
Abstract. Background: Optimal radiation therapy (RT)
fractionation in early prostate cancer in elderly patients is
controversial. We compared acute toxicities of fractionation
schedules: 78/2 Gy, 60/3 Gy and 36.25/7.25 Gy, in this single-
centre study. We also evaluated the effect of the rectal
immobilization system Rectafix on quality of life (QoL). Patients
and Methods: Seventy-three patients with one or two
intermediate prostate cancer risk factors according to National
Comprehensive Cancer Network criteria were recruited. Twenty-
one patients were treated with 78/2 Gy and 60/3 Gy, and 31
patients with 36.25/7.25 Gy. Their QoL data were assessed with
regard to genitourinary, gastrointestinal and sexual wellbeing at
the beginning and end of RT and at 3 months after treatment.
Rectafix was used in the 78/2 Gy and 60/3 Gy groups. Results:
There were no statistically significant QoL differences in between
the treatment groups 3 months after RT. The 78/2 Gy group had
significantly increased bowel movements between baseline and
3 months after RT (p=0.036). At 3 months after RT, this group
also had significantly more erectile dysfunction than the 60/3 Gy
group (p=0.025). At the end of RT, the 78/2 Gy group had more
symptoms than the 36.25/7.25 Gy group. Rectafix did not reduce
acute toxicities in the 78/2 Gy or 60/3 Gy groups. Conclusion:
Treatment with the 78/2 Gy schedule is no longer to be
recommended due to its increased acute toxicity compared to
treatments of 60/3 Gy and 36.25/7.25 Gy. The shortest schedule

of 36.25 Gy in five fractions seems to be a convenient treatment
option with tolerable acute toxicity.

Prostate cancer (PC) is the most common cancer in Finland and
the whole Western world. In Finland 2019, 5,245 new cases
were diagnosed. External-beam radiotherapy (RT) is an
important treatment option for prostate cancer. Other options
include radical prostatectomy, brachytherapy, active
surveillance, and watchful waiting (1). The prognosis of prostate
cancer is excellent; the 10-year prostate cancer-specific survival
after curative treatment is 95-98% in those with early prostate
cancer and 86-91% in high-risk disease (2). Based on dose-
escalation studies, the standard radiation dose has been
established at between 74 and 78 Gy, with a resulting treatment
delivery time of 7 to 8 weeks with 2-Gy fractions (3, 4). Several
studies have indicated that in the linear-quadratic model of
radiation dose-response, prostate cancer exhibits a low α/β-
value (5). Based on this assumption, fewer and larger fractions
in RT would increase therapeutic efficacy with reduced
treatment-related toxicity to normal tissues, which is related to
a higher α/β-value. Patient convenience and optimized use of
resources have also increased the rationale for shorter RT
courses. Large studies have demonstrated that 3-Gy fractions
delivered in 4 weeks have an equal efficacy and toxicity profile
to 2-Gy fractions over 8 weeks (6, 7). Based on these results,
the treatment schedule of 60 Gy in 20 fractions has been widely
adapted. If it is assumed that the α/β-value of prostate cancer
is very low, indicating that the cancer cells have high sensitivity
to the dose per fraction, it is possible to deliver fewer focused
high-dose fractions safely with good local control of disease
without increasing damage to normal tissue. The longest
efficacy and safety follow-up for this kind of stereotactic body
radiation therapy (SBRT) treatment of the prostate is 10 years
with a dose of 5×7.25 Gy, wherein the biochemical recurrence-
free survival was 93%, and severe toxicity was limited. All
patients had early low-risk prostate cancer (8). 

2553

Correspondence to: Petri Reinikainen, Department of Oncology and
Radiotherapy, Tampere University Hospital, Elämänaukio, Kuntokatu
2, 33520 Tampere, Finland. E-mail: petri.reinikainen@tuni.fi

Key Words: Prostate cancer radiotherapy, quality of life, acute side-
effects, stereotactic body radiotherapy, rectal displacement device.

ANTICANCER RESEARCH 42: 2553-2565 (2022)
doi:10.21873/anticanres.15733

Acute Side-effects of Different Radiotherapy 
Treatment Schedules in Early Prostate Cancer

PETRI REINIKAINEN1,2, MIKA KAPANEN2,3, 
TIINA LUUKKAALA4,5 and PIRKKO-LIISA KELLOKUMPU-LEHTINEN1,4

1Faculty of Medicine and Health Technology, Tampere University and Tampere Cancer Center, Tampere, Finland;
2Department of Oncology and Radiotherapy, Tampere University Hospital, Tampere, Finland;

3Department of Medical Physics, Medical Imaging Center, Tampere University Hospital, Tampere, Finland;
4Research, Development and Innovation Center, Tampere University Hospital, Tampere, Finland;

5Faculty of Social Sciences, Health Sciences, Tampere University, Tampere, Finland

This article is an open access article distributed under the terms and
conditions of the Creative Commons Attribution (CC BY-NC-ND) 4.0
international license (https://creativecommons.org/licenses/by-nc-nd/4.0).



In addition, differences in bladder and rectal filling can
cause interfractional motion of the prostate during RT (9). This
intrafractional motion is caused by gas movements in the
rectum, muscle relaxation and patient position adjustments
(10). All these factors can have an effect on the outcome of
RT for prostate cancer. Intrafractional motion can be detected
with electromagnetic tracking devices, such as RayPilot
(Micropos Medical, Gothenburg, Sweden) or Calypso (Varian
Medical Systems, Palo Alto, CA, USA). Rectal retractors and
endorectal balloons can be used to reduce prostate
intrafractional motion and to achieve rectal dose sparing. The
3D symmetrical internal margins around the prostate in
treatment plans can be reduced by up to 33-40%, and the
mean fractional high dose to the rectum is measured as being
39% lower with the use of an endorectal balloon (11, 12). The
immobilization device Rectafix (Scanflex Medical, Täby,
Sweden) was also developed to reduce the irradiated rectal
volume and thus reduce RT-related side-effects (13). 

Compliance with prostate cancer RT might be an issue for
patients due to the long distances patients need to travel to
their therapy centre in countries such as Finland. Moreover,
the mean age for prostate cancer diagnosis in Finland, is
approximately 70 years. Thus, the aim of this study was to
evaluate acute toxicity and patient-reported quality of life
outcomes when using three RT schemes (39×2 Gy, 20×3 Gy,
5×7.25 Gy) and new localization and immobilization devices
in the treatment of early local prostate cancer in order to
develop better tolerated and more convenient treatment
options for this elderly patient population.

Patients and Methods
Patients. This was a prospective, single-centre study comparing the
conventionally fractionated schedule of 78 Gy in 39 fractions (78/2 Gy)
with two hypofractionated schedules of 60 Gy in 20 fractions (60/3 Gy)
and 36.25 Gy in five fractions (36.25/7.25 Gy). Men between 30 and
85 years with a biopsy-proven localized T1c-T2cN0M0 prostate
carcinoma with one or two intermediate risk factors according to
National Comprehensive Cancer Network criteria were eligible (14).
Intermediate risk factors were T2b-T2c, Gleason score 7 or prostate-
specific antigen (PSA) level of 10-20 ng/ml. Prostate cancer-specific
exclusion criteria were the need for androgen deprivation therapy or
transurethral resection of the prostate. Other exclusion criteria included
hip prosthesis, previous pelvic RT and another active malignancy in the
previous 5 years. Overall, 73 patients were recruited between May 2014
and December 2017. The first 42 patients were treated within 78/2 Gy
or 60/3 Gy according to the clinician’s decision, and 31 patients were
then treated with 36.25/7.25 Gy. The Tampere University Hospital
Ethics Committee approved the study (R14009), and patients gave their
written informed consent. The clinical trial identifier was
NCT02319239 at www.ClinicalTrials.gov.

Procedures. Three fiducial markers were placed in the prostate and
planning computed tomography (CT) and magnetic resonance imaging
(MRI) were performed. For the 78/2 Gy and 60/3 Gy groups, treatment
was given in one daily fraction from Monday to Friday. The 36.25/7.25

Gy treatment group received treatment every other day for 10 days.
Radiotherapy to all treatment groups was given with volumetric-
modulated arch therapy using two full arcs and 6 MV flattened beams.
The clinical target volume included the prostate and the base of seminal
vesicles. The planning target volume was extended from the clinical
target volume by 5 mm. For the 78/2 Gy and 60/3 Gy groups, the risk
of seminal vesicle invasion was assessed with the Memorial Sloan
Kettering Cancer Centre nomogram (15). When the invasion risk was
greater than 15%, RT was given to the seminal vesicles with a 7 mm
extension. The RT doses given to them were 56/2 Gy and 46/2.3 Gy
accordingly. Seminal vesicles were not included in the 36.25/7.25 Gy
group. Dose constraints were defined for dose coverage and for normal
tissues, including the rectum, bladder, and femoral heads (16-19). In
the 36.25/7.25 Gy group, Fleet Enemas were used prior to planning CT,
MRI and each treatment delivery. For the 78/2 Gy and 60/3 Gy groups,
treatment localization was performed with orthogonal kilovolt imaging
based on three fiducial markers. Cone-beam CT scans were used to
evaluate the rectum and bladder before the delivery of each fraction in
the 36.25/7.25 Gy group.

Quality of life investigations were performed with patient-reported
outcome questionnaires at baseline, at the end of RT and 3 months
after the treatment. Bowel, bladder, and sexual function assessments
included International Prostate Symptom Score (IPSS), the
International Index of Erectile Function (IIEF-5), and 16 questions on
a modified version of the LENT-SOMA questionnaire (20-22). The
seven IPSS questions led to point totals ranging from 0-35: 0-7 mild,
8-19 intermediate and 20-35 severe symptoms. The IIEF-5 score
ranged from 5 (severe dysfunction) to 25 (no dysfunction). When the
patient answered the IIEF-5 questionnaire but scored below 5 points,
his answers were included. LENT-SOMA genitourinary (GU) and
gastrointestinal (GI) domain scores were formulated as a sum of
domain-specific questions. The GU domain score ranged from 0 to 20,
and the GI domain score ranged from 1 to 28. Physicians completed
Common Terminology Criteria for Adverse Effects (CTCAE) version
4 questionnaires at baseline and at the end of RT to evaluate acute
toxicity (23). The 36.25/7.25 Gy group also had patient-reported
outcome questionnaires and physicians’ evaluations of toxicity at 1
month after the end of RT. Based on patient records and CTCAE v4
findings, toxicity was later converted to the Radiation Therapy
Oncology Group scale for comparison with other studies (24). 

Histology was assessed with transrectal ultrasound-guided
biopsies and reported with the Gleason system (25). Local staging
(TNM) was performed with digital rectal examination and pelvic
MRI (26, 27). Other investigations included PSA and standard
haematology. Whole-body CT and bone scans were not included
because the risk of metastasis was considered low based on the
referred guidelines (14, 28). PSA was measured at the end of and 3
months after RT. The 36.72/7.25 Gy group underwent PSA
measurement 1 month after treatment.

Rectal immobilization device and intrafractional movement
tracking. Part of the study was to evaluate immobilization of the
rectum and prostate with rectal rod Rectafix and its effect on rectum
dose sparing and intrafractional movement of the prostate. Rectal
immobilization was achieved by posterior rectal depression
performed with a cylindrical rod (length 110 mm, diameter 20 mm)
inserted into the patient’s rectum. The rod was fixed to its support
column when optimal displacement was achieved. A rectal rod was
used in the treatment of 16 patients in the 78/2 Gy group for the
first 15 fractions and 14 patients in the 60/3 Gy group for the first
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10 fractions. Treatment localization was performed with orthogonal
kilovolt imaging of three fiducial markers of the prostate. Cone-
beam CT imaging was used at each fraction when the rectal
immobilization device was in use and in every other non-rectal rod
fraction to evaluate the filling status of the rectum and bladder.
Intrafractional movement was tracked using the RayPilot (Micropos
Medical, Gothenburg, Sweden) tracking system. A wired transmitter
was implanted transperineally to the prostate using ultrasound
guidance for 15 patients in the 78/2 Gy group and 13 patients in the
60/3 Gy group. Implantation was performed in a separate session
from the insertion of fiducial markers because the transmitter would
have caused artefacts in planning MRI due to its ferromagnetic core.
After the last fraction, the transmitter was removed. The same
patients had Rectafix and RayPilot as part of their treatment, and
we referred to them as the RF group (Figure 1).

RectaI immobilization and intrafractional movement tracking
were not used in the SBRT treatment arm due to the interim analysis

results based on treatment arms 78/2 Gy and 60/3 Gy. Intrafractional
movement was increased with the use of a rectal rod compared to
fractions with a normal setup (29). In the RayPilot system,
instability issues occurred, and it was not better than kilovolt
imaging with fiducial markers in the intrafractional localization of
the prostate (30). 

Statistical analysis. Fisher’s exact test was used to compare
treatment groups. Missing values were not included in categorical
analyses. Changes in continuous variables between time points were
studied using the Wilcoxon signed-rank test. In the analyses of
questionnaires, the missing values were replaced with the mean
value of other answers of patients when 20% or less of the answers
were missing. There were only a few replaced values in every
treatment group. The Mann-Whitney two-independent samples test
was used to compare two treatment groups independently. Changes
inside the treatment group between different time points were
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Figure 1. Planning computed tomography for Rectafix placement in the sagittal (A) and axial (B) planes and in the sagittal plane in cone-beam
computed tomography before treatment delivery (C). Coronal plane of planning computed tomography for RayPilot location in the prostate (D).
For this patient, RayPilot was implanted in the right globe of the prostate and can be seen in (C) and (D). The red-shaded area in A-C represents
95% of the radiation dose prescribed to the prostate.



analysed using Wilcoxon signed-rank test. IBM SPSS Statistics
version 25.0 for Windows (IBM, Armonk, NY, USA) was used for
statistical analyses. All tests used a two-sided value of p<0.05 for
statistical significance.

Results
The median age of the patients was 69 years (range=59-78
years) (Table I). The most common Gleason score was 3+4,
with 67% of patients. The median baseline PSA was 9.2
ng/ml (range=3.2-19.1 ng/ml) for the whole study group. The
median prostate volume was 40.0 cm3 (range=20.0-111.0
cm3). Comorbidities were common, and 26% of patients
were obese.

GU symptoms. At baseline, there were no significant
differences in GU symptoms between groups. On the IPSS
score, severe symptoms were present in only one patient per
treatment group (Table II). At the end of RT, severe
symptoms increased in all groups, and statistically significant
differences between groups were observed in the IPSS
symptom score (p=0.011). In the 78/2 Gy and 60/3 Gy
treatment groups, seven (33%) patients had severe symptoms

at the end of RT. Severe symptoms were present in three
(12%) patients in the 36.25/7.25 Gy at the end of RT and in
one patient (4%) 1 month after RT. The median IPSS at
baseline was 6.0 [interquartile range (IQR)=3.0-11.5)] and
7.0 (IQR=3.25-11.75) in the 78/2 Gy and 36.25/7.25 Gy
groups, respectively. At the end of RT, GU symptoms were
worse, with median scores of 17.0 (IQR=11.0-24.0) and 10.0
(IQR=4.75-14.75), respectively. In the 60/3 Gy group, the
change in score was from 6.0 (IQR=3.5-10) to 13.0
(IQR=7.5-21.5). At the end of RT in the 78/2 Gy and
36.25/7.25 Gy groups, the difference in IPSS was
statistically significant (p=0.005).

At the end of RT, urinary-related toxicity by CTCAE v4
was reported, as shown in Table III. In general, toxicities
were mild (grade 1 to 2), haematuria was uncommon, and
there was one physical activity-induced grade 2 haematuria
in the 36.25/7.25 Gy group at 1 month after treatment.
However, this patient used warfarin medication. One grade
3 urinary infection that needed hospitalization occurred in
the 60/3 Gy group; this patient belonged in the RF group.

With our patients, Radiation Therapy Oncology Group grade
2 or worse acute GU toxicities were found in 48%, 38% and
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Table I. Baseline patient demographics in different radiation therapy groups and in patients treated with Rectafix (RF) within the treatment groups.

                                                                                                               Radiation therapy group    

                                                                      78/2 Gy                                                                 60/3 Gy                                  36.25/7.25 Gy       Overall
                                             All (n=21)      RF (n=16)     Non-RF (n=57)      All (n=21)       RF (n=14)     Non-RF (n=7)       All (n=31)           (n=73)

Age, years
  Median (range)                 68 (59-78)      68 (59-78)         67 (63-73)          69 (60-78)       69 (60-78)        73 (63-74)          70 (63-78)       69 (59-78)
Gleason score, n (%)
  3+3                                        7 (33)                  5                         2                      8 (38)                  5                       3                      6 (19)              21 (29)
  3+4                                       13 (62)                10                        3                     13 (62)                 9                       4                     23 (74)             49 (67)
  4+3                                         1 (5)                   1                         0                       0 (0)                   0                       0                       2 (7)                 3 (4)
T-Stage, n (%)
  T1c                                        2 (10)                  1                         1                      3 (14)                  2                       1                      6 (19)              11 (15)
  T2a                                        5 (24)                  4                         1                      4 (19)                  2                       2                      9 (29)              18 (25)
  T2b                                        3 (14)                  2                         1                      3 (14)                  2                       1                      3 (10)               9 (12)
  T2c                                       11 (52)                 9                         2                     11 (52)                 8                       3                     13 (42)             35 (48)
PSA baseline, ng/ml                 10.3                  9.3                     12.7                      7.4                   7.6                    6.8                       9.4                    9.2
  Median (range)                  (4.0-15.2)       (4.0-15.2)          (10.3-15.2)          (3.4-18.4)        (3.4-18.4)         (5.1-13.2)           (3.2-19.1)         (3.2-19.1)
Prostate volume, cm3                  50.5                 47.0                    52.0                     37.0                 37.0                  38.5                     35.0                  40.0
  Median (range)                (24.0-111.0)    (24.0-92.0)        (45.0-111.0)        (23.0-80.0)      (23.0-80.0)       (30.0-47.6)         (20.0-79.0)      (20.0-111.0
BMI kg/m2                                       26.2                 25.4                    27.2                     26.2                 28.6                  25.4                     26.0                  26.1
  Median (range)                (21.4-40.4)     (21.9-29.3)         (21.4-40.4)         (22.4-34.8)      (22.4-34.8)       (25.0-26.2)         (21.8-40.6)       (21.4-40.6)
  ≥30 kg/m2, n (%)                 6 (29)                  6                         0                      5 (24)                  5                       0                      8 (26)              19 (26)
Comorbidities, n (%)
  Diabetes type II                    4 (19)                  3                         1                      6 (29)                  6                       0                      7 (23)              17 (23)
  Hypertension                       11 (52)                 8                         3                     10 (48)                 6                       4                     23 (74)             44 (60)
  ASO                                      4 (19)                  3                         1                      3 (14)                  2                       1                      4 (13)              11 (15)
  AF                                         3 (14)                  3                         0                      3 (14)                  3                       0                       2 (7)                8 (11)
  PH                                         6 (29)                  4                         2                      2 (10)                  2                       0                     13 (42)             21 (29)

AF: Atrial fibrillation; ASO: atherosclerosis; BMI: body mass index; PH: prostate hyperplasia; PSA: prostate-specific antigen. All patients in the
36.25/7.25 Gy group were treated without RF.



19% in the 78/2 Gy, 60/3 Gy and 36.25/7.25 Gy groups,
respectively. One month after RT, GU toxicity increased in the
36.25/7.25 Gy group, and one patient had grade 3 toxicity.
Three months after treatment, only one to two patients in each
group had grade 2 or more toxicities (Table IV).

Three months after RT, there were no differences between
groups or within groups in IPSS compared to baseline (Table
II), or LENT-SOMA GU domain score (Table V). One
patient in the 78/2 Gy group still had severe symptoms as
measured by IPSS. The medians of total IPSS were 6.0
(IQR=3.0-9.5), 7.0 (IQR=3.0-10.5) and 6.5 (IQR=2.75-10.0)
for the 78/2 Gy, 60/3 Gy and 36.25/7.25 Gy groups,
respectively. The LENT-SOMA symptom about a reduced
stream of urine was significantly improved towards better
urinary flow in the 60/3 Gy and 36.25/7.25 Gy groups
(p=0.036 and p=0.040, respectively) when compared to
baseline values (Table V).

Rectafix did not have any effect on urinary symptoms at
the end of RT or at the three-month follow-up. In Table VI,
all Rectafix results are summarized, and the non-RF group
results without SBRT are also presented.

GI symptoms. At baseline, the 78/2 Gy group already had
more bowel symptoms than the other groups. The median
LENT-SOMA GI domain was 3.0 (IQR=1.25-4) for the 78/2

Gy group and 1.0 for the 60/3 Gy group (IQR=1.0-3.0) and
2.0 (IQR=1.0-3.0) for the 36.25/7.25 Gy. The difference
between the 78/2 Gy and 36.25/7.25 Gy groups was
statistically significant (p=0.034).

During RT, five (24%) patients in the 78/2 Gy group, three
(14%) in the 60/3 Gy group and three (10%) in the
36.25/7.25 Gy had rectal haemorrhage grade 1 assessed with
the CTCAE v4 (Table IV). All eight patients with rectal
haemorrhage in the 78/2 Gy and 60/3 Gy groups were treated
using Rectafix. Rectal discomfort (proctitis grade 1) was
common during RT in all groups. 

Grade 2 or worse acute Radiation Therapy Oncology
Group GI toxicities were recorded in 15%, 14% and 10% of
patients in the 78/2 Gy, 60/3 Gy and 36.25/7.25 Gy groups,
respectively. Three months after treatment, grade 2 or worse
toxicity was rare. Only two patients in the 60/3 Gy group
had grade 2 toxicity (Table III).

With the LENT-SOMA GI domain score, there were no
differences between groups at 3 months after treatment.
Significant changes in the LENT-SOMA GI domain score
were not reported in the RT groups when compared between
baseline and 3 months after RT. On a question regarding
bowel frequency, the median increased in the 78/2 Gy group
from 1.0 (IQR=1.0-2.0) time per day to 1.8 (IQR=1.0-2.8)
times per day (p=0.036).
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Table II. Frequencies of International Prostate Symptom Score (IPSS) grades at baseline, at the end of radiation therapy and after three months of
follow-up for the different radiation therapy groups and in patients treated with Rectafix (RF) within the treatment groups.

                                                                                                                  Radiation therapy group, n (%)

                                                       78/2 Gy (n=21)                 60/3 Gy (n=21)              36.25/7.25 Gy      p-Value                                               p-Value
                                                                                                                                               (n=31)             between          RF          Non-RF      between
                                                   All         RF    Non-RF      All         RF    Non-RF      All                          groups         (n=30)         (n=43)      RF groups
                                                                                                                                                                                                                     
Baseline, n (%)                                                                                                                                               0.978a                                                 0.915a
   Grade 1                                13 (62)      10          3         13 (62)       9           4         16 (57)                                          19 (63)        23 (54)              
   Grade 2                                 7 (33)        5           2          7 (33)        5           2         11 (39)                                          10 (33)        15 (35)              
   Grade 3                                  1 (5)         1           0           1 (5)         0           1           1 (4)                                              1 (3)            2 (5)                
   Missing data                             0                                         0                                         3                                                    0                  3                   
End of RT, n (%)                                                                                                                          1 Month    0.011a                                                 0.119a
   Grade 1                                  0 (0)         0           0          5 (24)        3           2          9 (38)        8 (35)                          3 (10)         11 (26)              
   Grade 2                                14 (67)      12          2          9 (43)        7           2         12 (50)      14 (61)                        19 (63)        16 (37)              
   Grade 3                                 7 (33)        4           3          7 (33)        4           3          3 (12)         1 (4)                           8 (27)          9 (21)               
   Missing data                             0                                         0                                         7                8                                  0                  7                   
3 Months after RT, n (%)                                                                                                                               0.574a                                                 0.219a
   Grade 1                                14 (67)      12          2         12 (57)       8           4         18 (60)                                          20 (67)        24 (56)              
   Grade 2                                 6 (29)        3           3          9 (43)        6           3         12 (40)                                           9 (30)         18 (42)              
   Grade 3                                  1 (5)         1           0           0 (0)         0           0           0 (0)                                              1 (3)               0                   
   Missing data                             0                                         0                                         1                                                    0                  1                   
p-Value for change                                                                                                                                                                                                          
   Baseline to end of RT        <0.001b                              <0.001b                              0.003b                                          <0.001b      <0.001b              
   Baseline to 3 months           0.987b                                0.792b                                0.266b                                           0.637b         0.517b               

The 36.25/7.25 Gy radiation therapy group had IPSS questionnaire at the end of radiation therapy and 1 month after radiation therapy. All patients in the
36.25/7.25 Gy group were treated without RF. aFisher’s exact test. bWilcoxon signed-rank test. Statistically significant p-values are shown in bold.
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Table III. Toxicity evaluated with Common Terminology Criteria for Adverse Effects (CTCAE) at baseline and at the end of radiotherapy (RT) in
different radiation therapy groups and in patients treated with Rectafix (RF) within the treatment groups. CTCAE evaluation was performed in the
36.25/7.25 Gy group at 1 month after RT.

                                                                                                   Radiation therapy groups and toxicity grade, n (%)

                                              78/2 Gy (n=21)               60/3 Gy (n=21)              36.25/7.25 Gy (n=31)           RF (n=30)                   Non-RF (n=43)

                                                       Grade                               Grade                                Grade                               Grade                               Grade

                                           0             1           2            0             1            2           0             1           2             0            1           2            0            1           2

Urinary frequencya                                                                                                                                                                                                             
  Baseline                     10 (48)    4 (19)  7 (33)   14 (67)   6 (29)    1 (5)    10 (32)   9 (29)  12 (39)  19 (63)   6 (20)   5 (17)  15 (35)  13 (30)   15 (35)
  End of RT                   4 (19)    17 (81)     0        2 (10)    5 (24)  14 (67)       0         1 (3)   30 (97)    1 (3)     8 (27)  21 (70)   1 (2)      2 (5)     40 (93)
  1 Month                                                                                                        27 (87)   3 (10)    1 (3)                                                                               
Urinary incontinence                                                                                                                                                                                                          
  Baseline                     19 (91)    2 (10)      0       19 (91)    1 (5)     1 (5)    25 (81)   6 (19)       0       28 (93)    2 (7)        0      35 (81)   7 (16)      1 (2)
  End of RT                  13 (62)    6 (29)  2 (10)   17 (81)   3 (14)    1 (5)    24 (77)   7 (23)       0       25 (83)   4 (13)    1 (3)   29 (67)  12 (28)     2 (5)
  1 Month                                                                                                        27 (87)   3 (10)    1 (3)                                                                               
Dysuria
(painful urination)                                                                                                                                                                                                             
  Baseline                    21 (100)       0          0      21 (100)      0           0       29 (94)    2 (7)        0      30 (100)      0           0      28 (93)    2 (7)          0
  End of RT                  12 (57)    8 (38)   1 (5)     8 (38)    9 (43)   4 (19)   14 (45)  15 (48)   2 (7)    17 (57)   9 (30)   4 (13)  17 (40)  23 (54)     3 (7)
  1 Month                                                                                                        18 (58)  11 (36)   2 (7)                                                                               
Bladder spasms                                                                                                                                                                                                                   
  Baseline                     18 (86)    3 (14)      0       18 (86)   2 (10)    1 (5)    26 (84)   5 (16)       0       28 (93)    2 (7)        0      34 (79)   8 (19)      1 (2)
  End of RT                  11 (52)   10 (48)     0       15 (71)   6 (29)       0       24 (77)   7 (27)       0       21 (70)   9 (30)       0      29 (67)  14 (33)        0
  1 Month                                                                                                        29 (94)    2 (7)        0                                                                                  
Urinary retention                                                                                                                                                                                                                
  Baseline                     15 (71)    6 (29)      0       16 (76)   5 (24)       0       21 (68)  10 (32)      0       22 (73)   8 (27)       0      30 (70)  13 (30)        0
  End of RT                  14 (67)    7 (33)      0       11 (52)  10 (48)      0       12 (39)  19 (61)      0       21 (70)   9 (30)       0      16 (37)  27 (63)        0
  1 Month                                                                                                        18 (58)  12 (39)   1 (3)                                                                               
Haematuria                                                                                                                                                                                                                          
  Baseline                    21 (100)       0          0      21 (100)      0           0      31 (100)      0           0      30 (100)      0           0     43 (100)      0             0
  End of RT                 21 (100)       0          0      21 (100)      0           0      31 (100)      0           0      30 (100)      0           0     43 (100)      0             0
  1 Month                                                                                                        30 (97)       0        1 (3)                                                                               
Urinary infection                                                                                                                                                                                                                
  Baseline                    21 (100)       0          0      21 (100)      0           0      31 (100)      0           0      30 (100)      0           0     43 (100)      0             0
  End of RT                  19 (91)        0      2 (10)   20 (95)       0           0      31 (100)      0           0       27 (90)       0        2 (7)  43 (100)      0             0
  1 Month                                                                                                       31 (100)      0           0                                                                                  
Prostatic pain
(due to RT)                                                                                                                                                                                                                        
  Baseline                    21 (100)       0          0      21 (100)      0           0      31 (100)      0           0      30 (100)      0           0     43 (100)      0             0
  End of RT                  18 (86)    3 (14)      0       19 (91)   2 (10)       0       25 (81)   6 (19)       0       28 (93)    2 (7)        0      34 (79)   9 (21)         0
  1 Month                                                                                                        29 (94)    2 (7)        0                                                                                  
Proctitis (during RT)                                                                                                                                                                                                          
  Baseline                     20 (95)     1 (5)       0      21 (100)      0           0      31 (100)      0           0      30 (100)      0           0      42 (98)    1 (2)          0
  End of RT                  10 (48)   10 (48)  1 (5)     6 (29)   15 (71)      0       14 (45)  16 (52)   1 (3)    13 (43)  16 (53)   1 (3)   17 (40)  25 (58)     1 (2)
  1 Month                                                                                                        24 (77)   7 (23)       0                                                                                  
Rectal/anal pain                                                                                                                                                                                                                  
  Baseline                    21 (100)       0          0       20 (95)    1 (5)        0      31 (100)      0           0      30 (100)      0           0      41 (95)    2 (5)          0
  End of RT                  18 (86)    3 (14)      0       17 (81)   3 (14)    1 (5)    28 (90)   3 (10)       0       27 (90)   3 (10)       0      27 (90)   6 (14)      1 (2)
  1 Month                                                                                                       31 (100)      0           0                                                                                  
Rectal haemorrhage/
haematochezia                                                                                                                                                                                                                   
  Baseline                     20 (95)     1 (5)       0      21 (100)      0           0      31 (100)      0           0       29 (97)    1 (3)        0     43 (100)      0             0
  End of RT                  16 (76)    5 (24)      0       18 (86)   3 (14)       0       28 (90)   3 (10)       0       23 (77)   7 (23)       0      39 (91)    4 (9)          0
  1 Month                                                                                                        30 (97)    1 (3)        0                                                                                  

No grade 4 or 5 toxicities were reported. One grade 3 finding was reported: urinary infection at the end of RT in the RF group (60/3 Gy). The RF
group consisted of 16 patients from the 78/2 Gy group and 14 patients from the 60/3 Gy group. All patients in the 36.25/7.25 Gy group were treated
without RF. Use of tamsulosine hydrochloride was part of the treatment protocol in the 36.25/7.25 Gy group and it was in use at the end of RT.
Use of tamsulosine hydrochloride medication was marked to grade 2 to urinary frequency due to CTCAE.



Sexual wellbeing. Groups differed at baseline on the IIEF-5
score (p=0.025) related to sexual wellbeing (Table VII). Only
one patient (5%) in the 60/3 Gy group had moderate to severe
erectile dysfunction (grade 3). However, in the 78/2 Gy and
36.25/7.25 Gy groups, this was a common finding, with 9
(43%) and 12 (41%) patients, respectively. At the end of RT,
there were no significant differences between the groups in
IIEF-5 scores. When compared to baseline, erectile function
worsened in the 78/2 Gy and 60/3 Gy groups but not in the
36.25/7.25 Gy group (p=0.009, p=0.023 and p=0.501,
respectively). The same tendency was also observed at 3
months after the treatment (p=0.015, p=0.018 and p=0.326,
respectively). In IIEF-5, the median change in the groups
between baseline and 3 months were: 78/2 Gy group, from 14.0
(IQR=8.5-19.0) to 6.0 (IQR=2.3-19.5); group 60/3 Gy, from
19.0 (IQR=15.5-22.5) to 16.5 (IQR=10.8-22.0); and group
36.25/7.25 Gy, from 16.0 (IQR=4.0-20.5) to 11.0 (IQR=2.0-
19.0), all towards worse sexual function. For the 60/3 Gy group,
this score was statistically better than that for the 78/2 Gy group
at the 3-month timepoint (p=0.025), and the median change was
smallest for the 60/3 Gy group between baseline and 3 months.

The LENT-SOMA questionnaire had one question about
interest in intercourse; when comparing baseline to 3 months
after RT, the 60/3 Gy group of patients reported more loss
of interest (p=0.027) than the 78/2 Gy (p=0.068) and
36.25/7.25 Gy groups (p=0.555) (Table V). 

Rectafix did not have any effect on the IIEF-5 score at any
timepoint. In the LENT-SOMA question, the RF group had
more loss of interest in intercourse at 3 months after RT
(p=0.016).

Discussion

General aspects. Our results show that all the RT treatment
schedules studied were well tolerated. No severe acute

toxicity was reported at 3 months after RT in any treatment
group. However, in the standard treatment group (78/2 Gy),
acute GI toxicities and erectile dysfunctions were more
common. We used modern treatment techniques, including
immobilization devices and Rectafix, which did not worsen
GU symptoms or sexual functioning (Table VI). To the best
of our knowledge, this is a novel finding during era of
hypofractionated RT for prostate cancer.

A randomized trial comparing conventionally fractionated
to moderately hypofractionated RT showed increased acute
toxicity from hypofractionation (31). Dearnaley et al. reported
more grade 2 or worse GU toxicity and GI toxicity with
hypofractionation at the end of RT compared to conventionally
fractionated RT (32). Catton et al. randomized patients to
similar treatment arms as we used in this study (78/2 Gy or
60/3 Gy), and they reposted more grade 2 or worse GU and
GI acute toxicities with 60/3 Gy during the first 14 weeks after
the start of RT (7). A Scandinavian noninferiority phase III
trial (HYPO-RT-PC) randomized patients to conventionally
fractionated treatment (78/2 Gy) or to ultra-hypofractionated
treatment (42.7/6.1 Gy), and the study showed increased acute
toxicity in the ultra-hypofractionated arm (33). On the other
hand, an international randomized phase III noninferiority
trial, PACE-B, compared conventionally fractionated 78/2 Gy
or moderately hypofractionated 62/3.1 Gy RT to 36.25/7.25
Gy SBRT. In contrast to the three aforementioned trials,
PACE-B reported that acute GI and GU toxicities did not
increase with SBRT treatment (34). Valeriani et al. evaluated
outcomes in patients treated with 60/3 Gy with and without
image-guidance. During the treatment, grade 1-2 GU toxicity
occurred in 45.1%, grade 3 GU toxicity in 1.1% and grade 1-
2 GI toxicity in 29.1% of patients. In their study, acute GI
toxicity was lower in patients treated with image-guided RT
with 5 mm isometric margin as in our study. Grade 2 or worse
GU or GI toxicity were rare at 2 months after RT (35). The
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Table IV. Acute toxicity in the radiation therapy (RT) groups evaluated with Radiation Therapy Oncology Group scale.

                                                                                                         Radiation therapy group and timepoint, n (%)

                                                      78/2 Gy (n=21)                                    60/3 Gy (n=21)                                           36.25/7.25 Gy (n=31)

                                        End of RTa             3 Monthsc             End of RTa            3 Monthsc           End of RTa              1 Monthb              3 Monthsc

GU        None                       1 (5)                     11 (52)                    2 (10)                   14 (67)                  7 (23)                    10 (71)                  20 (65)
              Grade 1                 10 (48)                    8 (38)                    11 (52)                   5 (24)                  18 (58)                   11 (36)                  10 (32)
              Grade 2                 10 (48)                    2 (10)                     8 (38)                    2 (10)                   6 (19)                     9 (29)                     1 (3)
              Grade 3                      0                             0                             0                            0                           0                          1 (3)                         0
GI          None                      8 (38)                    15 (71)                    6 (29)                   13 (62)                 17 (55)                   22 (71)                  26 (84)
              Grade 1                 10 (48)                    6 (29)                    12 (57)                   6 (29)                  11 (36)                    8 (26)                    5 (16)
              Grade 2                  2 (10)                         0                         3 (14)                    2 (10)                   3 (10)                      1 (3)                         0
              Grade 3                   1 (5)                          0                             0                            0                           0                             0                            0

No Grade 4 or 5 toxicities were reported. aWorst grade during RT; bworst grade during 1 month after RT (only in the 36.25/7.25 Gy group); cworst
grade during 3 months after RT in the 78/2 Gy and 60/3 Gy groups and during 1 to 3 months in the 36.25/7.25 Gy group.



trial toxicities are compared in Table VIII. Our findings were
in line with PACE-B results. In our patients, grade >2 acute
GU and GI toxicity was lowest in the ultra-hypofractionated
36.25/7.25 Gy group at the end of RT. One month after RT,
acute GU toxicity increased in the 36.25/7.25 Gy group to the
same level as in the other groups at the end of RT. This
phenomenon, called delayed toxicity, is typical of SBRT.
Three months after RT, grade 2 or worse toxicities were rare.
Thus, our findings are comparable to modern published
studies and demonstrate low acute toxicity of ultra-
hypofractionated treatment. The modern immobilization
device, Rectafix, was used in our groups treated with 78/2 Gy
and 60/3 Gy, and it might have had an effect on acute GI
toxicities in those groups. All of these treatment schedules
demonstrated good outcomes for disease control and long-
term toxicity.

GU symptoms. At the end of RT, the ‘ultra-fractionated’
36.25/7.25 Gy group had the best patient reported quality of
life. Mild symptoms reflected in IPSS score were present at
baseline in 38% and at 1 month in 35% of patients. None of

the patients of the 78/2 Gy groups and 24% of the 60/3 Gy
group reported mild symptoms. The use of Rectafix did not
have any adverse effects on GU symptoms at the end of RT.
To our knowledge, there are no previously published quality
of life reports regarding Rectafix and GU toxicity. The most
intensive radiation-related urinary symptoms were reported
in the stereotactic group; one patient had marked maximum
10 of the Visual Analog Score for pain due to urinary
symptoms, and another had haematuria. These findings are
in line with earlier reported publications of acute toxicity
during SBRT treatment (36). Patients in the conventionally
fractionated group seemed to have the lowest quality of life
when taking into account urinary symptoms. Possible
reasons for this might be treatment fatigue due to the long,
8-week treatment period or relatively large prostates in this
treatment group. Our reported acute GU toxicity profiles for
RT groups are similar to reported studies comparing
hypofractionated RT and conventional fractionation.

GI symptoms. To our knowledge, there are no previous studies
reporting quality of life with the Rectafix bowel immobilization
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Table V. Median scores for LENT-SOMA questions at baseline (BL) and at 3 months of follow-up in different radiation therapy groups and in
patients treated with Rectafix (RF) within the groups. Changes between timepoints were analysed using the Wilcoxon signed-rank test.

                                                                                                                          Radiation therapy group

                                                        78/2 Gy (n=21)            60/3 Gy (n=21)          36.25/7.25 Gy (n=31)        RF (n=30)                 Non-RF (n=43)

                                                          BL  3 Months  p-Value  BL 3 Months  p-Value  BL  3 Months  p-Value  BL  3 Months  p-Value  BL  3 Months  p-Value

Genitourinary                                                                                                                                                                                                                   
1. Painful urination                        0          0          0.531     0          0          0.750     0          0          0.750    0          0          0.750     0          0          0.807
2. Frequency (between x h)         4.0       3.0        0.813    4.0      3.8        0.077    3.0       3.3         0.404   4.0       4.0         0.507    3.5       3.0         0.370
3. Blood in urine                            0          0        >0.99       0          0       >0.99       0          0        >0.99      0          0        >0.99       0          0        >0.99
4. Incontinence                               0          0        >0.99       0          0          0.531     0          0          0.500    0          0          0.500     0          0          0.938
5. Usage of pads                             0          0        >0.99       0          0       >0.99       0          0        >0.99      0          0        >0.99       0          0        >0.99
6. Decreased stream of urine         2          1          0.232     2          1          0.036      2          1          0.040    2          1          0.019     2          1          0.045
Domain score (Q 1, 3-6)a              2          1          0.698     2          2          0.412     2          1          0.156    2          1          0.346     2          1          0.061

Gastrointestinal                                                                                                                                                                                                                
7. Urgency of bowel movement     0          0          0.809     0          0       >0.99       0          0          0.594    0          0          0.914     0          0          0.628
8. Mucus on faeces                        0          0          0.063     0          0       >0.99       0          0          0.359    0          0          0.563     0          0          0.148
9. Quality of faeces                        1          1          0.250     1          1       >0.99       1          1          0.813    1          1          0.531     1          1          0.492
10. Frequency (times/day)            1.0       1.8        0.036    1.0      1.0        0.656    1.3       1.0      >0.99     1.0       1.0         0.675    1.0       1.0         0.076
11. Incontinence                             0          0        >0.99       0          0       >0.99       0          0        >0.99      0          0        >0.99       0          0        >0.99
12. Usage of pads                           0          0        >0.99       0          0       >0.99       0          0        >0.99      0          0        >0.99       0          0        >0.99
13. Pain on passing a motion        0          0          0.625     0          0          0.500     0          0        >0.99      0          0        >0.99       0          0        >0.99
14. Blood in faeces or in anus       0          0        >0.99       0          0          0.250     0          0        >0.99      0          0          0.219     0          0        >0.99
15. Anal irritation                           0          0          0.555     0          0       >0.99       0          0          0.109    0          0        >0.99       0          0          0.143
Domain score (Q 7-9, 11-15)a       3        2.5        0.988     1          2       >0.99       2          2          0.435    2          2          0.864     2          2          0.692

Sexual                                                                                                                                                                                                                              
16. Interest in intercourseb            2          3          0.068     2          2          0.027      2          2          0.555    2          2          0.016     2          2          0.016

All patients in the 36.25/7.25 Gy group were treated without RF. aDomain score is the sum of scores for answers. bExcluded for not
answering/missing data: At baseline: 0, 1 and 6 patients, and at 3 months 1, 2 and 7 patients of the 78/2 Gy, 60/3 Gy and 36.25/7.25 Gy groups,
respectively. Statistically significant p-values are shown in bold. 



system. The PROMETHEUS study aimed for a non-surgical
SBRT prostate boost with using rectal displacement devices,
such as Rectafix. They assessed toxicity with CTCAE v4 and
reported discomfort with Rectafix, which was moderate in 35%
and severe in 14% of men (37). Patient reported quality of life
data have not yet been published.

In this study, patients treated with Rectafix had more
frequent rectal haemorrhages, which worsened their quality
of life at the end of RT. Rectafix was used as a part of 78/2
Gy treatment in 15 fractions and 60/3 Gy in 10 fractions. It
was originally designed to be used as a part of SBRT
treatment. In our study, it increased intrafractional
movement, which is why patients belonging to the
36.25/7.25 Gy group were treated without it. In addition, 3
months after treatment, the use of Rectafix did not have a
protective effect on our patients’ bowel symptoms.

At the end of RT, 60/3 Gy had a worsened quality of life due
to GI symptoms. Physicians reported more proctitis and
prostatic pain in this group (36.25/7.25 Gy) than in the other

groups but that difference was not seen in the quality of life
results. CHHiP (6) and PROFIT (7) studies reported
significantly higher proportions of acute GI toxicity with
hypofractionation when compared to conventional fractionation
(p<0.001 and p=0.003, respectively), which were expected
findings when treating with hypofractionation. The HYPO-RT-
PC study had similar findings, with more patients and doctors
reporting acute toxicity in the SBRT group (33). In our study,
no differences were found in this respect between the groups
three months after RT (Table VIII).

Sexual wellbeing. The overall prevalence of erectile dysfunction
(grade 2-3) was reported at 80% of patients before treatments
and 79% at the 3-month follow-up. This rate was almost the
same as that in a population-based sample of 50- to 75-year-old
Finnish men, where the overall prevalence of erectile
dysfunction was 76.5% (38). Severe erectile dysfunction was
found in 21% of our men at the beginning and in 41% at 3
months after treatment. Severe problems with sex life occurred
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Table VI. Summary of patient reported quality-of-life scores (median) for the Rectafix (RF) and control groups at baseline (BL), end of treatment
and 3 months of follow-up. The non-RF group included five patients of the 78/2 Gy group, seven patients of the 60/3 Gy group and all 31 patients
in the 36.25/7.25 Gy group. The non-RF CFR group included patients of the 78/2 Gy and 60/3 Gy groups. The RF group included 16 patients of
the 78/2 Gy group and 14 patients of the 60/3 Gy group. 

                                                                                                                                     Radiation therapy group

                                                                          Non-RF (n=43)                                           RF (n=30)                                      Non-RF Cfr (n=12)

                                                           BL    End   p-Value  3 Months  p-Value   BL   End   p-Value  3 Months  p-Value   BL  End   p-Value  3 Months  p-Value

IPSS                                                7.0   11.5   <0.001        7.0        0.517     6.0   14.5   <0.001        6.0         0.637    6.5  16.0   <0.001       7.5         0.713
IEFF-5                                           17.0   9.0      0.040       11.0       0.008    17.5  11.0     0.008       14.5        0.028   17.0  7.5       0.021       9.5         0.011
LENT-SOMA GU domain scorea     2                                   1         0.061      2                                   1          0.346      2                                2.5         0.734
LENT-SOMA GI domain scoreb     2                                   2         0.692      2                                   2          0.864      2                                  2          0.703
1. Painful urination                          0                                   0         0.807      0                                   0          0.750      0                                  0          0.375
2. Frequency (between x h)           3.5                                3.0        0.370    4.0*                               4.0         0.507    3.0                               3.0         0.105
3. Blood in urine                             0                                   0       >0.99        0                                   0        >0.99        0                                  0        >0.99
4. Incontinence                                0                                   0         0.938      0                                   0          0.500      0                                  0          0.750
5. Usage of pads                              0                                   0       >0.99        0                                   0        >0.99        0                                  0        >0.99
6. Decreased stream of urine          2                                   1         0.045      2                                   1          0.019      2                                1.5         0.531
7. Urgency of bowel movement     2                                   0         0.628      0                                   0          0.914      0                                0.5      >0.99
8. Mucus on faeces                          0                                   0         0.148      0                                   0          0.563      0                                  0          0.500
9. Quality of faeces                         0                                   1         0.492      1                                   1          0.531      1                                  1        >0.99
10. Frequency (times/day)             1.0                                1.0        0.076     1.0                                1.0         0.675    1.0                               1.3         0.031
11. Incontinence                              0                                   0       >0.99        0                                   0        >0.99        0                                  0        >0.99
12. Usage of pads                            0                                   0       >0.99        0                                   0        >0.99        0                                  0        >0.99
13. Pain on passing a motion         0                                   0       >0.99        0                                   0        >0.99        0                                  0        >0.99
14. Blood in faeces or in anus        0                                   0       >0.99        0                                   0          0.219      0                                  0        >0.99
15. Anal irritation                            0                                   0         0.143      0                                   0        >0.99        0                                  0        >0.99
16. Interest in intercoursec              2                                   2         0.016      2                                   2          0.016      2                                2.5         0.188

Cfr: Conventional fractionation; GI: gastrointestinal; GU: genitourinary; IIEF-5: International Index of Erectile Function; IPSS: International Prostate
Symptom Score. aIncluded questions 1 and 3-6. bIncluded questions 7-9 and 11-15. cExcluded for not answering/missing data: At baseline: 0, 1 and
6 patients, and at 3 months 1, 2 and 7 patients of the 78/2 Gy, 60/3 Gy and 36.25/7.25 Gy groups, respectively. Changes between timepoints were
analysed using the Wilcoxon signed-rank test; Differences between radiation therapy groups were tested using the Mann–Whitney two independent
samples test. Statistically significant p-values are shown in bold. *Significantly different at 0.048 from non-RF group at baseline. 



in 16% of men at baseline and 27% at 3 months. In the Nordic
study HYPO-RT-PC, severe problems with sex life were
observed in approximately 15-20% of patients at baseline and
20-25% at 3 months (39), which our findings are similar to. 

In general, the hypofractionated groups seemed to perform
better than the conventionally fractionated group. The effect
of RT on sexual wellbeing was negative overall in all
treatment groups, but the men in the 36.25/7.25 Gy group
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Table VII. Frequencies of International Index of Erectile Function (IIEF-5) symptom grades at baseline, at the end of radiation therapy (RT) and
after three months of follow-up between the radiation therapy groups and in patients treated with Rectafix (RF) within the groups.

                                                                                                                        Radiation therapy group

                                                        78/2 Gy (n=21)                60/3 Gy (n=21)              36.25/7.25 Gy     p-Valuea                                             p-Valuea
                                                                                                                                               (n=31)            Between          RF          Non-RF        RF vs. 
                                                      All       RF    Non-RF        All        RF    Non-RF      All                          groups         (n=30)         (n=43)        non-RF

Baseline, n (%)                                                                                                                                                0.025                                                   0.734
   None                                        3 (14)      3           0           6 (29)       4           2          5 (17)                                            7 (23)          7 (16)               
   Mild and mild to moderate      9 (43)      6           3          14 (67)      9           5         12 (41)                                          15 (50)        20 (47)              
   Moderate to severe                 9 (43)      7           2            1 (5)        1           0         12 (41)                                           8 (27)         14 (33)              
   Missing data                                0                                        0                                        2                                                    0                  2                   
End of RT, n (%)                                                                                                       End of RT  1 Month     0.439                                                  0.530
   None                                        2 (10)      2           0           6 (29)       5           1          4 (15)         2 (9)                           7 (23)          5 (12)               
   Mild and mild to moderate      4 (20)      4           0           6 (29)       3           3          8 (31)        8 (35)                          7 (23)         11 (27)              
   Moderate to severe                14 (70)     9           5           9 (43)       6           3         14 (54)      13 (57)                        15 (50)        22 (51)              
   Missing data                                1          1                            0                                        5                8                                  1                  5                   
3 Months, n (%)                                                                                                                                               0.150                                                  0.425
   None                                        3 (15)      3           0           6 (30)       5           1          5 (18)                                            8 (27)          6 (14)               
   Mild and mild to moderate      4 (20)      4           0           9 (45)       4           5          9 (32)                                            8 (27)         14 (33)              
   Moderate to severe                13 (65)     8           5           5 (25)       4           1         14 (50)                                          12 (40)        20 (47)              
   Missing data                                1          1                            1           1                           3                                                    2                  3                   
p-Value for changeb                                                                                                                                                                                                         
   Baseline to END of RT          0.009                                0.023                                0.501                                             0.008          0.040                
   Baseline to 3 months              0.015                                0.018                                0.326                                             0.028          0.008                

The 36.25/7.25 Gy group completed the IIEF-5 questionnaire at the end of RT and 1 month after RT. All patients in the 36.25/7.25 Gy group were
treated without RF. Symptom scores for erectile dysfunction: Grade 1, none; Grade 2, mild and mild to moderate; Grade 3, moderate to severe.
aFisher’s exact test. bWilcoxon signed-rank test. Statistically significant p-values are shown in bold.

Table VIII. Comparison of acute toxicities of Radiation Therapy Oncology Group grade 2 or worse at the end of radiation therapy (RT) in selected
studies.

                                                                                                                               Treatment schedule

                                                              Conventional                                            Hypofractionation                                                      SBRT

Study                                            GU                              GI                                GU                             GI                                 GU                              GI

TAYS (this study)                       48%                           15%                              38%                           14%                           19-29%                       10-3%
CHHiP (32)                                 46%                           25%                              49%                           38%                                 -                                  -
PROFIT (7)                                 31%                           11%                              31%                           17%                                 -                                  -
HYPO-RT-PC (33)                     23%                            9%                                  -                                 -                                 28%                             6%
PACE-B (34)                               27%                           12%                              27%                           12%                              23%                           10%

GI: Gastrointestinal; GU: genitourinary; SBRT: stereotactic body radiotherapy. TAYS (data from this study): Conventional 78/2 Gy, n=21;
hypofractionation 60/3 Gy, n=21; SBRT 36.25/7.25 Gy, n=31; SBRT toxicity reported at the end of and 1 month after RT. Conventional and
hypofractionation groups had Rectafix as a part of the treatment schedule. CHHiP (32): Conventional 74/2 Gy, n=1065; hypofractionation 60/3 Gy,
n=1074. PROFIT (7): Conventional 78/2 Gy, n=598; hypofractionation 60/3 Gy, n=608. HYPO-RT-PC (33): Conventional 78/2 Gy, n=602; SBRT
42.7/6.1 Gy, n=598. PACE-B (34): Conventional 78/2 Gy and hypofractionation 62/3.1 Gy, n=432; SBRT 36.25/7.25 Gy, n=415. Toxicities in
conventional and hypofractionation was reported as a single group.



seemed to have fewer changes than the men in other groups.
In studies comparing SBRT to moderate hypofractionation or
conventional fractionation, no differences in sexual function
between treatments were reported at the three-month follow-
up (33, 34). In addition, the use of Rectafix did not have any
protective effects against erectile dysfunction.

Strengths and limitations. All our patients were treated with
modern, image-guided RT with implanted fiducial markers.
All questionnaires were internationally verified and
validated in the Finnish language, and they surveyed a wide
variety of different RT-related symptoms. In 98% of the
treated patients, the same doctor (PR) made the RT contours
in the CT-based planning system and verified the plans, and
every patient had pretreatment MRIs. In approximately 90%
of cases, the same doctor (PR) interviewed and examined
the patients, making this study material highly coherent
compared to multicentre and multinational trials. The
limitation of this study is the small number of patients in
different treatment arms and the nonrandomized setting.
Additionally, the use of Rectafix was interrupted during the
study, making the treatment arms somewhat imbalanced. On
the other hand, this is one of the most comprehensive
studies of Rectafix use in connection with radical RT for
prostate cancer.

Conclusion

In this prospective single-centre study, patients treated with
conventionally fractionated RT (78/2 Gy) experienced
worse urinary and sexual function and more bowel
symptoms than those in the hypofractionated treatment
arms (60/3 Gy and 36.75/7.25 Gy). Continuing to treat with
78/2 Gy is no longer rational. In elderly populations, 36.25
Gy in five fractions seems to be a very convenient
treatment option, with tolerable acute toxicity, especially
for men with longer distances to travel to treatment centres.
Treatment with 60/3 Gy is also an acceptable option for
men who are worried about the slight risk of intense acute
toxicity with SBRT. The use of Rectafix did not reduce
acute toxicities in this study.
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