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Abstract 

Background We report the results of a retrospective analysis of localized prostate cancer (LPCa) treated with trans‑
perineal ultrasound image‑guided radiotherapy (TPUS‑IGRT).

Methods A total of 124 patients (median age: 74 y, 46–84 y) with LPCa who underwent TPUS‑IGRT (Clarity Autoscan 
system; CAS, Elekta; Stockholm, Sweden) between April 2016 and October 2021 for curative/after hormone induction 
were enrolled. The number of patients by risk (National Comprehensive Cancer Network 2019) was 7, 25, 42, and 50 
for low (LR), good intermediate (good IR), poor intermediate (poor IR), and high (HR)/very high (VHR), respectively. 
Ninety‑five patients were given neoadjuvant hormonal therapy. The planning target volume margin setting was 3 mm 
for rectal in most cases, 5–7 mm for superior/inferior, and 5 mm for anterior/right/left. The principle prescribed dose 
is 74 Gy (LR), 76 Gy (good IR), and 76–78 Gy (poor IR or above). CAS was equipped with a real‑time prostate intrafrac‑
tion monitoring (RTPIFM) system. When a displacement of 2–3 mm or more was detected, irradiation was paused, 
and the patients were placed on standby for prostate reinstatement/recorrection. Of the 3135 fractions in 85 patients 
for whom RTPIFM was performed, 1008 fractions (32.1%) were recorrected at least once after starting irradiation.

Results A total of 123 patients completed the radiotherapy course. The 5‑year overall survival rate was 95.9%. The 
5‑year biological prostate‑specific antigen relapse‑free survival rate (bPFS) was 100% for LR, 92.9% for intermediate 
IR, and 93.2% for HR/VHR (Phoenix method). The 5‑year late toxicity rate of Grade 2+ was 7.4% for genitourinary (GU) 
and 6.5% for gastrointestinal (GI) organs. Comparing the ≤ 76 Gy group to the 78 Gy group for both GU and GI organs, 
the incidence was higher in the 78 Gy group for both groups.

Conclusion These results suggest that TPUS‑IGRT is well tolerated, as the bPFS and incidence of late toxicity are 
almost comparable to those reported by other sources of image‑guided radiotherapy.
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Background
External beam radiotherapy (EBRT) is widely used as 
one of the curative therapies for localized prostate can-
cer (LPCa), and high doses are administered to optimize 
tumor control. The results of biological prostate-specific 
antigen relapse-free survival (bPFS) have been reported 
to be comparable to those of total prostatectomy [1, 
2]. On the other hand, intrafractional prostate motion 
(IntraPM) and interfractional prostate motion (InterPM) 
during irradiation have been problems in EBRT, and 
image-guided radiotherapy (IGRT) has been used as a 
countermeasure. There are reports that IGRT can reduce 
toxicity caused by EBRT [3, 4], and IGRT has been intro-
duced as a technique that allows a safe dose increase of 
approximately 10% [5]. Zelefsky et al. performed a study 
using IGRT with 86.4  Gy and reported significantly 
reduced late urologic toxicity and significantly better 
bPFS in the high-risk (HR) group [6]. IGRT modalities 
include the insertion of gold markers [7–9] or electro-
magnetic transponders (EMT) [10] into the prostate to 
monitor and correct the position of the markers and the 
use of a linear accelerator (Linac) that possesses a mag-
netic resonance imaging (MRI) guiding system [11]. 
Other modalities include the Clarity Autoscan system 
(CAS) (Elekta, Stockholm, Sweden, Supp A1) as an IGRT 
system that can monitor prostate position in real time 
during EBRT, is noninvasive and low-cost, and can be 
implemented into conventional EBRT systems. The posi-
tional accuracy of CAS has been reported to be compa-
rable to that of other monitoring systems [12]. Although 
reports of stereotactic body radiotherapy (SBRT) [13, 14] 
have been published, there are currently very few reports 
on the outcomes of conventional dose-fractionated EBRT 
(CDFRT).

We have implemented CAS at Yamagata City Hospital 
Saiseikan (YCHS) and report the results of a retrospec-
tive analysis of the outcomes: 5-year overall survival 
(OS), bPFS, and toxicity of CDFRT with ultrasound 
image-guided radiotherapy (TPUS-IGRT) for LPCa. 
CDFRT has many more long-term results than SBRT, and 
we believe it is worthwhile to evaluate the use of TPUS-
IGRT in CDFRT.

Method
Our study was reviewed and approved by the Ethics 
Committee of YCHS
Patients
In our study, which is a retrospective analysis, 124 
patients with LPCa diagnosed as cT1-4N0M0 who 
started radical radiotherapy with CAS between April 
2016 and October 2021 in YCHS were enrolled. All 
124 patients were pathologically confirmed by pros-
tate biopsy, and lymph node/distant metastases were 

excluded by computed tomography (CT)/MRI. On 
the other hand, N1/M1 patients, patients for salvage of 
hormonal therapy (HTx)/chemotherapy resistance and 
patients for relapse prevention after total prostatectomy 
were excluded.

The median age was 74 (46–84) years, the median pros-
tate-specific antigen (PSA) level (ng/ml) at first diagnosis 
was 7.622 (2.843–300), 76 (61.3%) were < 10, 32 (25.8%) 
were 10–20, and 16 (12.9%) were > 20.

The breakdown of the 124 patients in the analysis by 
risk classification according to the National Comprehen-
sive Cancer Network (NCCN) 2019 was: low risk (LR) 7 
patients, intermediate risk (IR) 67 patients (good prog-
nosis; favorable IR: 25 patients, poor prognosis; poor IR: 
42 patients), HR 39 patients, and very high risk (VHR) 11 
patients.

The medical history included 17 patients on anticoagu-
lants, 19 patients with diabetes, 2 patients on hemodialy-
sis (HD), and 1 patient with rheumatoid arthritis (RA). 
Patient details are shown in Table 1a.

Radiotherapy planning/patient setup for Linac
To maintain a similar bladder condition, patients are 
required to urinate approximately 30 min to 1 h prior to 
CT for TPUS-IGRT planning and each irradiation and 
then to drink 200–500 ml of water and store it until the 
end of the examination/treatment. No enema is used to 
promote defecation.

Treatment planning images are taken, and irradiation 
is performed with the patient in the supine position, 
secured in the CAS-attached fixation device, and the 
probe attached to the perineum. For treatment planning, 
the CAS system was brought into the CT (GE, Bright-
Speed®) room, and CT imaging was followed by trans-
perineal ultrasound imaging. The origin on the image 
coordinates was marked on the abdominal skin surface. 
A slice thickness of 2.5  mm was used for CT imaging. 
The treatment planning workstation (WS) was Pinna-
cle (Philipps, Netherlands), and the TPUS images were 
transferred to the WS and fused with the CT images 
to create the contour of each organ. The prostate was 
defined as the reference positioning volume (RPV).

The clinical target volume (CTV) was defined as fol-
lows: the CTV of the tumor area (CTV1) was the pros-
tate, plus the capsular invasion area for cT3a, the seminal 
vesicle invasion area for cT3b, and the tumor invasion 
area for cT4. In addition, the root of the seminal vesicle 
(approximately 1/3 of the bilateral seminal vesicles on 
the prostatic side) is defined as the prophylactic CTV 
(CTV2) for patients at risk of good IR or higher. The iso-
center (IC) was defined as approximately the center of 
gravity of the RPV.
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The planning target volume (PTV) was set by 3D 
expansion of CTV1/2. At the beginning of the introduc-
tion of CAS, it was set wider, but after some time after 
the introduction, it was set narrower.

The PTV margin settings were 5  mm (68 
patients)/7  mm (56 patients) for the superior-inferior 
side (SI), 3  mm (117 patients)/5  mm (7 patients, 2 of 
whom were initially 5 mm → changed to 3 mm during the 
process) for the rectal side, and 5  mm for the right-left 
side (RL) and anterior side in all patients (Table 1b).

Linac was Synergy (Elekta, Stockholm, Sweden), and 
10 MV X-rays and 4–5 coplanar beams were used in 
principle.

The patient was set up on the Linac bed with the probe 
attached to the perineum in the same position as during 
CT imaging, and the origin on the skin marker was used 
as a landmark. The IC was aligned with the center of the 
gantry rotation axis of the Linac. Next, TPUS was per-
formed before irradiation, the position of the RPV was 

corrected, and irradiation was started using that position 
as the baseline.

Use of real‑time prostate intrafractional monitoring (RTPIFM)
YCHS has been operating CAS since April 2016. How-
ever, due to the circumstances of the approval of the use 
of the device by Japanese law, we only corrected the posi-
tion of the fraction just before irradiation and did not 
perform real-time prostate intrafractional monitoring 
(RTPIFM) when the CAS was first introduced. RTPIFM 
was not performed in 39 patients, RTPIFM was intro-
duced in 6 patients in the middle of the TPUS-IGRT 
period, and the entire treatment period was included in 
the RTPIFM operation period for the other 79 patients 
(Table 1b).

RTPIFM monitors the RPV over time during beam irra-
diation, acquiring TPUS images at a rate of 3–4 frames 
per second to monitor the RPV position in real time 
(Supp. A2 for RTPIFM screen description.). When the 
RPV is displaced more than 2–3 mm in either direction 

Table 1 Patients and TPUS‑IGRT setup details

a Displacement criterion for recorrection ≧ 2–3 mm. 104 fractions out of 228 fractions (45.6%)
b Displacement criterion for recorrection ≧ 2 mm. 3031 fractions out of 3042 fractions (99.6%)
c Two of them changed to the 3 mm rectal side during the EBRT course
d The RTPIFM was operational after Nov. 21, 2017, following approval for legal use

TPUS-IGRT, transperitoneal ultrasound image-guided radiotherapy; GSG, Gleason score group; PSA, prostate-specific antigen; NCCN, National Comprehensive Cancer 
Network; LR, low risk; IR, intermediate risk; HR, high risk; VHR, very high risk; HD, hemodialysis; RA, rheumatoid arthritis; PTV, planning target volume; RTPIFM, real-time 
prostate intrafractional monitoring; SI, superior-inferior; EBRT, external beam radiotherapy

(a) Patients characteristics  n  %

Total patients Median 74y(46‑84y) 124 –

T stage T1/T2/T3/T4 11/101/11/1 8.9/81.5/8.9/0.8

GSG 1/2/3/4/5 23/30/24/29/18 18.5/24.2/19.4/23.4/12.5

initial PSA (ng/ml)  < 10/10–20/ > 20 76/32/16 61.3/25.8/12.9

NCCN 2019 risk Group LR/good IR/poor IR/HR/VHR 7/25/42/39/11 5.6/20.3/33.9/31.5/8.9

Past history Anticoagulants 17 13.7

Diabetes 19 15.3

HD 2 1.6

RA 1 0.8

(b) PTV margin setup, fractions with/without RTPIFM

RTPIFM None Part of EBRT  coursea Almost all of EBRT 
 courseb

Total n

n of patients 39 6 79 124

PTV margin setup SI\rectal (mm) 5 3 3 3 Total

5 – – – 68 68

7 7c 32 6 11 56

Total n 7c – 117 124

Number of fractions without RTPIFM (N/total, 
%)

1591 (33.7) Total 
frac‑
tions

Number of fractions: Recorrected at least once among fraction with RTPIFM/Total 
with RTPIFM(%)d

1008/3135 (32.1) 4726
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from the baseline, the beam is paused, the patient waits 
for spontaneous recovery, and irradiation is resumed 
when the RPV has recovered. If the displacement from 
the baseline continued for more than 5  s even after the 
beam irradiation of one of the ports was completed or if 
the displacement was expected to continue for more than 
10 s during the irradiation of one of the ports, the posi-
tion was recorrected, and the irradiation was continued. 
When RTPIFM was first introduced, the displacement 
criterion was set to "2–3 mm or more" (6 patients), but 
in the 79 patients where RTPIFM was performed almost 
every time, the criterion was set to “2 mm or more”.

Of the 85 patients and 3135 fractions for whom 
RTPIFM was performed, 1008 fractions (32.1%) were 
recorrected at least once after the start of irradiation 
(Table 1b).

Prescribed/administered dose
The principle prescribed doses were 74 Gy/37 fr for LR, 
76 Gy/38 fr for good IR, and 76 Gy/38 fr (-June 2018) or 
78 Gy/39 fr (July 2018-) for poor IR or above for CTV1 
with IC prescription. In addition, 50  Gy/25 fr was pre-
scribed for CTV2. No whole pelvis/small pelvis irradia-
tion was performed in the cases analyzed in our study.

All but 3 patients were able to receive the prescribed 
dose in principle (97.6% achievement rate). Doses by 
risk group were 74  Gy/37 fr for all 7 patients in the LR 
group, 76 Gy/38 fr for 24 patients and 74 Gy/37 fr for 1 
patient in the good IR group (LR was initially diagnosed 
but was changed after reevaluation of staging after treat-
ment). In the poor IR group, the dose was 78 Gy/39 fr for 
14 patients, 76 Gy/38 fr for 27 patients and 68.4 Gy/38 fr 
for 1 patient (dose reduced due to a history of RA). In the 
HR group, 23 patients had 78  Gy/39 fr and 15 patients 
76  Gy/38 fr, and in the VHR group, 7 patients had 
78 Gy/39 fr and 4 patients 76 Gy/38 fr. In addition, one 
patient (HR) developed subarachnoid hemorrhage (SAH) 
during the treatment period and discontinued treatment 
at 32 Gy/16 fr (Supp. B).

HTx
HTx was decided at the discretion of the attending 
urologists. Neoadjuvant HTx (NAHT) was performed 
in 95 patients, including LR: 1 (/7 = 14.3%), good IR: 
15 (/25 = 60.0%), poor IR: 33 (/42 = 78.6%), HR: 35 
(/39 = 89.7%), and VHR: 11 (/11 = 100%). Of these, 92 
were performed in combination with TPUS-IGRT; in one 
case, HTx was started almost simultaneously with the 
start of TPUS-IGRT. HTx combined with EBRT was used 
in 93 patients. Eighty-four (67.7%) had a PSA of < 1.0, 39 
(31.5%) had a PSA of ≥ 1.0, and 1 was unknown at the 
most recent start of TPUS-IGRT. Of the 39 patients with 
PSA ≥ 1.0, 29 had not undergone NAHT. Adjuvant HTx 

(AHT) was performed in 85 patients after completion of 
EBRT, ranging from 1 to 65 months (median 13 months). 
Twenty-seven patients received 1–6  months, and 58 
patients received > 6 months (Supp. C).

Follow‑up after TPUS‑IGRT/data analysis
Progress after the TPUS-IGRT period was collected 
from medical records and other medical information. If 
the information could not be obtained from the medi-
cal record, it was collected by telephone contact with the 
patient or by paper questionnaire. The final month of fol-
low-up was February 2023. Patients could be followed up 
except for one patient who developed SAH during TPUS-
IGRT and discontinued treatment (HR group; treatment 
was discontinued at 32 Gy/16 fr).

PSA relapse was defined according to the Phoenix 
determination method [15].

Toxicity was determined according to the Common 
Terminology Criteria for Adverse Events (CTCAE) Ver-
sion 4.0 (by the National Cancer Institute).

OS, bPFS and genitourinary (GU)/gastrointestinal (GI) 
organ late toxicity (≥ grade 2) incidence curves were gen-
erated using Kaplan‒Meier analysis.

Univariate (UA) and multivariate (MA) analyses were 
performed for factors of PSA relapse and late GU/GI 
toxicity (≥ Grade 2). The χ2 test or Cox regression model 
was used for UA, and the Cox regression model was used 
for MA. The factors for PSA relapse were age, T stage, 
Gleason score group (GSG), PSA level at initial diagno-
sis, PSA level at the start of EBRT, NAHT duration, PTV 
margin, RTPIFM status (6 patients who started RTPIFM 
in the middle of EBRT duration were included in the 
"no" category), and AHT duration. Factors for late toxic-
ity included age, history of anticoagulant use, history of 
diabetes, NAHT duration, PTV margin, RTPIFM status, 
NAHT duration, presence or absence of acute onset of 
Grade 2 or higher, and AHT duration.

Significance difference tests were considered significant 
at p < 0.05.

Result
We present the results of the analysis of 123 patients, 
excluding one patient who discontinued TPUS-IGRT due 
to SAH (no RTPIFM for all fractions).

OS/bPFS
The median observation period was 47  months 
(3–80 months).

The 5-year OS was 95.9% (Fig. 1a), and no patient died 
of the current disease.

The 5-year bPFS by risk was LR: 100%, IR: 92.9%, and 
HR/VHR: 93.2%. (p = 0.6747, log-rank test) (Fig. 1b).
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Factors of PSA relapse were analyzed by age (< 75 y 
vs ≥ 75 y), T stage, Gleason score group (GSG, ≤ 2 vs. ≥ 3), 
PSA at diagnosis, PSA immediately before TPUS-IGRT 
(< 0.1 vs ≥ 0.1), NAHT duration, SI margin (5  mm vs 
7  mm), RTPIFM status, and AHT duration. Only "PSA 
at diagnosis" was significant for both UA/MA (UA: 
p = 0.0098, MA: p = 0.0106), while the other factors were 
not significant (Table 2).

Toxicity
The incidence of Grade 2 or higher acute toxicity was 15 
(12.2%) for GU organs and 25 (20.3%) for GI organs.

The 5-year incidence of Grade 2 or higher late toxic-
ity was 7.4% in the GU organ and 6.5% in the GI organ 
(Fig.  2a). When analyzed by dose, the incidence rates 

were 4.4% at ≤ 76 Gy/5 years and 13.5% at 78 Gy/4 years 
for GU organs (p value: 0.0922 @ log-rank test, Fig. 2b), 
3.0% at ≤ 76 Gy/5 years and 12.8% at 78 Gy/4 years for GI 
organs (p value: 0.0221 @ log-rank test, Fig. 2c). Both GU 
and GI were higher in the 78  Gy group, but significant 
differences were detected only in GI.

Three patients developed Grade 3, two of whom had 
rectal bleeding (9 and 15  months after completion of 
TPUS-IGRT) and one had erectile dysfunction (ED) 
52 months after TPUS-IGRT. The two patients with rec-
tal bleeding were both in the 78 Gy group and had been 
on HD, and both were treated with hyperbaric oxygena-
tion (HBO) and recovered. One patient with ED was 
in the 76  Gy group and received hormone therapy for 
53 months after TPUS-IGRT.

Fig. 1 a An overall survival. 5y: 95.9%; No patients had cause‑specific death. b bPFS. 5y: bPFS; LR: 100%; IR: 92.90%; HR/VHR: 93.20%; p = 0.6747 
(log‑rank test). bPFS, biological prostate‑specific antigen relapse‑free survival; LR, low risk; IR, intermediate risk; HR, high risk; VHR, very high risk
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Factors for the development of late toxicity of Grade 
2 or higher were age, presence of anticoagulants, pres-
ence of diabetes, NAHT duration, PTV margin (SI, 5 mm 
vs. 7  mm), RTPIFM status, early toxicity of Grade 2 or 
higher, and AHT duration. The results showed that late 
GU toxicity was significantly higher in cases of early 
toxicity of Grade 2 or higher (p value UA: 0.0037, MA: 
0.0062) and in the AHT duration (p value UA: 0.0146, 
MA: 0.0121). In GI, the 5 mm margin group was analyzed 
as significantly higher in MA for the SI margin (vs. 7 mm) 
(p = 0.0303). No significant differences were detected 
otherwise (Table 3).

Discussion
bPFS
In radical EBRT for prostate cancer, InterPM of the pros-
tate is an issue in local control. Although we cannot com-
pare the results of TPUS-IGRT in our study with those of 
patients in which TPUS-IGRT was not performed, at this 
time, we believe that the results of TPUS-IGRT in our 
study are generally comparable to those of other CDFRT 
with IGRT [7–9, 16] (Table  4). In our study, approxi-
mately 1/3 of the fractions that underwent RTPIFM 
underwent recorrection during RTPIFM. Despite the 
fact that the PTV margin was set as narrow as possible to 
reduce late rectal toxicity, the results are considered not 
inferior to other IGRT treatment outcomes. However, we 
consider it very difficult to evaluate whether the results 
of our study are superior to those reported by other 
researchers because of differences in patient background, 
HTx duration and concomitant use, and the proportion 
of each risk.

Several authors have reported a dose-dependent 
improvement in bPFS [17–23]. In our study, we com-
pared the 4-year bPFS of patients treated with ≤ 76  Gy 
and 78  Gy in terms of poor IR and HR/VHR. Poor IR: 
96.4% (n = 28) in the ≤ 76 Gy group and 85.7% (n = 14) in 
the 78 Gy group, p = 0.5169 (Supp D1). HR/VHR: 89.5% 
(n = 19) for the 76  Gy group and 95.0% (n = 30) for the 
78  Gy group, p = 0.3769 (bPFS: Kaplan‒Meier method, 
p value: log-rank test) (Supp D2). In both groups, there 
was no significant difference. Given the relatively short 
median observation period of 47 months, more time will 
be needed to evaluate the dose dependence in the HR/
VHR group. On the other hand, considering that the 
5-year bPFS in the poor IR group was 96.4%, even in the 
76 Gy group, 78 Gy may not be necessary in TPUS-IGRT.

Late toxicity
Late toxicity of grade 2 or higher was in the 7% GU and 
6% GI range, which is almost comparable to other IGRT 
reports [7–9, 16]. However, when compared to the group 
receiving ≤ 76 Gy and the group receiving 78 Gy, the lat-
ter was higher.

Regarding GI toxicity, the dosimetric factor of the rec-
tum was not evaluated in our study. Rectal V70 (percent-
age of rectal volume irradiated with 70 Gy or more) has 
been shown to be a significant factor in the presence 
or absence of rectal injury [24, 25]. Our study did not 
employ intensity-modulated radiotherapy (IMRT), and it 
is possible that the V70 of the rectum in the 78 Gy group 
was higher than that assuming IMRT was employed. On 
the other hand, the incidence of grade 2 in the ≤ 76  Gy 
group was in the 3% range, which is comparable to or 
lower than other reports of IGRT [7–9, 16].

The MA of GI late toxicity showed that the SI mar-
gin was significantly higher in the 5  mm group than in 
the 7 mm group. This may be related to the fact that all 
55 patients (one patient out of 56 was excluded from 
data analysis.) with a 7  mm SI margin received a dose 
of ≤ 76 Gy, while 44 of the 68 patients with a 5 mm mar-
gin received 78  Gy. In other words, the data from this 
study suggest that dose has a greater effect than SI mar-
gin on GI late toxicity for Grade 2 or higher.

Alicikus et al. [26] reported that the onset of GU acute 
grade 2 or higher was a statistical predictor of late GU 
grade 2 or higher, which is consistent with the results of 
our study.

Although there were no grade 4 or higher cases, two 
grade 3 patients had GI (HBO for rectal bleeding), and 
one had GU (ED). Both GI patients received 78 Gy with 
full RTPIFM and had a history of long-term HD due 
to chronic renal failure (CRF). In patients with CRF, 
there are reports [27, 28] suggesting pathologic changes 
in vascular abnormalities of colonic mucosal tissue. 

Table 2 Statistical analyses of predictors for the 5‑year bPFS, p 
values

The p values for which significant differences were detected are underlined

bPFS, biological PSA-free survival; NAHT, neoadjuvant hormonal therapy; AHT, 
adjuvant hormonal therapy; UA, univariate analysis; MA, multivariate analysis

Others as in Table 1

Factor p value

UA MA

Age (< 75y vs ≥ 75y) 0.1942 0.2236

T stage 0.1384 0.1569

GSG (≤ 2 vs ≥ 3) 0.0706 0.0933

PSA at diagnosis 0.0098 0.0106

PSA just before EBRT (< 0.1 vs ≥ 0.1, ng/
ml)

0.1435 0.1745

NAHT duration 0.6936 0.6884

RTPIFM status (yes vs no) 0.3853 0.9248

AHT duration 0.3326 0.3536
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Considering the possibility of impaired tissue repair, we 
cannot find any reason to exclude the possibility of vul-
nerability to radiation tolerance in these two patients. In 
the present study, the use of RTPIFM in the case of the 
high dose of 78  Gy did not seem to avoid consequent 
damage, and a reduction in the prescribed dose may be 
necessary if IMRT is not used in long-term HD patients.

One case of ED was treated with 76  Gy without 
RTPIFM and continued AHT for 53  months after com-
pletion of TPUS-IGRT. EBRT [29] and HTx [30] have 
been cited as causes of ED as complications of LPCa 
treatment. One case of ED is thought to be possibly due 
to long-term HTx, although the influence of TPUS-IGRT 
cannot be ruled out.

Significance of RTPIFM in InterPM and IntraPM
The prostate is known as an organ that often shows inter-
nal migration and displacement. To improve bPFS and 
reduce toxicity, it is considered useful to take measures 
to minimize displacement as much as possible and to use 
IGRT to correct the position of the displaced prostate.

Crevoisier et al. [31] reported a randomized study com-
paring the outcomes of CDFRT between a group that 

received IGRT once a week (n = 234) and a group that 
received IGRT every time (n = 236). IGRT was performed 
by cone-beam CT or ultrasound imaging immediately 
prior to irradiation for InterPM detection/correction. 
They reported significantly better bPFS and less late 
rectal toxicity in the latter group. Their report suggests 
that InterPM correction by repeated IGRT is useful for 
improving bPFS and reducing rectal toxicity.

To the best of our knowledge, there have been no com-
parative studies to determine whether IntraPM meas-
ures significantly differ in outcome or toxicity between 
CDFRT with and without IntraPM measures. In the case 
of SBRT, IntraPM countermeasures are also considered 
important because a large dose is administered per frac-
tion. Here, it will be necessary to consider the signifi-
cance of IntraPM measures in CDFRT, which has much 
larger fractions and smaller fraction size than SBRT.

Of the 4726 fractions in our study, 1591 fractions 
(33.7%) were without RTPIFM, and the actual status 
of IntraPM in those fractions is unknown. Of the 85 
patients and 3135 fractions with RTPIFM in our study, 
1008 fractions (32.1%) were recorrected at least once. 
Using this ratio, 511 fractions (32.1% of 1591 fractions 
without RTPIFM) had IntraPM to the extent that they 

Fig. 2 a GU and GI ≥ G2 late toxicity. Late toxicity rate 5y: GU 7.40%, GI: 6.50%. b GU ≥ G2 late toxicity ≤ 76 Gy vs 78 Gy. Late toxicity rate: ≤ 76 Gy 
4.4% (5 y); 78 Gy 13.5% (4 y); p = 0.0922 Logrank test. c GI ≥ G2 late toxicity ≤ 76 Gy vs 78 Gy. Late toxicity rate: ≤ 76 Gy 3.0% (5 y); 78 Gy 12.8% (4 y); 
p = 0.0221 Logrank test. GU, genitourinary; GI, gastrointestinal; G2, grade 2
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needed to be recorrected. Those fractions would cause a 
"partial shot omission" inside the CTV, which could cause 
some areas of the prostate to be underdosed. It can cause 
a decrease in bPFS.

Tong et al. [32], in a study using EMT, found that the 
percentage of fractions with displacements of 5  mm or 
more for 30  s or longer was 4.6%, while the percentage 
of fractions with displacements of 3  mm or more for 
30  s or longer was 27.2%. In a CAS study, Baker et  al. 
[33] reported that the percentage of fractions with dis-
placements of 2  mm or more in the RL/anterior–pos-
terior/SI direction was 2%, 10%, and 4%, respectively, 
among 10 patients and 51 fractions. Richardson et  al. 
[34] found that of 20 patients with 526 fractions treated 
with RTPIFM, an average of 24% of the total time was 
spent with a displacement of 3 mm or more in the rectal 
direction.

In YCHS, we only instructed patients to urinate 30 min 
to 1 h before treatment and drink 200–500 ml of water 
afterward and to store urine. The time and amount of 
water to store and drink depended on the patient’s condi-
tion, and we did not establish a strict protocol to main-
tain good patient compliance with treatment.

The proportion of fractions recorrected by IntraPM in 
our study is likely to be comparable or higher than in the 
above three studies, but this may be related to the het-
erogeneity of pretreatment from patient to patient. Nev-
ertheless, the bPFS seems generally comparable to other 
CDFRT reports [7–9, 16].

While CAS may contribute as a meaningful modality 
to maintain good bPFS while maintaining good patient 
compliance with treatment by modifying its position 
relative to InterPM, no significant differences in bPFS 

or late toxicity were detected between case groups with 
and without RTPIFM, although this is not a randomized 
study. However, from the viewpoint of dose uniformity 
to the prostate and reduction of rectal irradiation vol-
ume, we cannot immediately conclude the significance of 
RTPIFM in CDFRT at this point based on these results. 
The number of patients and follow-up period may not 
be sufficient to verify the significance of RTPIFM in our 
study, and it may be necessary to consider the effect of 
the different PTV margin margins (wider in the without 
RTPIFM group) in the with RTPIFM/without RTPIFM 
group.

Application of TPUS‑IGRT to hypofractionated 
radiotherapy
CDFRT has a long history as a curative EBRT modality 
for LPCa. On the other hand, Brenner and Hall proposed 
that the α/β ratio of prostate cancer is 1.5 Gy [35], which 
is as small as the late response of surrounding organs. 
Accordingly, EBRT with increased fraction size is also 
being performed.

In addition to SBRT [13, 14], moderate hypofraction-
ated radiotherapy (m-HpoRT) with a fraction size of 
2.5  Gy/fr is also used [36]. The strategy to improve the 
local control rate by increasing the fraction size tak-
ing advantage of the low α/β ratio of prostate cancer is 
attractive, and the application of TPUS-IGRT to SBRT 
and m-HpoRT is well worth considering.

However, in EBRT without IMRT, as in our study, the 
risk of developing GI late toxicity should be considered.

According to Brand et al. [37], for G1 + rectal bleeding, 
one of the most objective endpoints, the α/β ratio 95% 
confidence interval upper bound was < 3  Gy. Using this 
3 Gy value, the EQD2 (equivalent dose in 2 Gy fractions) 
for rectal late toxicity is calculated when the rectum is 
irradiated with the dose prescribed for curative prostate 
cancer: EQD2 = 77  Gy for 70  Gy/28 fr [36] irradiation 
and 35–40  Gy/5 fr [13] irradiation, EQD2 = 70–88  Gy. 
Considering that "GI late toxicity Grade 2 or higher was 
significantly higher in the 78  Gy/39 fr group (in other 
words, above 76  Gy/38 fr)" in our study, when TPUS-
IGRT is applied to SBRT and m-HpoRT, techniques to 
reduce the volume of rectal irradiation using IMRT may 
be necessary.

Limitations of our study
This is not a randomized study with or without TPUS-
IGRT, and it is not possible to accurately assess the extent 
to which bPFS, GU and GI toxicity changed with or with-
out TPUS-IGRT itself.

TPUS-IGRT is performed in conditions where IMRT 
is not performed due to facility limitations, and there is 
room for IMRT concomitant use, especially to reduce GI 

Table 3 Statistical analyses of predictors for late toxicity, p values

The p values for which significant differences were detected are underlined

GU, genitourinary; G2, grade 2; GI, gastrointestinal; NA; not applicable

Others as in Tables 1 and 2

GU, ≥ G2 GI, ≥ G2

p value p value

UA MA UA MA

Age 0.8583 0.8686 0.2372 0.1599

Anticoagulant 0.3145 0.3065 0.2753 0.2471

Diabetes 0.2831 0.2753 0.9302 0.8010

NAHT duration 0.8349 0.8247 NA NA

SI margin (5 mm vs 7 mm) 0.8162 0.1691 0.0581 0.0303

RTPIFM status (Yes vs No) 0.8983 0.4800 0.222 0.1092

GU acute toxicity ≥ G2 0.0037 0.0062 NA NA

AHT duration 0.0146 0.0121 NA NA

GI acute toxicity ≥ G2 NA NA 0.5767 0.7753
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toxicity. Viani et al. [38], in a comparative study of IMRT 
and three-dimensional conformal radiotherapy (3D-
CRT), found no significant difference in bPFS between 
IMRT and 3D-CRT, but late GI toxicity was significantly 
lower with IMRT.

CAS is not equipped with a mechanism to record 
beam-on time (BOT). Our study is a retrospective study, 
it is not possible to obtain data on BOT, therefore BOT 
cannot be included in the evaluation of intraPM.

In addition, 17 of the 123 patients (13.8%) included in 
the analysis had a relatively short follow-up period of 
2 years or less, and thus, the long-term outcome and late 
toxicity have not yet been sufficiently evaluated. Further 
follow-up is needed to confirm long-term outcomes.

Conclusion
Under the circumstance that approximately 1/3 of the 
RTPIFM fractions underwent recorrection, the above 
mid-term results suggest that TPUS-IGRT is well toler-
ated in CDFRT, as the bPFS and late toxicity rates are 
almost comparable to those reported by other authors for 
CDFRT with IGRT. In the poor IR/HR/VHR comparison 
between the ≤ 76 Gy group and the 78 Gy group, the inci-
dence of Grade 2 or higher GU and GI late toxicity was 
higher in the 78  Gy group. Special considerations may 
be necessary, such as dose reduction, even when TPUS-
IGRT is used, especially in patients with suspected intol-
erance to radiation, such as those on HD.

Abbreviations
EBRT  External beam radiotherapy
LPCa  Localized prostate cancer
bPFS  Biological prostate‑specific antigen relapse‑free survival rate
IntraPM  Intrafractional prostate motion
InterPM  Interfractional prostate motion
IGRT   Image‑guided radiotherapy
HR  High risk
EMT  Electromagnetic transponders
Linac  Linear accelerator
MRI  Magnetic resonance imaging
CAS  Clarity autoscan system
SBRT  Stereotactic body radiotherapy
CDFRT  Conventional dose‑fractionated EBRT
YCHS  Yamagata City Hospital Saiseikan
OS  Overall survival
TPUS‑IGRT   Transperineal ultrasound image‑guided radiotherapy
CT  Computed tomography
HTx  Hormonal therapy
PSA  Prostate‑specific antigen
NCCN  National Comprehensive Cancer Network
LR  Low risk
IR  Intermediate risk
VHR  Very high risk
HD  Hemodialysis
RA  Rheumatoid arthritis
WS  Workstation
RPV  Reference positioning volume
CTV  Clinical target volume
IC  Isocenter
PTV  Planning target volume
SI  Superior‑inferior side

RL  Right‑left side
RTPIFM  Real‑time prostate intrafraction monitoring
SAH  Subarachnoid hemorrhage
NAHT  Neoadjuvant HTx
AHT  Adjuvant HTx
CTCAE  Common terminology criteria for adverse events
GU  Genitourinary
GI  Gastrointestinal
UA  Univariate analysis
MA  Multivariate analysis
GSG  Gleason score group
ED  Erectile dysfunction
HBO  Hyperbaric oxygenation
IMRT  Intensity‑modulated radiotherapy
CRF  Chronic renal failure
m‑HpoRT  Moderate hypofractionated radiotherapy
3D‑CRT   Three‑dimensional conformal radiotherapy
BOT  Beam‑on time

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13014‑ 024‑ 02490‑x.

Supplementary Material 1.

Supplementary Material 2.

Supplementary Material 3.

Supplementary Material 4.

Supplementary Material 5.

Acknowledgements
We would like to thank the CAS personnel at Elekta Corporation for their 
assistance in setting up the equipment and providing on‑the‑job training. We 
believe that CAS is very useful in IGRT for prostate cancer. As an end‑user, we 
sincerely hope that CAS will continue to be supplied for a long time to the 
future.

Author contributions
KT: Wrote the main manuscript text, tables, and drown Figures 1a–2c. RW: 
Prepared supplementary files. KH, YI, NM, YS: Counted and rechecked real‑
time intraprostatic irradiation monitoring (RTPIFM) data. YM: Confirmation 
of RTPIFM data. KN: Advice and revision instructions for the entire paper. All 
authors reviewed the manuscript.

Funding
No funding.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not 
publicly available due [REASON WHY DATA ARE NOT PUBLIC] but are available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Our study was reviewed and approved by the Ethics Committee of Yamagata 
City Hospital Saiseikan.
This is a retrospective study using data from a database that does not identify 
patients, and the Ethics Committee has waived the need to obtain consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

https://doi.org/10.1186/s13014-024-02490-x
https://doi.org/10.1186/s13014-024-02490-x


Page 11 of 12Takai et al. Radiation Oncology          (2024) 19:100  

Received: 14 September 2023   Accepted: 16 July 2024

References
 1. Andic F, Izol V, Gokcay S, Arslantas HS, Bayazit Y, Coskun H, Sertdemir Y. 

Definitive external‑beam radiotherapy versus radical prostatectomy in 
clinically localized high‑risk prostate cancer: a retrospective study. BMC 
Urol. 2019;19:1–9. https:// doi. org/ 10. 1186/ s12894‑ 018‑ 0432‑6.

 2. Cheng X, Wang ZH, Peng M, Huang ZC, Yi L, Li YJ, Yi L, Luo WZ, Chen JW, 
Wang YH. The role of radical prostatectomy and definitive external beam 
radiotherapy in combined treatment for high‑risk prostate cancer: a 
systematic review and meta‑analysis. Asian J Androl. 2020;22(4):383–9.

 3. Stuk J, Vanasek J, Odrazka K, Dolezel M, Kolarova I, Hlavka A, Vitkova M, 
Sinkorova Z. Image‑guided radiation therapy produces lower acute and 
chronic gastrointestinal and genitourinary toxicity in prostate cancer 
patients. J BUON. 2021;26(3):940–8.

 4. Becker‑Schiebe M, Abaci A, Ahmad T, Hoffmann W. Reducing radiation‑
associated toxicity using online image guidance (IGRT) in prostate cancer 
patients undergoing dose‑escalated radiation therapy. Rep Pract Oncol 
Radiother. 2016;21(3):188–94.

 5. Soete G, Verellen D, Storme G. Image guided radiotherapy for prostate 
cancer. Bull Cancer. 2008;95(3):374–80.

 6. Zelefsky MJ, Kollmeier M, Cox B, Fidaleo A, Sperling D, Pei X, Hunt M. 
Improved clinical outcomes with high‑dose image guided radiotherapy 
compared with non‑IGRT for the treatment of clinically localized prostate 
cancer. Int J Radiat Oncol Biol Phys. 2012;84(1):125–9.

 7. Takeda K, Takai Y, Narazaki K, Mitsuya M, Umezawa R, Kadoya N, Yamada 
S. Treatment outcome of high‑dose image‑guided intensity‑modulated 
radiotherapy using intra‑prostate fiducial markers for localized prostate 
cancer at a single institute in Japan. Radiat Oncol. 2012;7:1–9.

 8. Martin JM, Bayley A, Bristow R, Chung P, Gospodarowicz M, Menard 
C, Milosevic M, Rosewall T, Warde PR, Catton CN. Image guided dose 
escalated prostate radiotherapy: still room to improve. Radiat Oncol. 
2009;4:50.

 9. Kobayashi M, Hatano K, Fukasawa S, Komaru A, Namekawa T, Imagumbai 
T, Araki H, Hara R, Ichikawa T, Ueda T. Therapeutic outcomes of neoadju‑
vant and concurrent androgendeprivation therapy and intensity‑modu‑
lated radiation therapy with gold marker implantation for intermediate‑
risk and high‑risk prostate cancer. Int J Urol. 2015;22:477–82.

 10. Mantz C. A phase II trial of stereotactic ablative body radiotherapy for 
low‑risk prostate cancer using a non‑robotic linear accelerator and real‑
time target tracking: report of toxicity, quality of life, and disease control 
outcomes with 5‑year minimum follow‑up. Front Oncol. 2014;4:279. 
https:// doi. org/ 10. 3389/ fonc. 2014. 00279.

 11. Tocco BR, Kishan AU, Ma TM, Kerkmeijer LG, Tree AC. MR‑guided radio‑
therapy for prostate cancer. Front Oncol. 2020;10:616291. https:// doi. org/ 
10. 3389/ fonc. 2020. 616291.

 12. Grimwood A, McNair HA, O’Shea TP, Gilroy S, Thomas K, Bamber JC, Harris 
EJ. In vivo validation of Elekta’s clarity autoscan for ultrasound‑based 
intrafraction motion estimation of the prostate during radiation therapy. 
Int J Radiat Oncol Biol Phys. 2018;102(4):912–21.

 13. Lee EK, Leung RW, Luk HS, Wo BB. Early toxicities of ultrahypofraction‑
ated stereotactic body radiotherapy for intermediate risk localized 
prostate cancer using cone‑beam computed tomography and real‑time 
three‑dimensional transperineal ultrasound monitoring. Radiat Oncol J. 
2021;39(3):239–45.

 14. Di Franco R, Borzillo V, Alberti D, Ametrano G, Petito A, Coppolaro A, Muto 
P. Acute toxicity in hypofractionated/stereotactic prostate radiotherapy 
of elderly patients: use of the image‑guided radio therapy (IGRT) clarity 
system. In Vivo. 2021;35(3):1849–56.

 15. Roach M 3rd, Hanks G, Thames H Jr, Schellhammer P, Shipley WU, Sokol 
GH, Sandler H. Defining biochemical failure following radiotherapy with 
or without hormonal therapy in men with clinically localized prostate 
cancer: recommendations of the RTOG‑ASTRO Phoenix Consensus. Int J 
Radiat Oncol Biol Phys. 2006;65(4):965–74.

 16. Tanaka H, Yamaguchi T, Hachiya K, Kamei S, Ishihara S, Hayashi M, Matsuo 
M. Treatment outcomes and late toxicities of intensity‑modulated radia‑
tion therapy for 1091 Japanese patients with localized prostate cancer. 
Rep Pract Oncol Radiother. 2018;23(1):28–33.

 17. Kuban DA, Tucker SL, Dong L, Starkschall G, Huang EH, Cheung 
MR, Pollack A. Long‑term results of the MD Anderson randomized 
dose‑escalation trial for prostate cancer. Int J Radiat Oncol Biol Phys. 
2008;70(1):67–74.

 18. Peeters ST, Heemsbergen WD, Koper PC, van Putten WL, Slot A, Dielwart 
MF, Bonfrer JM, Incrocci L, Lebesque JV. Dose–response in radiotherapy 
for localized prostate cancer: results of the Dutch Multicenter rand‑
omized phase III trial comparing 68 Gy of radiotherapy with 78 Gy. J Clin 
Oncol. 2006;24(13):1990–6. https:// doi. org/ 10. 1200/ JCO. 2005. 05. 2530.

 19. Umezawa R, Inaba K, Nakamura S, Wakita A, Okamoto H, Tsuchida K, 
Kashihara T, Kobayashi K, Harada K, Takahashi K, Murakami N, Ito Y, Igaki 
H, Jingu K, Itami J. Dose escalation of external beam radiotherapy for 
high‑risk prostate cancer‑impact of multiple high‑risk factor. Asian J Urol. 
2019;6(2):192–9.

 20. Raziee H, Moraes FY, Murgic J, Chua ML, Pintilie M, Chung P, Ménard C, 
Bayley A, Gospodarowicz M, Warde P, Craig T, Catton C, Bristow RG, Jaffray 
DA, Berlin A. Improved outcomes with dose escalation in localized pros‑
tate cancer treated with precision image‑guided radiotherapy. Radiother 
Oncol. 2017;123:459–65.

 21. Pahlajani N, Ruth KJ, Buyyounouski MK, Chen DY, Horwitz EM, Hanks GE, 
Price RA, Pollack A. Radiotherapy doses of 80 Gy and higher are associ‑
ated with lower mortality in men with Gleason score 8 to 10 prostate 
cancer. Int J Radiat Oncol Biol Phys. 2012;82(5):1949–56.

 22. Michalski JM, Moughan J, Purdy J, Bosch W, Bruner DW, Bahary JP, Lau H, 
Duclos M, Parliament M, Morton G, Hamstra D, Seider M, Lock MI, Patel 
M, Gay H, Vigneault E, Winter K, Sandler H. Effect of standard vs dose‑
escalated radiation therapy for patients with intermediate‑risk prostate 
cancer: the NRG oncology RTOG 0126 randomized clinical trial. JAMA 
Oncol. 2018;4(6): e180039. https:// doi. org/ 10. 1001/ jamao ncol. 2018. 0039.

 23. Zelefsky MJ, Pei X, Chou JF, Schechter M, Kollmeier M, Cox B, Yamada 
Y, Fidaleo A, Sperling D, Happersett L, Zhang Z. Dose escalation for 
prostate cancer radiotherapy: predictors of long‑term biochemical 
tumor control and distant metastases‑free survival outcomes. Eur Urol. 
2011;60(6):1133–9.

 24. Vargas C, Martinez A, Kestin LL, Yan D, Grills I, Brabbins DS, Lockman DM, 
Liang J, Gustafson GS, Chen PY, Vicini FA, Wong JW. Dose‑volume analysis 
of predictors for chronic rectal toxicity after treatment of prostate cancer 
with adaptive image‑guided radiotherapy. Int J Radiat Oncol Biol Phys. 
2005;62(5):1297–308.

 25. Pederson AW, Fricano J, Correa D, Pelizzari CA, Liauw SL. Late toxic‑
ity after intensity‑modulated radiation therapy for localized prostate 
cancer: an exploration of dose‑volume histogram parameters to limit 
genitourinary and gastrointestinal toxicity. Int J Radiat Oncol Biol Phys. 
2012;82(1):235–41.

 26. Alicikus ZA, Yamada Y, Zhang Z, Pei X, Hunt M, Kollmeier M, Cox B, Zelef‑
sky MJ. Ten‑year outcomes of high‑dose, intensity‑modulated radiother‑
apy for localized prostate cancer. Cancer. 2011;117(7):1429–37.

 27. Abou‑Saif A, Lewis JH. Gastrointestinal and hepatic disorders in end‑stage 
renal disease and renal transplant recipients. Adv Renal Replace Ther. 
2000;3:220–30.

 28. Akagi Y. Colonic mucosal lesions in patients with chronic renal failure. 
Gastroenterol Endosc. 1982;24:519–31.

 29. Mahmood J, Shamah AA, Creed TM, Pavlovic R, Matsui H, Kimura M, 
Molitoris J, Shukla H, Jackson I, Vujaskovic Z. Radiation‑induced erectile 
dysfunction: recent advances and future directions. Adv Radiat Oncol. 
2016;1(3):161–9.

 30. Leslie R. Schover sexual healing in patients with prostate cancer on 
hormone therapy. 2015 ASCO EDUCATIONAL BOOK e562–566.

 31. Renaud de Crevoisier R, Bayar MA, Pommier P, Muracciole X, Pêne F, 
Dudouet P, Latorzeff I, Beckendorf V, Bachaud JM, Laplanche A, Supiot 
S, Chauvet B, Nguyen TD, Bossi A, Créhange G, Lagrange JL. Daily versus 
weekly prostate cancer image guided radiation therapy: phase 3 multi‑
center randomized trial. Int J Radiat Oncol Biol Phys. 2018;102(5):1420–9.

 32. Tong X, Chen X, Li J, Xu Q, Lin M, Chen L, et al. Intrafractional prostate 
motion during external beam radiotherapy monitored by a real‑time 
target localization system. J Appl Clin Med Phys. 2015;16(2):51–61.

 33. Baker M, Behrens CF. Determining intrafractional prostate motion using 
a four‑dimensional ultrasound system. BMC Cancer. 2016;16:484. https:// 
doi. org/ 10. 1186/ s12885‑ 016‑ 2533‑5.

https://doi.org/10.1186/s12894-018-0432-6
https://doi.org/10.3389/fonc.2014.00279
https://doi.org/10.3389/fonc.2020.616291
https://doi.org/10.3389/fonc.2020.616291
https://doi.org/10.1200/JCO.2005.05.2530
https://doi.org/10.1001/jamaoncol.2018.0039
https://doi.org/10.1186/s12885-016-2533-5
https://doi.org/10.1186/s12885-016-2533-5


Page 12 of 12Takai et al. Radiation Oncology          (2024) 19:100 

 34. Richardson AK, Jacobs P. Intrafraction monitoring of prostate motion 
during radiotherapy using the Clarity® autoscan transperineal ultrasound 
(TPUS) system. Radiography. 2017;23(4):310–3.

 35. Brenner DJ, Hall EJ. Fractionation and protraction for radiotherapy of 
prostate carcinoma. Int J Radiat Oncol Biol Phys. 1999;43(5):1095–101. 
https:// doi. org/ 10. 1016/ s0360‑ 3016(98) 00438‑6.

 36. Cuccia F, Fiorentino A, Corrao S, Mortellaro G, Valenti V, Tripoli A, De 
Gregorio G, Serretta V, Verderame F, Ognibene L, Lo Casto A, Ferrera G. 
Moderate hypofractionated helical tomotherapy for prostate cancer in a 
cohort of older patients: a mono‑institutional report of toxicity and clini‑
cal outcomes. Aging Clin Exp Res. 2020;32(4):747–53. https:// doi. org/ 10. 
1007/ s40520‑ 019‑ 01243‑1.

 37. Brand DH, Brüningk SC, Wilkins A, Fernandez K, Naismith O, Gao A, 
Syndikus I, Dearnaley DP, Tree AC, van As N, Hall E, Gulliford S, CHHiP Trial 
Management Group. Estimates of alpha/beta (α/β) ratios for individual 
late rectal toxicity endpoints: an analysis of the CHHiP trial. Int J Radiat 
Oncol Biol Phys. 2021;110(2):596–608. https:// doi. org/ 10. 1016/j. ijrobp. 
2020. 12. 041.

 38. Viani G, Hamamura AC, Faustino AC. Intensity modulated radiotherapy 
(IMRT) or conformational radiotherapy (3D‑CRT) with conventional 
fractionation for prostate cancer. Braz J Urol. 2019;45(6):1105–12.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/s0360-3016(98)00438-6
https://doi.org/10.1007/s40520-019-01243-1
https://doi.org/10.1007/s40520-019-01243-1
https://doi.org/10.1016/j.ijrobp.2020.12.041
https://doi.org/10.1016/j.ijrobp.2020.12.041

	Treatment outcome of localized prostate cancer using transperineal ultrasound image-guided radiotherapy
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Method
	Our study was reviewed and approved by the Ethics Committee of YCHS
	Patients
	Radiotherapy planningpatient setup for Linac
	Use of real-time prostate intrafractional monitoring (RTPIFM)
	Prescribedadministered dose
	HTx
	Follow-up after TPUS-IGRTdata analysis


	Result
	OSbPFS
	Toxicity

	Discussion
	bPFS
	Late toxicity
	Significance of RTPIFM in InterPM and IntraPM
	Application of TPUS-IGRT to hypofractionated radiotherapy

	Limitations of our study
	Conclusion
	Acknowledgements
	References


