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Evidence Appraisal Report 
 

Extreme hypofractionated radiotherapy (EHFRT) to treat 
localised prostate cancer 
 

Executive summary 

The aim of this review was to address the following research question: What is the clinical and 
cost effectiveness of extreme hypofractionated radiotherapy (EHFRT) to treat localised prostate 
cancer compared to standard care? 

We identified two randomised controlled trials evaluating the clinical effectiveness of EHFRT 
compared to either conventionally fractionated or moderately hypofractionated radiotherapy in 
39 or 20 fractions (Brand et al. 2019) or conventional fractionated radiotherapy in 39 fractions 
(Fransson et al. 2021, Widmark et al. 2019). We did not cover any randomised controlled trials that 
compared EHFRT to any other form of radical treatment (such as brachytherapy). These trials 
reported acute (Brand et al. 2019) or longer-term (Widmark et al. 2019) toxicity outcomes, as well 
as overall, failure-free, and distant-free survival, and quality of life outcomes.  

For both randomised controlled trials, there were no statistically significant differences in most 
toxicity outcomes between the EHFRT group and the control group at any point after treatment, 
except for an increase in urinary toxicity in the EHFRT group compared to the control group at 
one-year follow-up (Widmark et al. 2019). Similarly, there was no significant difference in the 
overall, failure-free, and distant free survival at five years between the treatment groups.  At the 
six-year follow-up, there was no difference in the incidence of clinically relevant deterioration 
between the groups for overall urinary, bowel, sexual and global health (Fransson et al. 2021). 

The three Canadian cost-utility analyses included in the health economic evidence review were 
assessed as partially applicable with serious limitations. The studies each found EHFRT to be the 
optimal strategy. One original cost-utility analysis found that EHFRT was more expensive and 
less effective than conventionally fractionated radiotherapy in people with localised prostate 
cancer. The model results were sensitive to changes in slot times for fraction delivery. EHFRT was 
cost effective compared with conventional fractionation without fiducial markers, if EHFRT was 
delivered in slot lengths of 15 minutes for all seven fractions of EHFRT, or if EHFRT was delivered 
as five fractions, with slot lengths of 20 minutes each. When EHFRT was compared with 
conventional fractionation with fiducial markers, the results were more favourable towards 
EHFRT. EHFRT was cost effective when seven fractions were delivered in slot lengths of 20 
minutes, or five fractions were delivered in slot lengths of 30 minutes. At a threshold of £20,000 
per QALY gained, there was a 31% probability that EHFRT is cost effective. 
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1. Purpose of the evidence appraisal report 

This report aims to identify and summarise evidence that addresses the following question: 
What is the clinical and cost effectiveness of extreme hypofractionated radiotherapy (EHFRT) to 
treat localised prostate cancer compared to standard care? 

Evidence Appraisal Reports are based on rapid systematic literature searches, with the aim of 
identifying robust clinical and economic evidence on health technologies. Researchers critically 
evaluate this evidence. The draft Evidence Appraisal Report is reviewed by experts and by Health 
Technology Wales multidisciplinary advisory groups before publication. 

 

2. Health problem 

In the UK, prostate cancer is the most common cancer among males, with around 52,300 new 
prostate cancer cases every year (2016-2018) (Cancer Research UK 2021) In Wales, every year, 
more than 2,500 men are diagnosed with prostate cancer, around 600 men die from prostate 
cancer, and around 21,000 men are living with prostate cancer (Prostate Cancer UK 2018). 

Radiation therapy, or radiotherapy, is a therapy that uses radiation as part of cancer treatment 
to control or kill cancer cells (National Cancer Institute 2019). Beams of radiation are directed at 
cancerous cells by a machine (National Cancer Institute 2019). Radiotherapy is usually delivered 
daily over several weeks (American Cancer Society 2019). This is known as one course of 
radiotherapy, and individual radiotherapy doses are often called fractions. For people with 
prostate cancer, standard practice is to have radiotherapy delivered in short sessions for five 
days a week, usually for four weeks.  

30% of patients diagnosed with prostate cancer in England during 2013 and 2014 had curative or 
palliative radiotherapy, as part of their primary cancer treatment (National Cancer Registration 
and Analysis Service 2018) This includes patients who had radiotherapy alone, and those who 
also had other treatments such as surgery to remove the tumour or chemotherapy. The stage of 
diagnosis strongly influences treatment options. Other factors are also important, such as 
whether the patient is generally well enough to tolerate the treatment, the patient’s age, and their 
own treatment preference (Cancer Research UK 2021). 

 

3. Health technology 

Ultra or extreme hypofractionated radiotherapy (EHFRT), is a radiotherapy treatment for localised 
prostate cancer. EHFRT is an adaptation to conventional external beam radiotherapy and delivers 
the same equivalent dosage of radiotherapy in fewer sessions or fractions. The topic proposer 
suggests that in NHS Wales this could lead to a reduction from 20 fractions to five or seven 
fractions. EHFRT can reduce treatment courses from four weeks to two weeks. 

EHFRT has the potential to deliver treatment in a more convenient way for patients by reducing 
the number of fractions that the radiotherapy dose is delivered, which may lead to cost savings 
for the health system. However, such treatments with increased fraction doses may raise 
concerns about higher risk of normal tissue toxicity and may require the use of advanced 
techniques with image-guided radiotherapy to avoid high doses to normal tissue adjacent to the 
prostate.  

A 2019 NICE guideline ‘Prostate cancer: diagnosis and management’ (NG131) recommends use of 
moderate hypofractionated radiotherapy of 20 fractions for people with prostate cancer unless 
contraindications are present, although the guideline does not refer to EHRFT specifically. Their 
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evidence review for radical radiotherapy aimed to determine the effectiveness of 
hypofractionated external beam radiotherapy versus conventional external beam radiotherapy; 
brachytherapy, as a monotherapy or as a boost in combination with external beam radiotherapy, 
versus conventional external beam radiotherapy (NICE 2019). 

In this evidence appraisal report, we define EHFRT as radiotherapy delivered in equal to or less 
than 7 fractions. The comparators of interest are conventionally fractionated or moderately 
hypofractionated radiotherapy, delivered in 20 or 39 fractions respectively, with a total dose of 
62 or 78 Gy. 

 

4. Clinical effectiveness 

For full details on the methods for this evidence review, see Section 11. The detailed criteria used 
to select evidence for the appraisal are outlined in Appendix 1. 

 Overview 

We identified three papers reporting two randomised controlled trials on the clinical use of 
EHFRT compared to either conventionally fractionated or moderately hypofractionated 
radiotherapy (Brand et al. 2019) or conventional fractionated radiotherapy (Widmark et al. 2019; 
Fransson et al. 2021). Details of the included studies can be found in Table 1. Brand et al. 2019 
reported acute toxicity outcomes from the PACE-B international, randomised controlled trial 
across 37 centres between August 2012 and January 2018. Both Widmark et al. (2019) and 
Fransson et al. (2021) reported outcomes from the HYPO-RT-PC randomised controlled trial done 
in 12 centres between July 2005 and November 2015. While Widmark et al. (2019) reported on the 
5-year clinical outcomes, Fransson et al. (2021) reported on the patient-reported quality-of-life 
(QOL) outcomes.  

Brand et al. (2019) used the NCCN (National Comprehensive Cancer Network) guideline to 
categorise low-risk or intermediate-risk disease. According to NCCN guidelines, a tumour at T1 
stage cannot be felt during digital rectal examination and is not found on imaging tests, but 
cancer is still present (NCCN 2020). At T2 stage, the tumour is felt during digital rectal 
examination and is found only in the prostate (NCCN 2020). At T3 stage, the tumour breaks 
through the outside layer of the prostate and may grow into the seminal vesicles (NCCN 2020). 
Brand et al. (2019) included patients at low-risk or intermediate-risk between stages cT1c–T2a. 
Widmark et al. (2019) and Fransson et al. (2021) included those with intermediate-to-high-risk 
prostate cancer, between stages as T1c−T3a, which was categorised according to the tumour, 
node, metastasis (TNM) classification system. In this system, the letters T, N and M describe 
different areas of cancer growth (NCCN 2020). T (tumour) refers to the size of the primary tumour 
and whether it has grown outside the prostate (NCCN 2020). N (node) refers to whether the cancer 
has spread to nearby lymph nodes (NCCN 2020). M (metastasis) refers to whether cancer has 
spread to distant parts of the body or metastasised (NCCN 2020) Studies that included people 
with prostate cancer with evidence of lymph node involvement and/or distant metastases (i.e., 
any N or M stage other than 0) were excluded. 

Outcomes reported include adverse events/toxicity, failure-free survival, overall survival, 
distant-free survival, and overall QOL outcomes at 6-year follow-up. Physician’s evaluation of 
urinary and bowel toxicity was done according to the Radiation Therapy Oncology Group (RTOG) 
morbidity scale. Patient-reported urinary and bowel problems and sexual function were 
evaluated with the validated PCSS questionnaire. This comprises questions with a response 
scale from 0 (“no problem/very good function”) to 10 (“many problems/very bad function”). 
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In our study selection criteria, our intervention group is EHFRT, delivered either as 36.25 Gy in five 
fractions over 1 to 2 weeks (Brand et al. 2019) or 42.7 Gy in seven fractions, 3 days per week for 2.5 
weeks (Fransson et al. 2021, Widmark et al. 2019). The key comparator or control group is 
conventionally fractionated or moderately hypofractionated radiotherapy which can be 78 Gy in 
39 fractions over 7.8 weeks or 62 Gy in 20 fractions over four weeks, respectively (Brand et al. 
2019) or 78.0 Gy in 39 fractions, five days per week for eight weeks (Fransson et al. 2021, Widmark 
et al. 2019).  

In the PACE-B trial (Brand et al. 2019) the insertion of three or more prostatic fiducial markers for 
both arms was strongly recommended for all patients. Although the use of fiducial markers were 
recommendations for both treatment groups, more patients in the EHFRT group received fiducial 
markers (303 [73%] of 415 patients) than the control group (245 [57%] of 432 patients). In the 
HYPO-RT-PC trial (Widmark et al. 2019; Fransson et al. 2021), fiducial markers were used in 90% of 
patients in both treatment groups: 530/591 for the control group and 528/589 for the EHFRT 
group. 

 

 Adverse events/toxicity 

The detailed results for these outcomes are listed in Table 2.  

In Brand et al. (2019), fewer patients treated with EHFRT experienced RTOG grade 2 or more severe 
gastrointestinal toxic effects at 12 weeks follow up when compared to the control group, but the 
difference between treatments was not statistically significant (10% of patients in EHFRT group 
versus 12% in control group; p = 0.38). Similarly, there was a lower, but not statistically 
significantly different, incidence of RTOG grade 2 or more severe genitourinary toxic effects for 
the EHFRT group: 23% of EHFRT patients versus 27% of the control group; p = 0.16).  

For Widmark et al. (2019), there was an increased frequency of acute physician-reported RTOG 
grade 2 or worse urinary toxicity in the EHFRT group at end of radiotherapy when compared to 
the control group, but the difference between treatments was not statistically significant (28% 
of patients in EHFRT group versus 23% in control group; p = 0.057). There were no significant 
differences in grade 2 or worse urinary or bowel late toxicity between the EHFRT group and the 
control group at any point after treatment, except for an increase in urinary toxicity in the EHFRT 
group compared to the control group at one-year follow-up (6% of patients versus 2% of patients; 
p = 0.0037). There was no difference between groups in frequencies at five years of RTOG grade 2 
or worse urinary toxicity (5% of patients for both EHFRT and control group; p = 1.00). No significant 
increases in late symptoms were found, except for increased urinary symptoms at one year 
follow-up, consistent with the physician-evaluated toxicity. 

 

 Failure-free survival, overall survival, and distant failure-free survival 

Outcomes for the intervention period population (n = 1,180) are listed in Table 2.  

One randomised controlled trial (Widmark et al. 2019) reported estimated failure-free survival, 
overall survival, and distant-free survival at five years. Failure-free survival refers to the absence 
of relapse, non-relapse mortality or addition of another systemic therapy (Palmer et al. 2015). The 
estimated failure-free survival at five years was 84% in both treatment groups (p = 0.99) and 
favoured neither treatment in its statistical significance. Overall survival refers to the length of 
time from either the date of diagnosis or the start of treatment for a disease, that patients 
diagnosed with the disease are still alive. There was no significant difference in the overall 
survival at five years between the treatment groups which was reported at 94% for the EHFRT 
group and 96% for the control group (p = 0.951). Distant failure-free survival is the length of time 
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after primary treatment ends that the patient survives without any signs or symptoms of 
prostate cancer. There was no significant difference in the outcomes for distant failure-free 
survival at five years between both treatment groups which was reported at 94% for the EHFRT 
group and 95% for the control group (p = 0.95). 

 

 Overall quality -of-life outcomes at 6-year follow-up 

1,165 patients (EHFRT: n = 583; control group: n = 582) were included in the QOL analysis in 
Fransson et al. (2021). 66% of 220 in the EHFRT group and 71% of 223 patients in the control group 
completed questionnaires at 6 years. The median follow-up was 48 months.  

At the six-year follow-up, there was no difference in the incidence of clinically relevant 
deterioration between the groups for overall urinary bother (28% of 120 for the EHFRT group 
versus 33% of 132 for the control group; p = 0.38). Similarly, for overall bowel bother (28% of 123 
versus 33% of 129; p = 0.33), for overall sexual bother (50% of 117 versus 60% of 126; p = 0.15), and 
global health 37% of 125 versus 42% of 134; p = 0.41) (Fransson et al. 2021). For the outcome global 
health/QOL, the EORTC (European Organization for Research and Treatment of Cancer) QLQ-C30 
scale 0–100 was used. Higher scores on QLQ-C30 function scales indicated higher levels of 
functioning. An increase of five or more from the baseline was considered to be a clinically 
relevant deterioration. Incidences of clinically relevant deterioration are based on the Prostate 
Cancer Symptom Scale (PCSS) questionnaire scale between 0 and 10 where an increase of 0·5 or 
more from the baseline was considered to be a clinically relevant deterioration. 
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Table 1. Included studies: design and characteristics 

Study reference Setting and Design Participants Interventions Outcomes Follow-up period Comments 

Brand et al. 
(2019) 

Randomised 
controlled trial 
 
Countries: UK, 
Ireland, and Canada  
 
Number of centres: 
37 
 
Study period: 
August 2012 – 
January 2018 

Number of participants: 874 
 
Age: 18 years and over 
 
Average age: 
EHFRT group: 69.6 years (65.3–73.8) 
 
Control group: 69.7 years (65.6–73.9) 
 
T stage: cT1c-T2a 
 
T stage (EHFRT): 
T1c: 76 (18%); T2a: 105 (25%); T2b: 81 (20%); 
T2c: 153 (37%) 
 
T stage (Control group): 
 
T1c: 78 (18%); T2a: 130 (30%); T2b: 57 (13%) 81; 
T2c: 167 (39%) 
 
Risk group: Low or intermediate 
 
EHFRT group: 
Low: 30 (7%) 
Intermediate: 385 (93%) 
 
Control group:  
Low: 38 (9%) 
Intermediate: 394 (91%) 
 
Inclusion criteria:  
 
Histological confirmation of prostate 
adenocarcinoma with a minimum of 10 
biopsy cores taken within 18 months of 
randomisation 
 

EHFRT group: 
 
n = 433 
 
Number of 
fractions: 5 
 
Total dose, Gy: 
36.25 and dose 
target of 40 Gy 
 
Total treatment 
time: 1–2 weeks  
 
Control group 
(conventionally 
fractionated or 
moderately 
hypofractionated 
radiotherapy): 
 
n = 441 
 
Number of 
fractions: 39 or 
20 
 
Total dose, Gy: 
centres were 
required to 
choose 78 or 62 
 
Total treatment 
time: 78 Gy in 39 
fractions over 7.8 
weeks or 62 Gy 

Adverse 
events/toxicity 
(gastrointestinal 
or genitourinary 
effects reported 
separately) 

12 weeks 18 patients from the 
EHFRT group and 9 
patients from the 
control group were 
not included in the 
acute toxicity 
analysis due to 
several reasons 
including: a transfer 
to different group, a 
withdrawal in 
consent, ineligibility, 
death, treatment 
choice and 
progression of 
disease.  
 
Results regarding 
late toxicity and 
biochemical control 
from PACE-B will be 
reported in the next 
3–4 years. 
 
The use of fiducial 
markers were 
recommendations 
for both treatment 
groups, although 
more patients in the 
EHFRT group 
received fiducial 
markers (303 [73%] 
of 415 patients) than 
the control group 
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Study reference Setting and Design Participants Interventions Outcomes Follow-up period Comments 

Patients belonging in one of the following 
risk groups according to the National 
Comprehensive Cancer Network 
(www.nccn.org):  

o Low risk: Clinical stage T1-T2a 
and Gleason ≤ 6 and PSA < 10 
ng/ml, or 

o Intermediate risk includes any 
one of the following: 
o Clinical stage T2b orT2c 
o PSA 10-20 ng/ml or 
o Gleason 3+4 
 

WHO performance status 0 – 2 
 
Exclusion criteria: 
 
Clinical stage T3 or greater 
 
Gleason score ≥ 4 + 3 
 
High risk disease defined by National 
Comprehensive Cancer Network 
 
Previous malignancy within the last 2 years 
(except basal cell carcinoma or squamous 
cell carcinoma of the skin), or if previous 
malignancy is expected to significantly 
compromise 5-year survival 
 
Prior pelvic radiotherapy 
 
Prior androgen deprivation therapy 
(including LHRH agonists and antagonists 
and anti-androgens) 
 
Life expectancy <5 years 
 

in 20 fractions 
over 4 weeks.  
 
Image guidance: 
Image-guided 
radiotherapy 
(preferably 
fiducial based) 
was mandated.  
 
Hormonal 
therapy: None 

(245 [57%] of 432 
patients). 
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Study reference Setting and Design Participants Interventions Outcomes Follow-up period Comments 

Medical conditions likely to make 
radiotherapy inadvisable e.g., inflammatory 
bowel disease, significant urinary symptoms 
 
Participation in another concurrent 
treatment protocol for prostate cancer 

Widmark et al. 
(2019) and 
Fransson et al. 
(2021) 

HYPO-RT-PC 
Randomised 
controlled trial 
 
Countries: Sweden 
and Denmark 
 
Number of centres: 
12 
 
Study period: July 
2005 – November 
2015 

Number of participants: 1200 patients were 
enrolled and 1180 were randomised 
 
Age: Men up to 75 years 
 
Average age: 
EHFRT group: 68 years (64–72) 
Control group: 69 years (65−72) 
 
T stage: T1c–T3a 
 
EHFRT group:  
T1c: 313 (53%); T2: 252 (43%); T3a: 24 (4%) 
Control group: 
T1c: 289 (49%); T2: 275 (47%); T3a: 27 (5%)  
 
Risk group: intermediate-to-high-risk 
 
EHFRT group:  
Intermediate risk: 527 (89%); High risk: 62 
(11%) 
Control group:  
Intermediate risk: 527 (89%); High risk: 64 
(11%)  
 
Inclusion criteria:  
 
WHO performance status between 0 and 2. 
 
Intermediate-to-high-risk prostate cancer 
was defined according to the TNM 

EHFRT group: 
 
n = 589 (583 in 
QOL analysis) 
 
Number of 
fractions: 7 
 
Total dose, Gy: 
42.7 
 
Total treatment 
time: 3 days per 
week for 2.5 
weeks (total of 16 
days). 
 
Control group 
(conventional 
fractionated 
radiotherapy): 
 
n = 591 (582 in 
QOL analysis) 
 
Number of 
fractions: 39 
 
Total dose, Gy: 
78.0 
 

Overall survival 
 
Disease 
progression 
(measured as 
failure-free 
survival) 
 
Distant 
metastasis -free 
survival 
 
Adverse 
events/treatment 
toxicity 
 
Quality of life 

Median follow up: 
4 years. 
 
6 year follow up 
for QOL analysis  

Widmark et al. (2019) 
reported the 5-year 
outcomes of the 
HYPO-RT-PC 
randomised, non-
inferiority, phase 3 
trial. Fransson et al. 
(2021) reported the 
patient-reported 
quality-of-life 
outcomes. 
 
In the HYPO-RT-PC 
trial, fiducial 
markers were used 
in 90% of patients in 
both treatment 
groups: 530/591 for 
the control group 
and 528/589 for the 
EHFRT group. 
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Study reference Setting and Design Participants Interventions Outcomes Follow-up period Comments 

classification system as T1c–T3a with one or 
two of the following risk factors: 

o Stage T3a 
o Gleason score of 7 or more 
o prostate-specific antigen 

concentration 10–20 ng/mL with 
no evidence of lymph node 
involvement or distant 
metastases. 
 

Exclusion criteria: 
 
Any other previous treatment for prostate 
cancer 
 
Previous diagnosis of other malignant 
diseases except for basal cell carcinoma of 
the skin or progression-free survival at least 
10 years after any previous tumour 
 
Inability to cooperate 
 
Any other form of disease that would 
interfere with the planned treatment (e.g., 
colitis). 

Total treatment 
time: 5 days per 
week for 8 weeks 
(total of 57 days). 
 
Image guidance  
 
EHFRT group:  
BeamCath: 61 
(10%); Fiducial 
markers: 528 
(90%) 
 
Control group:  
BeamCath: 61 
(10%); Fiducial 
markers: 530 
(90%)  
 
Hormonal 
therapy: None 

*Abbreviations: Gy: One gray; PSA: prostate-specific antigen; QOL: Quality-of-life;  
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Table 2. Extreme hypofractionated radiotherapy compared to conventional or moderately hypofractionated radiotherapy: outcomes 

Outcome Evidence source(s) Number of studies/participants Population Absolute effect Relative effect  

RTOG grade 2 or 
more severe 
gastrointestinal 
toxic effects (12 
weeks follow up) 

Brand et al. (2019) 

One randomised controlled trial (n = 
874) 
 
T stage: cT1c-T2a 
 
Risk group: Low or intermediate 

EHFRT group:  
(n = 415) 
 
Control group:  
(n = 432) 

EHFRT group: 43/415 (10%) 
 
Control group: 53/432 (12%) 

Mean difference: 
−1.9% (95% [CI] −6.2 to 
2.4; p = 0.38) 
 
(favours neither 
treatment) 

RTOG grade 2 or 
more severe 
genitourinary toxic 
effects (12 weeks 
follow up) 

Brand et al. (2019) 

One randomised controlled trial (n = 
874) 
 
T stage: cT1c-T2a 
 
Risk group: Low or intermediate 

EHFRT group:  
(n = 415) 
 
Control group:  
(n = 432) 

EHFRT group: 96/415 (23%) 
 
Control group: 118/432 (27%) 

Mean difference of 
−4.2% (95% [CI] −10.0 
to 1.7; p = 0.16) 
 
(favours neither 
treatment) 

Acute physician 
reported RTOG grade 
2 or worse urinary 
toxicity at the end of 
radiotherapy 

Widmark et al. 
(2019) 

One randomised controlled trial (n = 
1,180) 
 
T stage: T1c–T3a 
 
Risk group: intermediate-to-high-risk 

EHFRT group: 
(n = 569)  
 
Control group: 
(n = 578) 

EHFRT group: 
158/569 (28%) 
 
Control group: 
132/578 (23%) 
 
P = 0.057 
 
(favours neither treatment) 

NR 

Grade 2 or worse 
urinary toxicity at 1-
year follow-up 

Widmark et al. 
(2019) 

One randomised controlled trial (n = 
1,180) 
 
One randomised controlled trial (n = 
1180) 
 
T stage: T1c–T3a 
 
Risk group: intermediate-to-high-risk 

EHFRT group: 
(n = 528)  
 
Control group: 
(n = 529) 
 

EHFRT group:  
32/528 (6%)  
 
Control group: 13/529 (2%)  
 
P = 0.0037 
 
(favours control group) 

NR 
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Outcome Evidence source(s) Number of studies/participants Population Absolute effect Relative effect  

RTOG grade 2 or 
worse urinary 
toxicity at 5 year 
follow up 

Widmark et al. 
(2019) 

One randomised controlled trial (n = 
1180) 
 
T stage: T1c–T3a 
 
Risk group: intermediate-to-high-risk 

EHFRT group: 
(n = 243) 
 
Control group: 
(n= 249) 

EHFRT group:  
11/243 (5%)  
 
Control group: 12/249 (5%) 
 
P = 1.00 
 
(favours neither treatment) 

NR 

Estimated failure-
free survival at 5 
years 

Widmark et al. 
(2019) 

One randomised controlled trial (n = 
1,180) 
 
T stage: T1c–T3a 
 
Risk group: intermediate-to-high-risk 

EHFRT group: 
(n = 589)  
 
Control group: 
(n = 591) 

84% in both treatment groups. 
 
(95% [CI] 
80 to 87) in both treatment 
groups. 
 
P = 0.98 

HR: 1.002 (95% [CI] 
0.758 − 1.325; log-rank 
p = 0.99). 
 
(favours neither 
treatment) 

Overall survival at 5 
years  

Widmark et al. 
(2019) 

One randomised controlled trial (n = 
1180) 
 
T stage: T1c–T3a 
 
Risk group: intermediate-to-high-risk 

EHFRT group: 
(n = 589)  
 
Control group: 
(n = 591) 

EHFRT group:  
94%  
(95% [CI] 92 to 96) 
 
Control group: 
96% 
(95% [CI] 95 to 98) 
 
P = 0.951  

 
HR: 1.11, (95% [CI] 0.73 
to 1.69) 
 
(favours neither 
treatment) 

Distant failure-free 
survival at 5 years  

Widmark et al. 
(2019) 

One randomised controlled trial (n = 
1180) 
 
T stage: T1c–T3a 
 
Risk group: intermediate-to-high-risk 

EHFRT group: 
(n = 589)  
 
Control group: 
(n = 591) 

EHFRT group:  
94% 
(95% [CI] 91.5 to 96.0) 
 
Control group: 
95% 
(95% [CI] 92.5 to 96.8) 
 
P = 0.95  

HR: 0.99, (95% [CI] 
0.63 to 1.54) 
 
(favours neither 
treatment) 
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Outcome Evidence source(s) Number of studies/participants Population Absolute effect Relative effect  

Overall bother from 
all urinary 
symptoms at the 6-
year follow up (QOL 
analysis) 
 
PCSS=Prostate 
Cancer Symptom 
Scale. 

Fransson et al. 
(2021) 

One randomised controlled trial (n = 
1180) (QOL: n = 1165 patients) 
(EHFRT group = 583; Control group n = 
582) 
 
T stage: T1c–T3a 
 
Risk group: intermediate-to-high-risk 

EHFRT group: 
(n = 120)  
 
Control group: 
(n = 132) 

EHFRT group: 33/120 (28%) 
 
Control group: 43/132 (33%)  

Mean difference of 
5.1% (95% [CI] –4.4 to 
14.6); p = 0.38 
 
(favours neither 
treatment) 

Overall bother from 
sexual function at 
6-year follow up 
(QOL analysis) 
 
PCSS=Prostate 
Cancer Symptom 
Scale. 

Fransson et al. 
(2021) 

One randomised controlled trial (n = 
1180) (QOL: n = 1165 patients) 
(EHFRT group = 583; Control group n = 
582) 
 
T stage: T1c–T3a 
 
Risk group: intermediate-to-high-risk 

EHFRT group: 
(n = 117)  
 
Control group: 
(n = 126) 

EHFRT group: 
59/117 (50%) 
 
Control group: 75/126 (60%) 

Mean difference of 
9.1% (95 [CI] –1.4 to 
19.6); p = 0.15 
 
(favours neither 
treatment) 

Overall bowel bother 
at 6-year follow up 
(QOL analysis)  
 
PCSS=Prostate 
Cancer Symptom 
Scale. 

Fransson et al. 
(2021) 

One randomised controlled trial (n = 
1180) (QOL: n = 1165 patients) 
(EHFRT group = 583; Control group n = 
582) 
 
T stage: T1c–T3a 
 
Risk group: intermediate-to-high-risk 

EHFRT group: 
(n = 123)  
 
Control group: 
(n = 129) 

EHFRT group: 
34/123 (28%)   
 
Control group: 43/129 (33%) 

Mean difference of 
5.7% (95 [CI] –3.8 to 
15.2); p = 0.33 
 
(favours neither 
treatment) 

Global health/QOL 
at 6-year follow up 
(QOL analysis) 
 
EORTC QLQ-C30 
scale 0–100 

Fransson et al. 
(2021) 

One randomised controlled trial (n = 
1180) (QOL: n = 1165 patients) 
(EHFRT group = 583; Control group n = 
582) 
 
T stage: T1c–T3a 
 
Risk group: intermediate-to-high-risk 

EHFRT group: 
(n = 125)  
 
Control group: 
(n = 134) 

EHFRT group: 
46/125 (37%) 
 
Control group: 56/134 (42%) 

Mean difference of 
5.0% (95 [CI] –5.0 to 
15.0); p = 0.41 
 
(favours neither 
treatment) 
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 Ongoing trials 

We searched for ongoing randomised controlled trials that compared EHFRT with conventionally 
fractionated or moderately hypofractionated radiotherapy for localised prostate cancer. 

As listed in table 1, the follow up remains on-going for the PACE-B trial (Brand et al. 2019). Results 
regarding late toxicity and biochemical control from PACE-B will be reported in the next three to 
four years (Brand et al. 2019). 

We identified an additional ongoing randomised controlled trial which would be of relevance to 
the inclusion and exclusion criteria as detailed in appendix 1. The PACE C trial is open and 
recruiting patients with localised intermediate/high risk prostate cancer (ISRCTN17627211 2015). 
PACE-C will recruit 1182 patients who are not considered candidates for surgery, or who have 
declined surgery (see table 3 below). 
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Table 3. Summary of on-going randomised controlled trials. 

 

Study information Status Participants Research question & outcome measures 

Registration:  
NCT01584258  
https://doi.org/10.1186/ISRCTN17627211 
 
Protocol number: 12628 
 
Countries: 
Canada, England, Ireland, Northern 
Ireland, Scotland, United Kingdom, Wales. 
 
Follow-up: N/A 

Recruiting 
 
Last 
updated:  
01/02/2021 

Target 
recruitment: 
1182 
participants 
 
Population: 
Patients with 
localised 
intermediate/ 
high risk 
prostate cancer. 

Title: International randomised study of laparoscopic prostatectomy vs stereotactic body 
radiotherapy (SBRT) and conventionally fractionated radiotherapy vs SBRT for early-stage 
organ-confined prostate cancer 
 
Aims: To assess whether hypofractionated stereotactic body radiotherapy (SBRT) offers 
therapeutic benefit over prostatectomy or conventionally fractionated radiotherapy for 
people with early-stage organ-confined prostate cancer. Profound hypofractionation with 
SBRT has the potential to achieve equivalent tumour control rates compared to surgery and 
conventional radiotherapy while reducing radiation to normal tissues (bladder, rectal and 
penile bulb) and minimising radiation-induced side effects. 
 
Intervention: SBRT delivered with 36.25 Gy in 5 fractions  
 
Comparator: Conventional radiotherapy delivered with 60 Gy in 20 fractions 
 
Primary Outcome Measure: Freedom from biochemical (Phoenix definition) or re‐
commencement [PACE‐C] of androgen deprivation therapy, local recurrence, nodal 
recurrence and distant metastases) failure at 5 years post-randomisation. 
 
Secondary Outcome Measures:  
1. Toxicity assessment for surgical and SBRT arm: CTCAE and RTOG for acute and late toxicity. 
Clavien scale used to assess acute post-surgical complications for surgical patients only. 
2. Toxicity assessment for conventionally fractionated and SBRT arm: CTCAE and RTOG acute 
and late toxicity scoring 
3. Patient reported outcomes and quality of life assessment for all treatment arms: erectile 
function (IIEF-5), IPSS, Vaizey score, EPIC-26 and PR-25 
4. Disease-specific and overall survival 
5. Progression-free survival: radiographic, clinical or biochemical evidence of local or 
distant failure 
6. Commencement (PACE-A and PACE-B)/recommencement (PACE-C) of androgen 
deprivation therapy (LHRH analogues, anti-androgens, orchidectomy) 

https://doi.org/10.1186/ISRCTN17627211


Page 15 of 52 
 

EAR034 November 2021 
 

 
 

5. Health Economics 

 Health economic evidence review 

Appendix 3 (the health economics PRISMA diagram) summarises the selection of articles for 
inclusion in the health economic evidence review. The titles and abstracts of 2,964 records 
identified in the search for this research question were screened and 66 records were deemed 
potentially relevant. The full texts of these studies were reviewed against the inclusion/exclusion 
criteria and 53 studies were excluded.  

Six studies were selectively excluded, due to the existence of cost-utility analyses (Laviana et al. 
2016, Yu et al. 2014, Dvorak & Wazer 2010, Halpern et al. 2016, Pan et al. 2018, Tang et al. 2020). 

Four cost-utility analyses were selectively excluded due to the existence of more applicable 
evidence (Hodges et al. 2012, Parthan et al. 2012, Sher et al. 2014, Schumacher et al. 2020). The 
(Schumacher et al. 2020) US cost-utility analysis compared CT- and MRI-guided conventional 
fractionation and stereotactic body radiotherapy (SBRT). The remaining three cost-utility 
analyses were previously included in the 2019 evidence review for NICE NG131, but were selectively 
excluded from this evidence appraisal report (Hodges et al. 2012, Parthan et al. 2012, Sher et al. 
2014). NICE assessed the three US studies as having potentially serious limitations. The studies 
compared extremely hypofractionated radiotherapy using SBRT (36.5 Gy over 5 fractions) and 
conventional fractionation delivering total dose at 76–80 Gy over 38–40 fractions. The studies 
found that SBRT is cost saving and slightly more or slightly less effective than conventional 
fractionation, though SBRT was found to be cost effective unless QALYs are valued at over 
$500,000 each. 

Of thirteen potentially includable studies, three studies were included and are summarised in 
table 3 (Alyamani et al. 2021, Helou et al. 2017, Sharieff et al. 2016). All three studies are partially 
applicable with serious limitations. 

(Alyamani et al. 2021) compared conventionally fractionated intensity-modulated radiotherapy 
(IMRT) with hypofractionated IMRT, high dose rate brachytherapy combined with IMRT, high dose 
rate brachytherapy monotherapy, low dose rate brachytherapy monotherapy and SBRT in the 
treatment of intermediate-risk prostate cancer. The study found SBRT to be the optimal strategy, 
though SBRT and LDR-b were found to have very close results. SBRT was found to be associated 
with improved medium- to long-term patient outcomes compared with that of LDR-b, thus 
allowing SBRT to be more cost-effective. 

(Helou et al. 2017) compared SBRT and LDR-BT in low-risk prostate cancer. The study found that 
SBRT is dominant (cheaper and more effective than LDR-BT). Sensitivity analysis showed that the 
result is sensitive to changes in the probability of biochemical remission and long-term 
gastrointestinal side-effects. 

(Sharieff et al. 2016) was the only included study which considered the differences between 
delivery systems (robotic, arc-based and fixed-gantry) in combination with SBRT (robotic only), 
two hypofractionated regimens and standard fractionation. However, the study methods were 
unclear and reporting of results was limited. It found that, compared with a standard regimen 
delivered using fixed-gantry, SBRT using a robotic system was dominant (more effective and less 
costly). 
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Table 4. Summary of included health economic studies: Alyamani et al. (2021), Helou et al. (2017), Sharieff et al. (2016) 

Study details Study population and 
design  

Data sources Results Quality assessment 

Author and year: 
Alyamani et al. (2021) 
 
Country: Canada 
 
Type of economic 
analysis: Cost-utility 
analysis 
 
Perspective: Ontario’s 
provincial health care 
system perspective 
 
Currency: Canadian 
dollars, presented here as 
UK pounds 
 
Price year: 2018  
 
Time horizon: 20 years 
 
Discounting: 1.5% for costs 
and QALYs 
 
Potential conflict of 
interest: None 

Population 
Intermediate-risk prostate 
cancer 
Cohort settings:  Mean age of 
60 
 
Interventions 

• Conventionally 
fractionated 
intensity-modulated 
radiotherapy (cfIMRT) 
to 78 Gy in 39 
fractions 

• hypofractionated 
IMRT (hfIMRT) to 60 
Gy in 20 fractions 

• HDR brachytherapy 
combined with IMRT 
(HDR-IMRT) 

• HDR brachytherapy 
monotherapy in two 
fractions in one 
implant (HDR-b) 

• LDR brachytherapy 
monotherapy (LDR-b) 

• SBRT in five fractions 
 
Study design 
Markov model with 6 month 
cycles. 
Immediately following 
treatment, patients could 
suffer an acute genitourinary 
or gastrointestinal toxicity, 
remain ‘healthy’ from 

Source of baseline and 
effectiveness data: 
Literature identified 
through a targeted review, 
to identify 1-2 relevant 
trials for each treatment 
modality. 
Treatment specific 
mortality based on 
published survival curves, 
with mortality rates 
assumed to not be 
significantly different 
across modalities. 
Post-treatment healthy 
status receives a utility of 
1. Disutilities for adverse 
events, recurrence and 
subsequent treatment 
were obtained from 
previously published cost-
utility analyses. 
 
Source of resource use 
and cost data: 
Treatment costs sourced 
from a case-costing 
exercise conducted at an 
academic health sciences 
centre in Toronto. Costs 
comprise process and 
human resources. Non-
index treatment costs 
(toxicity events, healthy 
management, treatment 
recurrence and 

Base case results (probabilistic)  
Total costs 
LDR-b: £5,100 
SBRT: £5,732 
HDR-b: £5,241 
hfIMRT: £8,176 
HDR-IMRT: £9,664 
cfIMRT: £11,355 
Incremental (sequential analysis): SBRT vs 
LDR-b: £633 
 
QALYs 
LDR-b: 11.00 
SBRT: 11.38 
HDR-b: 10.63 
hfIMRT: 10.86 
HDR-IMRT: 9.95 
cfIMRT: 10.59 
Incremental (sequential analysis): SBRT vs 
LDR-b: 0.37 
 
ICER (Sequential analysis) 
SBRT vs LDR-b: £1,703 
HDR-b: Dominated by LDR-b 
hfIMRT: Dominated by LDR-b 
HDR-IMRT: Dominated by HDR-b 
cfIMRT: Dominated by HDR-b 
 
SBRT and LDR-b were found to have very 
close results. SBRT was found to be 
associated with improved medium- to long-
term patient outcomes compared with that 
of LDR-b, thus allowing SBRT to be more 
cost-effective 
 
 

Applicability 
Partially applicable 
 
Limitations 
• Unclear which methods 

were used to determine 
which 1-2 trials should be 
used to inform model 
inputs for each treatment 
modality. It appears 
Canadian studies were 
prioritised for inclusion. 

• Deterministic analysis 
results not reported 

• Conventional linear 
accelerator only (other 
SBRT techniques may be 
more costly) 

• The study focuses on 
toxicity, recurrence in first 
20 years and short-term 
costs and utilities. Long-
term outcomes (overall 
survival, long-term 
management and 
biochemical recurrence) 
were not considered 
because they were expected 
to be non-differential 
between treatment 
modalities. 

• Toxicity rates were 
obtained from various 
studies which measured 
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Study details Study population and 
design  

Data sources Results Quality assessment 

adverse events, or die. 
Following the first 6-month 
cycle, patients could have a 
recurrence event 
subsequently followed by 
salvage treatment (cost was 
identical across index 
treatment modalities), suffer 
late toxicity events, remain in 
healthy long-term 
management or die. 

management) based on 
published literature. 
Toxicity costs derived 
from a previous costing 
study. 
Source of resource use 
data not reported. 

Sensitivity analysis 
None further 

toxicity using different 
scales. 

• Disutilites to a full-health 
score of 1 applied due to 
limited availability of utility 
data 

• Sexual toxicity not 
explicitly modelled 

Author and year: Helou et 
al. (2017) 
 
Country: Canada 
 
Type of economic 
analysis: Cost-utility 
analysis 
 
Perspective: Ontario 
healthcare payer 
perspective 
 
Currency: Canadian 
dollars, presented here as 
UK pounds 
 
Price year: 2015 
 
Time horizon: Lifetime 
 
Discounting: 5% for costs 
and QALYs 
 
Potential conflict of 
interest: None 

Population 
Low-risk prostate cancer 
Cohort settings: 66 year old 
male 
 
Intervention  
SBRT: 35 Gy/five fractions 
delivered over 29 days using 
a linear accelerator. 
 
Comparator 
LDR-BT: interstitial implant 
with I-125 and a minimal 
peripheral dose of 145 Gy. 
 
Study design 
Markov model with 1 year 
cycles. 
Patients entering the model 
after treatment are 
recurrence free with no side 
effects. They can remain in 
that health state, develop 
long-term gastrointestinal 
and/or genitourinary toxicity 
and transition to the 

Source of baseline and 
effectiveness data: 
Probabilities 
and rates of clinical 
events based on data 
from a retrospective 
cohort analysis of 
prostate cancer patients 
at a single institution 
(2006-2008) 
Long-term relapse, 
progression from 
biochemical recurrence 
and progression from 
metastasis to death were 
based on assumptions. 
Average age-specific 
health-related quality of 
life weights were derived 
from a national Canadian 
database used for two 
health states with 
remaining health state 
utilities from a published 
study. 
 

Base case results 
Costs 
SBRT: £64,841 
LDR-BT: £66,573 
Incremental: SBRT saves £1,731 
 
QALYs 
SBRT: 15.821 
LDR-BT: 15.699 
Incremental: 0.122 
 
ICER 
SBRT is dominant (cheaper and more 
effective than LDR-BT) 
 
Sensitivity analysis 
One-way sensitivity analyses showed that 
the most influential variables were the 
probability of biochemical remission 
following SBRT and LDR-BT. LDR-BT became 
the preferred strategy if the BR probability 
with SBRT was at least 1.3 times higher than 
its baseline probability or if the BR 
probability with LDR-BT was at least 0.76 
times lower than its baseline probability 

Applicability 
Partially applicable 
 
Limitations 
• No probabilistic sensitivity 

analysis undertaken 
• Differing follow-up 

available for patients 
undergoing SBRT (6 years) 
and LDR-BT (8 years), with 
the last observation for 
biochemical recurrence 
extrapolated for the 
remainder of the time 
horizon (dissimilar 
between strategies). 
Biochemical recurrence 
shown to be most 
influential parameter in 
one-way sensitivity 
analysis 

• One-way sensitivity 
analysis  only  undertaken 
on short-term biochemical 
recurrence (year 1) 
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Study details Study population and 
design  

Data sources Results Quality assessment 

corresponding health states 
or transit to biochemical 
recurrence. Patients with 
long-term side-effects can 
remain in that state, recover 
from their toxicity or 
progress to biochemical 
recurrence. Patients can 
remain in that health state or 
develop metastasis. Patients 
with metastatic disease can 
die from prostate cancer. 
Patients in all the described 
health states can die from 
other causes. 

Source of resource use 
and cost data: 
Activity-based costing 
method applied for costs 
of interventions. The cost 
of radiotherapy and staff 
salaries was obtained 
from a single institution. 
The physician costs were 
estimated from the 
Ontario Ministry of Health 
Schedule of 
Benefits for Physician 
Services, 2015. 
Infrastructure, capital, 
construction, 
commissioning not 
included. 
Health state costs were 
based on a retrospective 
administrative database 
analysis of 975 newly-
diagnosed prostate 
cancer patients in Ontario. 
Costs included physician 
visits, diagnostic tests, 
surgical procedures, 
prescription drugs, long-
term care, complex 
continuing care, 
emergency department 
visits, home care services 
and palliative radiation. 
Toxicity costs were based 
on Ontario sources. The 
treatment of acute 
genitourinary and 
gastrointestinal toxicities 

(both within pre-specified plausible 
ranges). 
Result also sensitivity to changes in annual 
probability of long-term gastrointestinal 
side-effects associated with SBRT. 
In two-way deterministic sensitivity 
analyses simultaneously varying the 
probability of biochemical recurrence 
following SBRT and LDR-BT, SBRT was found 
to be the preferred strategy irrespective of 
LDR-BT biochemical recurrence probability 
if SBRT biochemical recurrence probability 
was 0.72 times lower than the base case. 
Conversely, if SBRT biochemical recurrence 
probability was 3.5 times higher than in the 
base case, LDR-BT was preferred. 
A second two-way deterministic sensitivity 
analysis varied the utility and probability of 
long-term gastrointestinal toxicity. It found 
that LDR-BT could be favoured if the annual 
probability of long-term gastrointestinal 
toxicity with SBRT was 0.075 or higher and 
the utility was 0.45 or lower. The authors 
conclude that this is possible but unlikely. 
In a scenario analysis assuming the same 
biochemical recurrence probability for the 
two strategies, LDR-BT was more effective, 
with an incremental gain of 0.009 but also 
more expensive, with an incremental cost of 
£1,303. The ICER was £151,406 per QALY. 

• Sexual toxicity not 
explicitly modelled 

• Source of clinical data 
limited to single centre 
retrospective study. 

• Cost data were from a 
single radiotherapy centre 

• Quality of life was based on 
physician-reported toxicity. 

• Different data sources used 
for health state utilities 

• Conventional linear 
accelerator only (other 
SBRT techniques may be 
more costly) 
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Study details Study population and 
design  

Data sources Results Quality assessment 

included physician visits 
and medications. 

Author and year: Sharieff 
et al. (2016) 
 
Country: Canada 
 
Type of economic 
analysis: Cost-utility 
analysis 
 
Perspective: Payer 
 
Currency: Canadian 
dollars, presented here as 
UK pounds 
 
Price year: 2012 
 
Time horizon: 20 years  
 
Discounting:  
future costs at 5% 
Outcomes: NR 
 
Potential conflict of 
interest: None 

Population 
Low risk prostate cancer 
Cohort settings: aged 70 
years. 
 
Interventions  
3 delivery systems: 
• Robotic (with 5 fraction 

regimen only) 
• Arc-based 
• Fixed-gantry 
4 fractionation regimens for 
each of arc-based and fixed 
gantry delivery systems: 

• 36.25 Gy, 7.25 
Gy/fraction, 5 
fractions (ultra-
hypofractionation) 

• 51.60 Gy, 4.3 
Gy/fraction, 12 
fractions 
(hypofractionation) 

• 60 Gy, 3 Gy/fraction, 
20 fractions 
(hypofractionation) 

• 78 Gy, 2 Gy/fraction, 
39 fractions 
(standard 
fractionation) 

 
Study design 
Cost analysis. Modelling of 
outcomes unclear. 

Source of baseline and 
effectiveness data: 
Recurrence/cure rate used 
in model are unclear. 
QALYs were computed by 
assuming a life 
expectance of 20 years 
and a utility of 0.8 post-
radiation and 0.68 post-
recurrence. 
 
Source of resource use 
and cost data: 
Costs included: 
Equipment, 
administration, 
maintenance, clinical 
assessment, treatment 
planning, delivery, follow-
up, machine, installation, 
warranty, physician fees, 
salaries of nurses, 
therapists and physicists. 
Costs related to PSA test-
ing, tumour recurrence, 
disability or death not 
included. 
Resource use directly 
observed for simulation, 
planning and treatment 
delivery times. Treatment 
unit occupation obtained 
from centre’s 
administrative database. 
 

Base case results 
Costs 
Arc-based SBRT: £2,462/patient 
Robotic SBRT: £3,570/ patient 
Arc-based 12 fraction: £2,531/patient 
Fixed-gantry 12 fraction: £3,193/patient  
Arc-based 20 fraction: £2,794/patient 
Fixed-gantry 20 fraction: £3,643/patient  
Arc-based standard regimen: 
£3,346/patient 
Fixed-gantry standard regimen: 
£4,505/patient 
 
SBRT, robotic versus standard regimen, 
fixed gantry: SBRT saves £935 (95% interval: 
saves £1,060 and £233) 
 
QALYs 
Not reported 
 
ICER 
SBRT, robotic versus standard regimen, 
fixed gantry: SBRT dominant 
 
Sensitivity analysis 
Varied robotic system daily hours from 2 
hours (low volume setting) to 10 hours (high 
volume setting). At low volume, the cost of 
robotic SBRT was $9363/patient and for 
high volume it was $5263/patient. 
Varied in-room treatment times from 40 to 
50 minutes for robotic, 15 to 30 minutes for 
arc-based, and 25 to 35 minutes for fixed-
gantry systems. The cost of the robotic sys-
tem ranged from $5892/patient to 

Applicability 
Partially applicable 
Limitations 
This study has very serious 
limitations 
• The model assumed that all 

systems were equally 
effective and equally safe 
(adverse events not 
included in model). 

• Sources of utility data not 
reported 

• Modelling of 
recurrence/cure rate and 
source of data unclear  

• Discounting of health 
outcomes not reported 

• Some important costs 
omitted. 

• Details of probabilistic 
analysis not reported 

• Different estimates of daily 
hours of operation and in-
room treatment times were 
applied for the robotic 
system, despite uncertainty 
in these variables due to 
patient numbers. This was 
explored in sensitivity 
analysis 

• Total costs not reported for 
all regimens (displayed 
graphically) 
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Study details Study population and 
design  

Data sources Results Quality assessment 

Unit costs based on 
centre’s purchase data 
and Ontario Health 
Insurance Plan billing 
codes. 

$6523/patient, cost of arc-based system 
ranged from $3888/patient to 
$4453/patient, and cost of fixed-gantry 
system ranged from $4076/patient to 
$4642/patient. 
Probabilistic analysis was conducted, 
varying in-room treatment times, daily 
hours of operation, cure rate and life 
expectancy. The results favoured arc-based 
systems for all regimens (data not 
reported). 

• Incremental QALYs not 
reported 

• ICERs not reported and 
comparators unclear 

ICER:Incremental cost effectiveness ratio; QALY: Quality-adjusted life year; cfIMRT = conventionally fractionated intensity-modulated radiotherapy; hfIMRT = hypofractionated intensity-
modulated radiotherapy; HDR-IMRT = high-dose-rate brachytherapy combined with intensity-modulated radiotherapy; HDR-b = high-dose-rate brachytherapy monotherapy; LDR-b = low-
dose-rate brachytherapy monotherapy; SBRT = stereotactic body radiotherapy 
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 HTW health economic analysis 

An original cost-utility analysis was developed to determine the cost effectiveness of extreme 
hypofractionation (42·7 Gy in seven fractions, 3 days per week for 2·5 weeks, using conventional 
linear accelerators) compared with conventional fractionation (78·0 Gy in 39 fractions, 5 days 
per week for 8 weeks) in people with prostate cancer. The model was based on clinical evidence 
from the HYPO-RT-PC randomised controlled trial, as PACE-B has not yet reported on the primary 
outcome measure (biochemical or clinical failure-free survival) (Widmark et al. 2019) (Brand et 
al. 2019).  

The population entering the model matched that of the HYPO-RT-PC randomised controlled trial: 
men with an average age of 68.5, with intermediate- (89%) or high-risk (11%) prostate cancer , 
with a WHO performance status between 0 and 2 .Intermediate-to-high-risk prostate cancer was 
categorised according to the TNM classification system as T1c−T3a with no evidence of lymph 
node involvement or distant metastases with one or two of the following risk factors: stage T3a, 
Gleason score of at least 7, or prostate-specific antigen (PSA) of at least 10 ng/ml  (Widmark et al. 
2019). 

A Markov model was used to estimate costs and quality-adjusted life years (QALYs) from the UK 
NHS and personal social services perspective. A lifetime time horizon was considered. Costs 
and QALYs were discounted at 3.5% per year as recommended in the NICE reference case. The 
cost-utility analysis uses a model structure which was adapted from two cost-utility analyses 
which were included in the health economic evidence review for this evidence appraisal report 
(Helou et al. 2017) (Alyamani et al. 2021). It was also informed by the 2019 health economic 
model which was developed for the NICE NG131 prostate cancer guideline (NICE 2019). 

The results of the base case analysis are presented in Table 5, which shows the total and 
incremental costs and quality-adjusted life years (QALYs) over the time horizon (presented on a 
per patient basis) as well as the incremental cost-effectiveness ratio (ICER). EHFRT was found to 
be more expensive, though less effective in comparison with conventional fractionation. In a 
threshold analysis, we showed that EHFRT would become cost effective if the cost of EHFRT 
decreased to £4,687 (from £5,722 in the base case), compared with conventional fractionation 
without fiducial markers.   

In deterministic sensitivity analyses, we showed that EHFRT was cost effective compared with 
conventional fractionation (in 20 fractions and without fiducial markers) if EHFRT could be 
delivered as follows: 

• Seven-fraction EHFRT in slot lengths of 15 minutes for fraction delivery; 
• Five-fraction EHFRT in slot lengths of 20 minutes for fraction delivery. 

When EHFRT was compared with conventional fractionation with fiducial markers, the results 
were more favourable towards EHFRT, and EHFRT was cost effective when: 

• Five-fraction EHFRT in slot lengths of 30 minutes for fraction delivery; 
• Seven-fraction EHFRT in slot legnths of 20 minutes for fraction delivery. 

At a threshold of £20,000 per QALY gained, there was a 31% probability that EHFRT is cost effective. 
However, uncertainty relating to the slot length could not be captured in probabilistic sensitivity 
analysis, as only point estimates were available for the costs of slots. 

See appendix 5 for details. 
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Table 5. Base case results 

Treatment strategy 
Cost QALYs ICER (cost 

per QALY) Total Incremental Total Incremental 

Conventional 
fractionation 

£12,012.80 - 19.3237 - - 

EHFRT £13,006.32 £993.52 19.3198 0.004 fewer Dominated 

EHFRT: Extreme hypofractionated radiotherapy; ICER: incremental cost effectiveness ratio; QALYs: quality-adjusted 
life years 

 

6. Organisational Issues 

Several experts highlighted the demand for external beam  radiotherapy and noted that demand 
remains high; exacerbated by the COVID-19 pandemic. Consensus among experts suggests the 
potential for EHFRT to free up capacity without compromising benefits to patients. When 
implementing EHFRT, it is recommended that the insertion of fiducial markers would reduce 
barriers to adoption and would make daily online IGRT more accurate. 

 

7. Patient issues 

HTW sought to better understand patient decision making and what may influence patient’s 
decisions when offered EHFRT instead of conventional or moderately hypofractionated 
radiotherapy. Expert comments received advised that shorter treatment sessions are much 
preferred by patients and their families for the following reasons. 

- Less time would be spent away from work and there would be less associated costs for 
the patient. 

- Fewer associated costs for family members providing assistance and/or care. 
- Less time would be spent in hospital receiving treatment, which is a particularly 

important outcome for patients during the ongoing COVID-19 pandemic and the 
associated risks with hospital attendance, as well as being more convenient.  

- Reducing the amount of travel time for patients is also an important consideration, where 
the reduction in the number of hospital visits would likely reduce the overall burden of 
travel for patients and their families, along with potentially less fuel consumption and 
thus, would be more sustainable. Patients are currently experiencing long waiting times 
or delays in accessing treatment as departments deal with ongoing capacity issues 
associated with the COVID-19 pandemic. Provision of EHFRT may help to address this, 
which will directly benefit patients who need access to services.  

Patients may have some initial concerns that the higher doses of radiotherapy delivered during 
EHFRT treatment could lead to higher levels of urinary toxicity, however experts advise that this 
does not overly influence patient’s decision making as such concerns are usually adequately 
explored with them during consultation. 
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8. Conclusions 

This evidence review summarised published evidence on the clinical and cost effectiveness of 
extreme hypofractionated radiotherapy (EHFRT) to treat localised prostate cancer compared to 
standard care.  

We identified evidence from two randomised controlled trials of relevance. Brand et al. (2019) 
compared EHFRT to either conventional or moderately hypofractionated radiotherapy, whereas 
(Widmark et al. 2019, Fransson et al. 2021) compared EHFRT to conventionally fractionated 
radiotherapy.  

Comparing extreme hypofractionated radiotherapy (EHFRT) to conventional or moderately 
hypofractionated radiotherapy in the PACE-B trial by Brand et al. (2019), most outcomes were not 
statistically significant. In summary, fewer patients treated with EHFRT experienced RTOG grade 
2 or more severe gastrointestinal toxic effects at 12 weeks follow up when compared to the 
control group (conventional or moderately hypofractionated radiotherapy), but the difference 
between treatments was not statistically significant (10% of patients in EHFRT group versus 12% 
in control group; p = 0.38) (Brand et al. 2019). Similarly, there was a lower, but not statistically 
significantly different, incidence of RTOG grade 2 or more severe genitourinary toxic effects for 
the EHFRT group (23% of EHFRT patients experiencing these effects versus 27% of the control 
group; p = 0.16).  

The evidence suggests that there was an increase in acute physician reported RTOG grade 2 or 
worse urinary toxicity at the end of radiotherapy with EHFRT when compared to the control group 
(conventional fractionated radiotherapy), but the difference between treatments was not 
statistically significant (28% of patients in EHFRT group versus 23% in control group; p = 0.057) 
(Widmark et al. 2019). Similarly, there was no significant difference in the outcomes for failure-
free survival, overall survival, and distant-free survival at five years between both treatment 
groups. For example, there was no significant difference in the overall survival at five years 
between the treatment groups which was reported at 94% for the EHFRT group and 96% for the 
control group (p = 0.951) (Widmark et al. 2019). 

The overall quality-of-life outcomes at the six-year follow-up revealed no difference in the 
incidence of clinically relevant deterioration between the groups. The evidence suggests that 
there was an increase in overall bother from all urinary symptoms and overall bowel bother at 6-
year follow up with the control group when compared to the EHFRT group (28% of patients in 
EHFRT group versus 33% in control group for both outcomes) but the difference between 
treatments was not statistically significant (overall bother from all urinary symptoms: p = 0.38; 
overall bowel bother; p = 0.33) (Fransson et al. 2021). 

The three Canadian cost-utility analyses included in the health economic evidence review were 
assessed as partially applicable with serious limitations. The studies each found EHFRT to be the 
optimal strategy. One study which compared conventionally fractionated IMRT, hypofractionated 
IMRT, high dose rate brachytherapy combined with IMRT, high dose rate brachytherapy 
monotherapy, low dose rate brachytherapy monotherapy and SBRT in the treatment of 
intermediate-risk prostate cancer found that the SBRT and low dose rate brachytherapy 
strategies had very close results. SBRT was found to be cost effective due to its improved 
medium- to long-term patient outcomes. A study comparing SBRT with low dose rate 
brachytherapy in low-risk prostate cancer found that SBRT is dominant, but the results were 
sensitivity to changes in important parameters (the probability of biochemical remission and 
long-term gastrointestinal side effects. 

One original cost-utility analysis found that EHFRT was more expensive and less effective than 
conventionally fractionated radiotherapy (20 fractions, without fiducial markers) in people with 
localised prostate cancer. The model results were sensitive to changes in slot times for fraction 
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delivery. In a threshold analysis, we showed that EHFRT was cost effective when the cost of EHFRT 
decreased to £4,687 (from £5,722 in the base case), when compared with conventional 
fractionation without fiducial markers. This threshold could be met, for example, if the slot length 
was 15 minutes for all seven fractions of EHFRT, or if EHFRT was delivered as five fractions, with 
slot lengths of 20 minutes. When EHFRT was compared with conventional fractionation with 
fiducial markers, the results were more favourable towards EHFRT. EHFRT was cost effective when 
seven fractions were delivered in slot lengths of 20 minutes, or five fractions were delivered in 
slot lengths of 30 minutes.  

At a threshold of £20,000 per QALY gained, there was a 31% probability that EHFRT is cost effective. 
However, uncertainty relating to the slot length could not be captured in probabilistic sensitivity 
analysis, as only point estimates were available for the costs of slots. 
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11. Evidence review methods 

We searched for evidence that could be used to answer the review question: What is the clinical 
and cost effectiveness of extreme hypofractionated radiotherapy (EHFRT) to treat localised 
prostate cancer compared to standard care? 

The criteria used to select evidence for the appraisal are outlined in Appendix 1. These criteria 
were developed following comments from the Health Technology Wales (HTW) Assessment Group 
and UK experts.  

The systematic search followed HTW’s standard rapid review methodology. A search was 
undertaken of Medline, Embase, CINAHL, Cochrane Library, the International Network of Agencies 
for Health Technology Assessment (INAHTA) HTA database, the Centre for Reviews and 
Dissemination (CRD) database & Epistemonikos. Additionally, searches were conducted of key 
websites and clinical trials registries. 

Study design filters were used to restrict the searches to systematic reviews & meta-analyses, 
guidelines & health technology assessments, randomised controlled trials and health 
economics. 

The searches were conducted in August 2021, with an update search of Medline, Embase, CINAHL, 
Cochrane Library, and INAHTA HTA database run in August 2021. 

The clinical evidence update search was updated on 10 December 2021 

Appendix 4 gives details of the search strategy used for MEDLINE. Search strategies for other 
databases are available on request. An additional search for health economics studies was run 
on 21 September 2021. 

As detailed in Appendix 1, we prioritised existing systematic reviews or other sources of 
secondary evidence, such as previous health technology assessments or evidence-based 
guidelines, as sources of quantitative outcome data. However, we did not identify any relevant 
secondary evidence, systematic reviews or any observational data and therefore searched for 
and included evidence from randomised controlled trials (RCTs) as our main source of outcome 
data. We only included evidence where the intervention used was extreme hypofractionated 
radiotherapy (typically delivered in seven or fewer fractions) when compared with conventionally 
or moderately fractionated radiotherapy delivered as approximately 20 fractions or more. We 
have excluded comparisons of extreme hypofractionated radiotherapy to active surveillance. We 
did not include comparison to any other forms of active treatment such as brachytherapy 
because we did not identify any randomised controlled trials that compared these to extreme 
hypofractionated radiotherapy. 
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Appendix 1. Inclusion and exclusion criteria for evidence included in the review 

 

 Inclusion criteria Exclusion criteria 

Population 
People with localised prostate cancer suitable for treatment 
with radiotherapy (any T stage). 

People with prostate cancer with evidence of lymph node 
involvement and/or distant metastases (i.e., any N or M stage 
other than 0) 

Intervention Extreme hypofractionated radiotherapy, typically equal to or 
less than 7 fractions 

We will not include evidence that compares the same 
radiotherapy regimen with/without the use of ancillary 
techniques such as pre-rectal spacers or fiducial markers or 
compares different image guidance methods. 

Comparison/ Comparators 

• Standard care, which will vary according to patient group: 
 
• Other forms of external beam radiotherapy, including but 

not limited to:  
• Moderately hypofractionated radiotherapy delivered 

as approximately 20 fractions 
• Conventionally fractionated radiotherapy delivered as 

≥ 35 fractions of 1.8 to 2.2 Gy (one gray) 
 

We will exclude comparison of extreme hypofractionated 
radiotherapy to active surveillance. 
We did not include any other form of radical treatment (such 
as brachytherapy). 

Outcome measures 

• Overall survival 
• Distant metastasis free survival 
• Disease progression or recurrence measured using either clinical criteria or biochemically (using prostate specific antigen 

levels) 
• Adverse events/toxicity. Where possible we will focus on events related to: 

• Urinary adverse events/toxicity 
• Gastrointestinal adverse events/toxicity  
• Sexual function 

• Health-related quality of life 
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Study design 

• We will prioritise the following study types, in the order listed: 
• Systematic reviews of randomised controlled trials. 
• Randomised controlled trials. 
• Non-randomised comparative trials. 
• Single-arm (no control group) trials that report any relevant outcome. 

 
• We will only include evidence from “lower priority” sources where this is not reported by a “higher priority” source. This 

could be because higher priority evidence: 
• Does not cover all relevant populations 
• Does not compare the technology of interest to all relevant comparators 
• Does not cover all outcomes of interest 
• Reports over short-term follow up periods, and longer follow up data is required to facilitate decision making. 

 
• Where relevant and well-conducted systematic reviews exist, we will use these by: 

• Reporting or adapting their reported outcome measures where these are fully relevant to the scope of our review, and 
appropriate synthesis methods have been used 

• Using these reviews as a source of potentially relevant studies where the review cannot be used as a source of outcome 
data 

• We will prioritise systematic reviews in terms of the sources of evidence they include, using the order described above. 

Search limits None apply 

Publication status 
 

• We will include evidence from studies that are published in full. 
• We will only include evidence from conference abstracts if there are critical gaps in the fully published evidence. 
• We will include details of any ongoing trials that have a planned completion or reporting date within 24 months of the date 

searches are carried out. We will only include trials of a design that is likely to add to the existing evidence in terms of 
certainty; for example, if we report evidence from randomised controlled trials in the EAR, we will only report details of 
ongoing trials if they also use a randomised design. 
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Appendix 2. Flow diagram outlining selection of relevant evidence sources
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Appendix 3. Flow diagram outlining selection of relevant health economic 
evidence sources 
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Appendix 4. Medline search strategy 

Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other Non-Indexed Citations 
and Daily <1946 to August 03, 2021> 
Prostate cancer 
1 exp Prostatic Neoplasms/ 
2 prostat* adj3 (cancer* or carcinoma* or malignan* or tumo?r* or neoplas*).tw. 
3 1 or 2 
Radiotherapy terms 
4 Radiosurgery/ 
5 (stereotactic adj2 (radiotherapy or radiosurgery)).tw. 
6 (SBRT or SABR).tw. 
7 4 or 5 or 6 
8 exp Radiotherapy Dosage/ 
9 exp dose fractionation, radiation/ 
10 (dose or dosage or regimen* or schedul* or fraction*).tw. 
11 8 or 9 or 10 
12 7 and 11 
13 (extreme hypofractionated radiotherapy or extreme hypo-fractionated radiotherapy or extreme 

hypofractionated radio-therapy or extreme hypo-fractionated radio-therapy or EHFRT).tw. 
14 (hypofraction* or hypo-fraction* or superfraction* or super-fraction* or multifraction* or multi-

fraction* or ultrafraction* or ultra-fraction*).tw. 
15 12 or 13 or 14 
16 3 and 15 
17 limit 16 to english language 
18 (superfraction* or super-fraction* or multifraction* or multi-fraction* or ultra-fraction* or 

ultra-fraction*).mp. 
19 (extreme adj2 Hypo*).mp. 
20 (superhypo* or super-hypo* or multihypo* or multi-hypo* or ultrahypo* or ultra-hypo*).mp. 
21 18 or 19 or 20 
22 3 and 21 
23 limit 22 to english language 
SIGN RCT filter 
24 Randomized Controlled Trials as Topic/ 
25 randomized controlled trial/ 
26 Random Allocation/ 
27 Double-Blind Method/ 
28 Single-Blind Method/ 
29 Clinical Trial/ 
30 clinical trial, phase i.pt. 
31 clinical trial, phase ii.pt. 
32 clinical trial, phase iii.pt. 
33 clinical trial, phase iv.pt. 
34 controlled clinical trial.pt. 
35 randomized controlled trial.pt. 
36 multicenter study.pt. 
37 clinical trial.pt. 
38 exp Clinical Trials as Topic/ 
39 or/24-38 
40 (clinical adj trial*).tw. 
41 ((singl* or doubl* or treb* or tripl*) adj (blind*3 or mask*3)).tw. 
42 PLACEBOS/ 
43 placebo*.tw. 
44 (random* adj allocat*).tw. 
45 (allocat* adj2 random*).tw. 
46 or/40-45 
47 39 or 46 
48 case report.tw. 
49 letter/ 
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50 historical article/ 
51 or/48-50 
52 47 not 51 
SIGN Economics filter 
53 economics/ 
54 "costs and cost analysis"/ 
55 cost allocation/ 
56 cost-benefit analysis/ 
57 cost control/ 
58 cost savings/ 
59 cost of illness/ 
60 cost sharing/ 
61 "Deductibles and Coinsurance"/ 
62 medical savings accounts/ 
63 health care costs/ 
64 direct service costs/ 
65 drug costs/ 
66 employer health costs/ 
67 hospital costs/ 
68 health expenditures/ 
69 capital expenditures/ 
70 value of life/ 
71 exp economics, hospital/ 
72 exp economics, medical/ 
73 economics, nursing/ 
74 economics, pharmaceutical/ 
75 exp "fees and charges"/ 
76 exp budgets/ 
77 (low adj cost).mp. 
78 (high adj cost).mp. 
79 (health?care adj cost$).mp. 
80 (fiscal or funding or financial or finance).tw. 
81 (cost adj estimate$).mp. 
82 (cost adj variable).mp. 
83 (unit adj cost$).mp. 
84 (economic$ or pharmacoeconomic$ or price$ or pricing).tw. 
85 or/53-84 
Draft HTW systematic review filter 
86 systematic review.pt. 
87 systematic reviews as topic/ 
88 ((systematic* or evidence*) adj (review*1 or overview*1)).tw,kf,kw. 
89 meta-analysis.pt. 
90 exp meta-analysis as topic/ 
91 (meta-analy* or metaanaly* or metanaly*).tw,kf,kw. 
92 exp review literature as topic/ 
93 or/86-92 
94 (medline or pubmed or medlars).ab. 
95 embase.ab. 
96 cochrane.ab,jw. 
97 (cinahl or cinhal).ab. 
98 (psychlit or psyclit or psychinfo or psycinfo).ab. 
99 science citation index.ab. 
100 cancerlit.ab. 
101 british nursing index.ab. 
102 hmic.ab. 
103 current contents.ab. 
104 or/94-103 
105 reference list*.ab. 
106 bibliograph*.ab. 
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107 (handsearch* or hand-search*).ab. 
108 relevant journals.ab. 
109 manual search*.ab. 
110 (search adj (strategy or criteria)).ab. 
111 (search* adj4 literature).ab. 
112 or/105-111 
113 review.pt. 
114 ((selection or inclusion or exclusion) adj criteria).ab. 
115 data extraction.ab. 
116 113 and (114 or 115) 
117 93 or 104 or 112 or 116 
118 comment.pt. 
119 letter.pt. 
120 editorial.pt. 
121 or/118-120 
122 117 not 121 
Draft HTW guidelines & HTW filter 
123 exp Evidence-Based Medicine/ 
124 practice guideline/ 
125 guideline/ 
126 exp guidelines as topic/ 
127 guideline*.ti,kf. 
128 exp technology assessment, biomedical/ 
129 ((technology adj (apprais* or assess*)) or HTA or HTAs).tw,kf,kw. 
130 rapid review*.ti,kf,kw. 
131 (evidence* adj2 (base* or synthes*)).ti,kf,kw. 
132 or/123-131 
CADTH Economic models filter 
133 Economics/ 
134 exp "Costs and Cost Analysis"/ 
135 Economics, Nursing/ 
136 Economics, Medical/ 
137 Economics, Pharmaceutical/ 
138 exp Economics, Hospital/ 
139 Economics, Dental/ 
140 exp "Fees and Charges"/ 
141 exp Budgets/ 
142 (economic* or cost or costs or costly or costing or price or prices or pricing or 

pharmacoeconomic* or pharmaco-economic* or expenditure or expenditures or expense or 
expenses or financial or finance or finances or financed).ti,kf. 

143 (economic* or cost or costs or costly or costing or price or prices or pricing or 
pharmacoeconomic* or pharmaco-economic* or expenditure or expenditures or expense or 
expenses or financial or finance or finances or financed).ab. /freq=2 

144 (cost* adj2 (effective* or utilit* or benefit* or minimi* or analy* or outcome or outcomes)).ab,kf. 
145 (value adj2 (money or monetary)).ti,ab,kf. 
146 exp models, economic/ 
147 economic model*.ab,kf. 
148 markov chains/ 
149 markov.ti,ab,kf. 
150 monte carlo method/ 
151 monte carlo.ti,ab,kf. 
152 exp Decision Theory/ 
153 (decision* adj2 (tree* or analy* or model*)).ti,ab,kf. 
154 or/133-153 
Set combinations 
155 52 or 85 or 122 or 132 or 154 
156 17 and 155 
157 23 or 156 
158 17 not 157 
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Appendix 5. Original cost effectiveness analysis 

1. Introduction 

The review of the clinical effectiveness evidence for this question identified two randomised 
controlled trials. However, only one has reported on the primary outcome measure (biochemical 
or clinical failure-free survival). An original HTW cost-utility analysis was therefore developed 
based on clinical evidence from the HYPO-RT-PC randomised controlled trial, which compares 
extreme hypofractionation with conventional fractionation in people with intermediate- and 
high-risk prostate cancer (Widmark et al. 2019). 

 

2. Model overview 

A cost-utility analysis was undertaken to determine the cost effectiveness of extreme 
hypofractionation (42·7 Gy in seven fractions, 3 days per week for 2·5 weeks, using conventional 
linear accelerators) with conventional fractionation (78·0 Gy in 39 fractions, 5 days per week for 
8 weeks) in people with intermediate- and high-risk prostate cancer. 

The population entering the model matched that of the HYPO-RT-PC randomised controlled trial: 
men with an average age of 68.5, with intermediate- (89%) or high-risk (11%) prostate cancer , 
with a WHO performance status between 0 and 2 .Intermediate-to-high-risk prostate cancer was 
categorised according to the TNM classification system as T1c−T3a with no evidence of lymph 
node involvement or distant metastases with one or two of the following risk factors: stage T3a, 
Gleason score of at least 7, or prostate-specific antigen (PSA) of at least 10 ng/ml (Widmark et al. 
2019). 

A Markov model was used to estimate costs and quality-adjusted life years (QALYs) from the UK 
NHS and personal social services perspective. A lifetime time horizon was considered. Costs and 
QALYs were discounted at 3.5% per year as recommended in the NICE reference case. 

 

3. Model approach 

The cost utility analysis uses a model structure which was adapted from two cost-utility 
analyses which were included in the health economic evidence review for this evidence appraisal 
report (Helou et al. 2017) (Alyamani et al. 2021). It was also informed by the 2019 health economic 
model which was developed for the NICE prostate cancer guideline (NICE 2019). 

A schematic of the Markov model structure is presented in figure 1. The model employs a six-
month cycle length. 

People enter the model following treatment with either extreme hypofractionated radiotherapy 
or conventionally fractionated radiotherapy in the ‘recurrence-free’ health state, where they 
receive active surveillance. For those who experience short-term acute genitourinary (grade 2+) 
and acute gastrointestinal side-effects (grade 2+), additional costs and QALY decrements are 
accrued during cycle 1. These acute side-effects are assumed to be resolved after one cycle. 

People in the ‘recurrence-free’ health state are at risk of developing long-term genitourinary or 
gastrointestinal side-effects. Long-term side-effects may be resolved, and so people move to the 
‘recurrence-free with resolved side-effects’ health states, or they may remain in the ‘long-term 
side-effects’ health states. People occupying these health states receive active surveillance. 

Those in the recurrence-free health states all experience the same risk of being diagnosed with 
a biochemical recurrence. In line with assumptions made for the NICE prostate cancer guideline 
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diagnostic model, the model assumes that progression occurs subsequently i.e. from 
intermediate- to high-risk and then to metastases. Based on the proportion of people with 
intermediate- and high-risk prostate cancer at baseline in the HYPO-RT-PC randomised 
controlled trial, people who experience a biochemical recurrence either transition to the high-
risk localised prostate cancer health state or the metastatic prostate cancer health state. 

People in the high-risk localised prostate cancer health states may subsequently be diagnosed 
and treated for metastatic prostate cancer. Metastatic prostate cancer can become hormone-
resistant metastatic prostate cancer. People with metastatic prostate cancer are at risk of death 
from prostate cancer (whereas those with localised disease are not at risk of prostate cancer 
death). People in all health states are at risk of all-cause mortality. 

The model incorporates several tunnel states, to allow for different cycle-specific costs and 
utilities depending on time. For example, people incur the costs of treatment (radical 
prostatectomy) in the first cycle after a high-risk localised recurrence, but not in subsequent 
cycles. 

 

 

  

Figure 1: Markov model structure. Overlaid shapes indicate tunnel states. People in each 
health state are at risk of all-cause mortality. 
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4. Clinical inputs 

Baseline characteristics were obtained from The HYPO-RT-PC randomised controlled trial and 
used to characterise the population entering the model (table 1) (Widmark et al. 2019). Based on 
the proportion of people with intermediate- and high-risk prostate cancer at baseline in the 
HYPO-RT-PC randomised controlled trial (table 1), people who experience a biochemical 
recurrence either transition to the high-risk localised prostate cancer health state or the 
metastatic prostate cancer health state. People do not transition directly to the hormone-
resistant metastatic prostate cancer health state. 

Table 1. Baseline characteristics 

Characteristic Input PSA distribution, α 

Age 68.5 Fixed 

Intermediate-risk 89.2% Dirichlet, 1054 

High-risk  10.7% Dirichlet, 116 

 

To obtain treatment-specific probabilities of biochemical or clinical failure, data were extracted 
from the conventional fractionation Kaplan-Meier curve of failure-free survival (table 2), and the 
adjusted hazard ratio for failure-free survival at five years applied (table 3) (Widmark et al. 2019).  
Beyond five years, the same rate of failure-free survival was applied for each arm. 

Table 2. Model inputs: Biochemical or clinical failure; conventional fractionation 

Cycle number 6-month probability 

1 0.00% 

2 1.50% 

3 1.01% 

4 2.30% 

5 2.36% 

6 2.41% 

7 0.82% 

8 2.49% 

9 2.84% 

10+ 2.05% 
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Table 3. Model inputs: Clinical effectiveness 

Description Input 95% CI PSA 
distribution  

Source 

Adjusted hazard ratio failure-free survival at 
five years; EHFRT compared with conventional 
fractionation 

1.002 0.758 - 1.325 Normal 

HYPO-RT-PC 
Widmark et al. 
(2019) 

Hazard ratio late grade 2+ genitourinary 
toxicity; EHFRT compared with conventional 
fractionation 

1.07 0.81 - 1.41 - 

HYPO-RT-PC 
Widmark et al. 
(2019) 

Hazard ratio late grade 2+ gastrointestinal 
toxicity; EHFRT compared with conventional 
fractionation 

1 0.68-1.46 - 
HYPO-RT-PC 
Widmark et al. 
(2019) 

 

For physician-reported late grade 2+ genitourinary and late grade 2+ gastrointestinal adverse 
events, data were extracted from the conventional fractionation and EHFRT Kaplan-Meier curves 
over 10 years (Widmark et al. 2019). Late adverse events were defined as in HYPO-RT-PC, as those 
occurring after 6 months of index treatment. In a scenario analysis, the hazard ratios for grade 
2+ genitourinary and grade 2+ gastrointestinal toxicity at 5 years were applied to the 
conventional fractionation data (table 3). 

 

Other probabilities 

The probability of resolution of long-term grade 2+ genitourinary and gastrointestinal toxicity 
was based on Helou et al. (2017). 

The probability of developing metastatic prostate cancer, given that an individual has 
experienced a high-risk localised prostate cancer recurrence, was obtained from the NICE model. 
This transition probability was applied in all ‘high-risk localised prostate cancer’ health states. 
In a scenario analysis, the probability from Helou et al. (2017) was used. 

The probabilities of developing hormone-resistant metastatic prostate cancer and being treated 
with docetaxel, or abiraterone, were obtained from the NICE model. 

All-cause mortality was estimated from national mortality statistics. Prostate cancer-specific 
death was then estimated using the approach employed by NICE (NICE 2019). The model uses the 
hazard ratio of death for people with metastatic prostate cancer being treated with docetaxel, 
compared to all other health states, which experienced population level mortality, as reported by 
NICE (table 4). In a scenario analysis, the hazard ratio if death for people with metastatic prostate 
cancer not being treated with docetaxel, compared with general mortality, was used. 

Those probabilities which were sourced from other studies with different cycle lengths were 
converted into 6-month probabilities by first converting into rates using the below formula: 

P(t) = 1- e-rt 
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Table 4. Model inputs: Clinical inputs 

Description Input 95% CI 
PSA distribution 

(α, β) 
Source 

6-month probability for transition from 
high-risk localised to metastatic prostate 
cancer 

0.016 0.014-0.018 Beta (0.231, 14.26) NICE (2019) 

(Scenario) 6-month probability for 
transition from high-risk localised to 
metastatic prostate cancer 

0.025 
Not varied in 
Helou et al. 
(2017) 

- 
Helou et al. 
(2017) 

6-month probability for transition from 
metastatic prostate cancer to hormone-
resistant metastatic prostate cancer 
(docetaxel) 

0.04 - Fixed NICE (2019) 

6-month probability for transition from 
metastatic prostate cancer to hormone-
resistant metastatic prostate cancer 
(abiraterone) 

0.08 - Fixed NICE (2019) 

Hazard ratio for Prostate cancer death in 
people with metastases receiving 
docetaxel; compared with mortality in 
other health states 

9.07 7.67-10.71 Normal (-865, 770) NICE (2019) 

Scenario: Hazard ratio for Prostate cancer 
death in people with metastases not 
receiving docetaxel; compared with 
mortality in other health states 

13.38 - - NICE (2019) 

6-month probability of resolution of long-
term adverse events 

0.29 

Not varied in 
Helou et. al. 
Assumed 
0.13-0.5 

Uniform  
Helou et al. 
(2017) 

 

5. Cost inputs 

The costs (for the cost year 2019/2020) of EHFRT and conventionally fractionated radiotherapy 
were provided through personal communication with the finance department at Velindre Cancer 
Centre, Wales. The costs and resource use are summarised in table 5. The cost of EHFRT was 
based on its use in the treatment of lung cancer, but experts advised that the cost was likely to 
be similar for treatment of prostate cancer. Current practice was reported to be 20 fractions for 
conventional fractionation, whereas people in the conventional fractionation arm of HYPO-RT-PC 
received 39 fractions of radiotherapy.  In the base case, the cost of delivering 20 fractions was 
used, although it must be noted that the clinical outcomes from HYPO-RT-PC resulted from a 39-
fraction regimen and could not be adjusted. This approach was deemed feasible by clinical 
experts, as outcomes are likely equivalent between moderately hypofractionated and 
conventionally fractionated regimens.In a scenario analysis, the 39-fraction cost was applied. 

The lengths of slots for fraction delivery were assumed by clinical experts. The slot lengths used 
in calculating the costs of EHFRT and conventional fractionation in the base case are given in 
table 5. Alternative slot lengths were explored in sensitivity analyses. 

As advised by experts, the 39-fraction regimen included a lower cost for planning than EHFRT. 
The costs of fiducial markers were also obtained from the finance department at Velindre Cancer 
Centre, Wales. In the base case, the cost of fiducial markers was added to the cost of EHFRT, but 
was not included for conventional fractionation as experts advised fiducial markers are not used 
in standard care in Wales. However, in HYPO-RT-PC, 90% of people in both the EHFRT and 
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conventional fractionation arms received fiducial markers. Fiducial markers are also considered 
part of standard care outside of Wales. We explored the impact of including the cost of fiducial 
markers in the standard or care arm in sensitivity analyses. 

Table 5. Model inputs: Intervention costs 

Intervention Total cost Description 
Probabilistic 

sensitivity 
analysis (α, β) 

Source 

Base case 

EHFRT £5,722 

Includes planning costs with CT 
simulator (£2,754.38), delivery of 7 x 30-
minute fractions (£320.91) and fiducial 
markers (£721.63) 

Fixed 

Velindre Cancer 
Centre personal 
communication Conventional 

fractionation 
(20 fractions) 

£4,800 

Includes planning costs with CT 
simulator (£1,163.23), delivery of one 30-
minute fraction (£213.94), 5 x2- minute 
fractions and 14 x 15 fractions (£160.46) 

Fixed 

Scenarios 

EHFRT £4,974 
Includes planning costs with CT simulator (£2,754.38), 
delivery of 7 x 20-minute fractions (£213.94) and fiducial 
markers (£721.63) 

Costs: Velindre 
Cancer Centre 
personal 
communication; 
Resource use: 
expert 
assumptions 

EHFRT £4,599 
Includes planning costs with CT simulator (£2,754.38), 
delivery of 7 x 15-minute fractions (£160.46) and fiducial 
markers (£721.63) 

EHFRT (5 
fractions) 

£5,081 
Includes planning costs with CT simulator (£2,754.38), 
delivery of 5 x 30-minute fractions (£320.91) and fiducial 
markers (£721.63) 

EHFRT (5 
fractions) 

£4,278 
Includes planning costs with CT simulator (£2,754.38), 
delivery of 5 x 15-minute fractions (£160.46) and fiducial 
markers (£721.63) 

EHFRT (5 
fractions) 

£4,546 
Includes planning costs with CT simulator (£2,754.38), 
delivery of 5 x 20-minute fractions (£213.94) and fiducial 
markers (£721.63) 

Conventional 
fractionation 
(38 fractions) 

£7,264 
 

Includes planning costs with CT simulator (£952.28) and 
delivery of one 20-minute fraction (£213.94) and 38 x 15-
minute fractions (£160.46) 

Conventional 
fractionation 
(20 fractions) 

£5,522 

Includes planning costs with CT simulator (£1,163.23), 
delivery of one 30-minute fraction (£213.94), 5 x2- minute 
fractions and 14 x 15 fractions (£160.46) and fiducial 
markers (£721.63) 

Conventional 
fractionation 
(20 fractions) 

£7,581 
Includes planning costs with CT simulator (£1,163.23), 
delivery of 20 x 30-minute fractions (£213.94) 

Conventional 
fractionation 
(20 fractions) 

£4,372 
Includes planning costs with CT simulator (£1,163.23), 
delivery of 20 x 15-minute fractions (£160.46) 

CT: computed tomography; EHFRT: extreme hypofractionated radiotherapy 
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The model differentiates between short-term and long-term side effects of EHFRT and 
conventionally-fractionated radiotherapy. This allows a probability of resolution of side-effects 
to be applied for those occurring after six months of the index treatment, whereas all short-term 
side-effects are assumed to be resolved within the first model cycle. The probability of short-term 
acute genitourinary and gastrointestinal side-effects were obtained from HYPO-RT-PC (Widmark 
et al. 2019). A scenario analysis was conducted using the proportions of people experiencing 
worst RTOG grade 2 severe gastrointestinal and genitourinary adverse events from PACE-B in the 
12 weeks following index treatment (Brand et al. 2019). The costs of grade 2+ genitourinary and 
gastrointestinal side effects were obtained from NICE, inflated to the cost year 2018/2019 using 
NHS inflation indices (table 6) (NICE 2019). 

Table 6. Model inputs: Short-term acute side-effects 

Parameter Input Source 

Short-term acute genitourinary grade 2+  side-effects 

EHFRT 27.57%a Widmark et al. (2019) 

Conventional fractionation 22.91%a Widmark et al. (2019) 

Alternative scenario: EHFRT 23.13% Brand et al. (2019) 

Alternative scenario: 
Conventional fractionation 

27.31% Brand et al. (2019) 

Cost £300.71ab 

NICE (2019) 
Management for urinary incontinence, with 
containment pads 

Short-term acute gastrointestinal grade 2+  side-effects 

EHFRT 8.52%a Widmark et al. (2019) 

Conventional fractionation 6.19%a Widmark et al. (2019) 

Alternative scenario: EHFRT 10.36% Brand et al. (2019) 

Alternative scenario: 
Conventional fractionation 

12.27% Brand et al. (2019) 

Cost £1,838.32ab 

NICE (2019) 
Management for bowel dysfunction, mean 
weighted cost including costs associated with 
sigmoidoscopy, laser therapy, enemas and 
blood transfusion 

a These inputs were fixed in probabilistic sensitivity analysis 
b Inflated to 2018/2019 costs using NHS inflation indices 
EHFRT: extreme hypofractionated radiotherapy 

 

Health state-specific costs per cycle are presented in table 6. Cost inputs obtained from the NHS 
Reference Costs 2019/2020 were varied in probabilistic sensitivity analysis. The national average, 
lower quartile and upper quartile unit costs for the equivalent Healthcare Resource Groups 
(HRGs) were taken from the NHS Reference Costs 2016/2017 (as the 2019/2020 NHS Reference 
Costs do not provide lower and upper quartile unit costs). The difference between the 2016/2017 
lower and upper quartiles and the 2016/2017 national average unit cost was then added to the 
2019/2020 national average cost to give an estimate of the 2019/2020 lower and upper quartile 
unit costs for probabilistic sensitivity analysis. 

People in the ‘Recurrence-free’, ‘Recurrence free with late genitourinary side-effects’, ‘Recurrence-
free with late gastrointestinal side-effects’ and ‘Recurrence-free with resolved side-effects’ 
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health states incur the costs of active surveillance. Those who experience side-effects incur 
additional costs associated with management of those side-effects, which are the same as the 
costs of acute side-effects (table 6). People experiencing side-effects who develop a recurrence 
are assumed to no longer incur costs reflecting management of side-effects. 

Those who experience biochemical recurrence incur the costs of diagnosis, management and 
monitoring (assumed to be 100% effective) of either high-risk localised prostate cancer or 
metastatic prostate cancer, based on the baseline proportion of intermediate- and high-risk 
prostate cancer from HYPO-RT-PC (Widmark et al. 2019). People with high-risk localised prostate 
cancer are at risk of developing metastatic prostate cancer. 

Treatment for high-risk localised prostate cancer is assumed to be radical prostatectomy, as 
people entering the model received radical radiotherapy as index treatment. This was based on 
the NICE recommendation that radical prostatectomy or radical radiotherapy are offered to 
people with high-risk localised prostate cancer when it is likely that the person’s cancer can be 
controlled in the long term. The costs of radical prostatectomy used in the model comprised a 
first surgery consultation, the weighted average cost of elective inpatient radical prostatectomy, 
a follow-up consultation, and the cost of management of adverse events associated with radical 
prostatectomy. The probabilities of adverse events were obtained from NICE, and were assumed 
to occur in the same model cycle as the radical prostatectomy. 

In addition, a proportion of people with high-risk localised prostate cancer receive androgen 
deprivation therapy for up to three years, in line with NICE recommendations (NICE 2019). 

People diagnosed with metastatic prostate cancer (hormone-sensitive and hormone-resistant) 
incur the costs of diagnosis, management with chemotherapy and monitoring (table 7). People 
who die of prostate cancer receive a one-off cost of palliative care of £371, based on Ramsay et al. 
(2015). 

 

Table 7. Model inputs: Health state costs per cycle 

Cost item Total 
cost Description 

Probabilistic 
sensitivity 
analysis 

Source 

Health states: Recurrence-free, Recurrence free w/late genitourinary side-effects, Recurrence-free 
w/late gastrointestinal side-effects, Recurrence-free w/resolved side-effects 

Annual 
surveillance 
year 1 

£276 

PSA once every 3 months for first year; 4 x 
nurse-led follow-up urology outpatient 
attendances in first year; 1 x digital rectal 
examination in first year 

Nurse-led 
follow-up 
urology 
outpatient 
attendance 
varied in 
probabilistic 
sensitivity 
analysis  

Resource use 
obtained from 
NICE (2019), based 
on Ramsay et al. 
(2015). 
 
Unit costs from 
NHS Reference 
Costs 2019/2020 
(NHS England) 
and PSSRU (Curtis 
& Burns 2020). 

Annual 
surveillance 
years 2-5 

£146 
PSA once every 6 months; 2 x nurse-led 
follow-up urology outpatient attendances; 1 
x digital rectal examination 

Annual 
surveillance 
years 6+ 

£13 
1 x PSA annually; 1 practice nurse 
attendance 

Health states: High-risk localised prostate cancer 
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Cost item Total 
cost Description 

Probabilistic 
sensitivity 
analysis 

Source 

High-risk 
localised  
prostate 
cancer, 
tunnel state 
1 

£9,095 

Diagnosis: 
• Two consultant-led outpatient 

appointments 
• MRI 
• MDT cancer meeting 
• Nurse-led urology outpatient 

appointment. 
 
Management: 
• First surgical consultation 
• Radical prostatectomy 
• Follow-up consultation 
• Erectile dysfunction 
• Urinary incontinence 
• Bowel Dysfunction 
• Androgen deprivation therapy (48%): 

Triptorelin 11.5mg injection 2 per cycle 
for 6 cycles (3 years of treatment 
maximum) 

• Bicalutamide 50 mg for 21 days 

Costs: 
Gamma 
distributions 
Weighted 
averages: 
Dirichlet 
distributions 
 
Adverse event 
probabilities: 
Beta 
distributions 
 
Costs of 
urinary 
incontinence, 
bowel 
dysfunction 
and androgen 
deprivation 
fixed. 

Ramsay et al. 
(2015) 
 
NICE (2019) 
 
NHS Reference 
Costs 2019/2020 
(NHS England) 
 
BNF (Joint 
Formulary 
Committee 2021) 

High-risk 
localised 
prostate 
cancer, 
tunnel 
states 2-6 

£265 

High-risk monitoring: 
• CT scan and bone scan once annually 
Continued androgen deprivation therapy 
(48%): Triptorelin 11.5mg injection 2 per 
cycle for 6 cycles (3 years of treatment 
maximum) 
Bicalutamide 50 mg for 21 days 

Costs: 
Gamma 
distributions 
 
Androgen 
deprivation 
costs fixed. 

NICE (2019) 
 
NHS Reference 
Costs 2019/2020 
(NHS England) 
 
BNF (Joint 
Formulary 
Committee 2021) 

High-risk 
localised 
prostate 
cancer, 
tunnel state 
7 

£66 
High-risk monitoring: 
• CT scan and bone scan once annually 

Costs: 
Gamma 
distributions 

NICE (2019) 
 
NHS Reference 
Costs 2019/2020 
(NHS England) 
 
BNF (Joint 
Formulary 
Committee 2021) 

Health states: Metastatic prostate cancer 

Metastatic 
prostate 
cancer, 
tunnel state 
1 

£4,664 

Diagnosis: 
• Two consultant-led outpatient 

appointments 
• MRI 
• MDT cancer meeting 
• Nurse-led urology outpatient 

appointment 
• Bone scan 
 
Management: 

Costs: 
Gamma 
distributions 
 
Weighted 
averages: 
Dirichlet 
distributions 
 

NHS Reference 
Costs 2019/2020 
(NHS England) 
 
BNF (Joint 
Formulary 
Committee 2021) 
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Cost item Total 
cost Description 

Probabilistic 
sensitivity 
analysis 

Source 

• Docetaxel 160mg vial (6 chemotherapy 
cycles) 

• Delivery of chemotherapy SB12Z (6 
chemotherapy cycles) 

• Management of treatment-related 
adverse events: erectile dyfunction, 
neutropenia, muscoskeletal disorders, 
urinary infection, respiratory disorders, 
cardiac disorders, nervous system 
disorders 

Adverse event 
probabilities: 
Beta 
distributions 
 
Drug costs 
fixed 

Metastatic 
prostate 
cancer, 
tunnel state 
2 

£131 
Monitoring: 
• CT scan and bone scan every 6 months 

Gamma 
distribution 

NICE (2019) 
 
NHS Reference 
Costs 2019/2020 
(NHS England) 
 
BNF (Joint 
Formulary 
Committee 2021) 

Health states: Hormone-resistant metastatic prostate cancer 

Hormone-
resistant 
metastatic 
prostate 
cancer, 
tunnel state 
1 

£13,712 

Monitoring: 
• CT scan and bone scan every 6 months 
 
Management: 
• Abiraterone 6 months (8 months total 

treatment) 
• Docetaxel 9.5 cycles 

Drug costs 
and 
proportions of 
people 
receiving 
abiraterone 
and docetaxel 
fixed. 
 
Other costs: 
Gamma 
distribution 

NHS Reference 
Costs 2019/2020 
(NHS England) 
 
BNF (Joint 
Formulary 
Committee 2021) 

Hormone-
resistant 
metastatic 
prostate 
cancer, 
tunnel state 
2 

£6,078 

Monitoring: 
• CT scan and bone scan every 6 months 
 
Management: 
• Abiraterone 2 months (8 months total 

treatment) 

Drug costs 
and 
proportions of 
people 
receiving 
abiraterone 
and docetaxel 
fixed. 
 
Other costs: 
Gamma 
distribution 

NHS Reference 
Costs 2019/2020 
(NHS England) 
 
BNF (Joint 
Formulary 
Committee 2021) 

Hormone-
resistant 
metastatic 
prostate 
cancer, 
tunnel state 
3 

£312 

Monitoring: 
• CT scan and bone scan every 6 months 
 
Palliative care: 
• Weighted average SD02A-SD05A 

Palliative care, 19 years and over (Base 
case: one attendance per cycle) 

Gamma 
(costs), 
dirichelet 
(proportions 
of FCEs for 
weighted 
average) 

NHS Reference 
Costs 2019/2020 
(NHS England) 
 
BNF (Joint 
Formulary 
Committee 2021) 
 
Assumption 
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Cost item Total 
cost Description 

Probabilistic 
sensitivity 
analysis 

Source 

Health states: prostate cancer and all-cause mortality 

- £0  Fixed  

CT: computed tomography; EHFRT: extreme hypofractionated radiotherapy; FCEs: finished consultant episodes; 
PSA: protein serum albumin; PSSRU: Personal Social Services Research Unit 

 

6. Quality of life inputs 

The utilities used in the model were obtained from Ramsay et al. (2015) (table 8). People 
experiencing side-effects who develop a recurrence are assumed to no longer incur dis-utilities 
for side-effects. Utility values could not be varied in probabilistic sensitivity analysis, as no 
confidence intervals were reported in Ramsay et al. (2015). However, the effects of utilities on 
results were explored in several scenario analyses. An alternative set of utilities was applied, 
based on Helou et al. (2017). 

In a second sensitivity analysis, localised prostate cancer was assumed to have no effect on 
quality of life, in line with assumptions made in the NICE diagnostic model (NICE 2019). 

Table 8. Model inputs: Health state utilities 

Health state Utility Description 
Scenario 
analysis 

(Helou et al) Source 

Recurrence-free 0.88  0.91 
Ramsay et al. 
(2015) 

Recurrence-free w/resolved side-
effects 

0.88  0.91 Assumption 

Recurrence-free w/late 
genitourinary grade 2+  side-
effects 

0.83 
Urinary 
incontinence 

0.88 
Ramsay et al. 
(2015) 

Recurrence-free w/late 
gastrointestinal grade 2+ side-
effects 

0.72 Bowel dysfunction 0.71 
Ramsay et al. 
(2015) 

PCa death 0  0 - 

All-cause mortality 0  0 - 

Health states: High-risk localised prostate cancer 

High-risk localised prostate 
cancer, tunnel state 1 

0.63 
(Scenario 
analysis: 0.88) 

Diagnosis 0.74 
Ramsay et al. 
(2015) 

High-risk localised prostate 
cancer, tunnel states 2+ 

0.88 
Salvage radical 
surgery 

0.74 
Ramsay et al. 
(2015) 

Health states: Metastatic prostate cancer 

Metastatic prostate cancer tunnel 
state 1  

0.45 Diagnosis 0.25 
Ramsay et al. 
(2015) 

Metastatic prostate cancer tunnel 
state 2  

0.80 Hormone therapy 0.25 
Ramsay et al. 
(2015) 
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Health state Utility Description 
Scenario 
analysis 

(Helou et al) Source 

Hormone resistant tunnel state 1 0.58 Castrate resistant 0.25 
Ramsay et al. 
(2015) 

Hormone resistant tunnel states 
2 and 3 

0.46 
Palliative 
treatment 

0.25 
Ramsay et al. 
(2015) 

 

7. Base case results 

The results of the base case analysis are presented in Table 9, which shows the total and 
incremental costs and QALYs over the time horizon (presented on a per patient basis) as well as 
the incremental cost effectiveness ratio (ICER). In the deterministic analysis, EHFRT was found 
to be less costly but less effective than conventionally-fractionated radiotherapy. EHFRT is 
dominated (more costly and less effective) by conventional fractionation. 

Table 9. Base case results 

Treatment strategy 
Cost QALYs ICER (cost per 

QALY) Total Incremental Total Incremental 

Conventional fractionation £12,012.80 - 19.3237 - - 

EHFRT £13,006.32 £993.52 19.3198 0.004 fewer Dominated 

EHFRT: Extreme hypofractionated radiotherapy; ICER: incremental cost effectiveness ratio; QALYs: quality-adjusted 
life years 

 

8. Deterministic sensitivity analysis results 

A series of deterministic sensitivity analyses were conducted, whereby an input parameter was 
changed, the model was re-run and the new cost-effectiveness result was recorded. This form of 
analysis is a useful way of exploring alternative assumptions and determining the key drivers of 
the model results. The results of the deterministic sensitivity analysis presented in table 10 show 
that the model results are sensitive to some key assumptions.  The scenarios were run with and 
without the costs of fiducial markers included in the conventional fractionation arm (to most 
closely match the HYPO-RT-PC study, and current practice in Wales, respectively). 

The scenario analyses show that the results of the cost-utility analysis were highly influenced by 
assumptions regarding slot lengths for fraction delivery. In the base case, it was assumed that 
EHFRT slot lengths were 30 minutes long, while conventional fractionation was delivered as one 
30-minute slot, five 20-minute slots and 14 15-minute slots. Under these conditions, EHFRT is 
dominated (more costly and less effective) compared with conventional fractionation, regardless 
of whether fiducial markers are used in conventional fractionation. 

When compared with conventional fractionation without fiducial markers, EHFRT was cost 
effective when the cost of EHFRT decreased to £4,687 (from £5,722 in the base case). As shown in 
table 9, this was achieved in scenario 2, when the slot length was 15 minutes for all seven 
fractions of EHFRT. EHFRT was also cost effective when slot lengths of 30 minutes were assumed 
for all 20 fractions in the conventional fractionation arm. 

The results were insensitive to changes in other parameters listed in table 10. 
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Table 10. Results of scenario analyses 

Scenario Modelled scenario 

Result 

No fiducial markers in 
conventional 

fractionation arm 
(current practice in 

Wales) 

Fiducial markers 
in conventional 

fractionation 
arm 

0 Base case Dominated  Dominated 

1 
EHFRT 7 x 20-minute fractions, with fiducial 
markers (£4,974) 

Dominated 
£136,106 per 
QALYa 

2 
EHFRT 7 x 15-minute fractions, with fiducial 
markers (£4,599) 

£43,518 per QALYa 
£235,915 per 
QALYa 

3 
EHFRT 5 x 30-minute fractions, with fiducial 
markers (£5,081) 

Dominated 
£107,586 per 
QALYa 

4 
EHFRT 5 x 15-minute fractions, with fiducial 
markers (£4,546) 

£129,080 per QALYa 
£321,477 per 
QALYa 

5 
EHFRT 5 x 20-minute fractions, with fiducial 
markers (£4,278) 

£57,788 per QALYa 
£250,185 per 
QALYa 

6 
Cost of conventional fractionation with 39 
fractions 

£400,854 per QALYa £593,251 per 
QALYa 

7 
Conventional fractionation: 20 x 30-minute 
fractions 

£485,565 per QALYa 
£677,962 per 
QALYa 

8 
Conventional fractionation: 20 x 15-minute 
fractions 

Dominated Dominated 

9 Scenarios 2 and 8 combined Dominated 
£121,844 per 
QALYa 

10 No difference in acute genitourinary toxicity Dominated Dominated 

11 No difference in acute gastrointestinal toxicity Dominated Dominated 

12 
No difference in long-term genitourinary 
toxicity 

Dominated Dominated 

13 No difference in genitourinary toxicity Dominated Dominated 

14 Adverse event data from PACE-B RCT £126,833 per QALYb £20,572 per 
QALYb 

15 
5-year hazard ratios for genitourinary and 
gastrointestinal toxicity 

Dominated Dominated 

16 
100% recovery within 6 months from late 
adverse events 

Dominated Dominated 

17 0% recovery from late adverse events £320,508 per QALYb 
£74,482 per 
QALYb 

18 
100% recovery within 6 months from late 
genitourinary toxicity 

Dominated Dominated 

19 0% recovery from late genitourinary toxicity £134,852 per QALYb 
£26,406 per 
QALYb 

620 
100% recovery within 6 months from late 
gastrointestinal toxicity 

Dominated Dominated 
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Scenario Modelled scenario 

Result 

No fiducial markers in 
conventional 

fractionation arm 
(current practice in 

Wales) 

Fiducial markers 
in conventional 

fractionation 
arm 

21 0% recovery from late gastrointestinal toxicity Dominated Dominated 

22 
100% intermediate-risk prostate cancer at 
baseline (all recurrences are high-risk localised 
prostate cancer) 

Dominated Dominated 

23 
100% high-risk prostate cancer at baseline (all 
recurrences are metastatic prostate cancer) 

Dominated Dominated 

24 
Alternative probability high risk to metastasis 
(Helou et al) 

Dominated Dominated 

25 
No difference in biochemical recurrence 
between interventions 

Dominated Dominated 

26 
No difference in effectiveness: biochemical 
recurrence, early and late toxicity 

£954 (costs only) £207 (costs only) 

27 Local prostate cancer no effect on quality of life Dominated Dominated 

28 Alternative utilities (Helou et al) Dominated Dominated 

29 
Three palliative care attendances per 6 month 
cycle 

Dominated Dominated 

30 
Hazard ratio for prostate cancer death non-
docetaxel 

Dominated Dominated 

EHFRT: Extreme hypofractionated radiotherapy; qol: quality of life 
a N.B. In the South West quadrant of the cost-effectiveness plane, an ICER above £20,000 per QALY indicates that 
EHFRT is more cost effective, as more money is saved per QALY lost. 
b N.B. In the North East quadrant of the cost-effectiveness plane, an ICER above £20,000 per QALY indicates that 
EHFRT is not cost effective 

 

9. Probabilistic sensitivity analysis results 

Probabilistic sensitivity analysis (PSA) was conducted to assess the combined parameter 
uncertainty in the model. In this analysis, the mean values that were utilised in the base case are 
replaced with values drawn from distributions around the mean values. The results of 10,000 
runs of the PSA are shown using an ICER scatterplot and cost-effectiveness acceptability curve 
(CEAC). The ICER scatter plot shows the incremental costs and QALYs associated with each of the 
10,000 runs of the PSA along with the mean result. The CEAC graph shows the probability of each 
strategy being considered cost-effective at the various cost-effectiveness thresholds on the x 
axis. 

The ICER scatterplot in figure 2 shows that the results are distributed across all quadrants of the 
cost-effectiveness plane, with most in the North West (EHFRT dominated) and North East 
quadrants (above the threshold, indicating that EHFRT is not cost effective). The CEAC in figure 3 
shows the probability of EHFRT and conventional fractionation being cost-effective as the cost-
effectiveness threshold increases. At a threshold of £20,000 per QALY, EHFRT was found to have 
a 31% probability of being cost-effective. N.B. uncertainty relating to the slot length could not be 
captured in probabilistic sensitivity analysis, as only point estimates were available for the costs 
of slots. 
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Figure 3: Cost-effectiveness acceptability curve for analysis of extreme hypofractionated 
radiotherapy compared with conventional fractionation 

Figure 2: ICER scatterplot for analysis comparing EHFRT with conventional fractionation 
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10. Limitations 

• The cost of conventional fractionation assumed 20 fractions, whereas those in HYPO-RT-PC 
received 39 fractions. As such, the model assumes equal effectiveness of 20 and 39 fractions. 

• In the base case, costs of fiducial markers were included in the EHFRT arm only, as clinical 
experts advised fiducial markers are not currently used in standard care in Wales. However, 
in the HYPO-RT-PC study, 90% of people received fiducial markers in both the EHFRT and 
conventional fraction arms. This is explored in sensitivity analyses. 

• In line with the NICE diagnostic model, the model assumes linear progression i.e. from 
intermediate to high and then to metastases. Ramsay et al employs a different approach 
whereby the likelihood that a recurrence was metastatic is dependent on the time at which a 
recurrence occurred, with a shorter time frame indicating a higher likelihood of the 
recurrence being systemic 

• The model assumes that treatment for and disutility associated with adverse events ceases 
following prostate cancer recurrence. 

• It is assumed that people in the model do not experience both genitourinary and 
gastrointestinal toxicity. 

• The model did not consider adverse events below grade 2+. 

• There was no explicit modelling of sexual toxicity resulting from index treatment with EHFRT 
or conventional fractionation. 

• No re-interventions were considered as part of primary therapy. 

• Everyone diagnosed with a localised prostate cancer recurrence is assumed to receive 
salvage surgery. No one is managed with watchful waiting. People who enter the model with 
high-risk prostate cancer and who have a recurrence do not receive salvage surgery.  

• Uncertainty relating to the slot length could not be captured in probabilistic sensitivity 
analysis, as only point estimates were available for the costs of slots. 
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