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Seven or less fractions is not the standard of care for intermediate risk prostate cancer 

 

Impressive progress has been made in prostate radiotherapy over the last 20 years, largely 

due to enduring and meticulous effort to optimise dose, fractionation and technique. Image 

guidance, smaller margins and Intensity-modulated radiotherapy (IMRT) have all contributed 

to falling side effect rates with no detriment to PSA control rates.  

 

The latest tranche of radiotherapy trials have tested ultra-hypofractionation (UHC), mostly 

using stereotactic body radiotherapy (SBRT) against standard regiments, which have varied 

over the duration of these studies. One of these studies, the HYPO-RT-PC trial, has recently 

published its outcomes with a median follow up of 5.0 years [1]. These show very encouraging 

and similar toxicity and PSA outcomes regardless of whether the patient received 

conventional fractionation or UHC. However, the remainder of the large trials randomising to 

UHC versus standard fractionation (shown in Table 1) are yet to report medium and long term 

outcomes.  

 

 Number 

of 

patients 

Experimental 

arm 

Standard 

arm 

Primary 

endpoint 

Expected 

publication 

date of 

primary 

endpoint (if 

known) 

PACE B [2] 874 36.25 Gy in 5 

fractions daily 

or alternate 

daily 

62 Gy in 20 

fractions or 

78 Gy in 39 

daily 

fractions 

5 year 

biochemical 

relapse-free 

survival (non-

inferiority 

margin 6%) 

c.2023 

HEAT [3] 456 36.25 Gy in 5 

fractions daily 

or alternate 

daily 

70.2 Gy in 26 

daily 

fractions 

2-year failure 

rate (non-

inferiority 

margin 12%) 

Recruiting  

NRG GU005 

[4] 

622 36.25 Gy in 5 

fractions 2-3 

fractions per 

week 

70 Gy in 28 

daily 

fractions 

Disease-free 

survival, 

EPIC MID in 

GU and GI 

domains 

 

Recruiting  

Abbreviations: EPIC MID: Minimally important decline in quality of life in the EPIC GU or GI 

domains.  
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Whilst it is tempting to change practice based on one trial, with so much Level one evidence 

outstanding, is this premature? Does this put our community at risk of a medical reversal [5]? 

 

If SBRT is to be proven to be the new standard of care it needs to pass at least two of three 

fundamental tests. Firstly, is it as good, or better, at curing cancer, as defined by PSA control? 

Secondly, it should produce no more side effects than standard care. Thirdly, it should offer 

superior cost-effectiveness for hospitals and/or improved convenience to the patient. 

 

At present, there is a wealth of evidence supporting the current standard of care, which we 

believe to be 60 Gy in 20 fractions over 4 weeks. We will briefly review this evidence below 

but point the interested reader to an more expansive review of the evidence within the NHS 

England [6] and ASTRO, ASCO and AUA guidelines [7]. However, there is also a large body of 

research attesting to the use of 1.8-2 Gy per fraction schedules which produce equally 

satisfactory outcomes compared with 4 weeks of therapy but are less convenient for patients 

and consume greater resource. 

 

PSA outcomes of moderate hypofractionation 

 

There are now 4 large randomised trials demonstrating that moderate hypofractionation is 

equivalent to standard fractionation, usually defined as 2 Gy per fraction or similar. Three of 

these trials, CHHiP [8], PROFIT [9] and RTOG 0415 [10], each confirmed non-inferiority of 

moderate hypofractionation, compared to standard fractionation. The fourth, the HYPRO trial 

[11], was designed as a superiority trial but failed to show that moderate hypofractionation, 

at a slightly higher equivalent dose, was superior to standard fractionation. Nevertheless, in 

HYPRO, the biochemical outcomes for both 2 Gy and 3.4 Gy per fraction were similar and the 

patient-reported outcomes were similar (although not formally shown to be non-inferior) 

[12]. 

Taken together, they provide strong evidence that moderate hypofractionation should be 

global standard of care, at least for patients who would have been eligible for these trials [13]. 

The majority of randomised patients had intermediate risk disease but the results were robust 

either with (CHHiP) or without (PROFIT) additional short course androgen deprivation 

treatment (ADT). 

 

The PSA outcomes of moderate hypofractionation are very good. The biochemical control 

rate at 5 years was 90.6% in CHHiP [8], 85% for PROFIT [9], 86.3% in RTOG-0415 [10] and 

80.5% in HYPRO (which consisted of a largely high risk cohort) [11]. In the intermediate risk 

subgroup which we discuss here, it is unlikely that SBRT will be able to demonstrate superior 

biochemical outcomes, simply due to the small potential absolute effect size. If less than 10% 

of all patients have PSA failure at 5 years then the numbers need to demonstrate an 

improvement in biochemical outcomes, with certainty, would be prohibitive for any trial 

funder.  
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Due to the last decade of research into standard fractionation, we also have developed 

alternative methods of tipping the therapeutic ratio in our favour, such as increasing dose 

solely to the dominant tumour lesion seen on MRI at diagnosis, rather than to the whole 

gland. The concept of a biological target volume, dose-escalated focally to improve PSA 

control rates [14] has been tested in the FLAME [15] and DELINEATE [16] trials. These trials, 

and others [17], suggest that focal boosting can be achieved with little/no penalty to toxicity; 

it remains to be seen whether focal boosting increases control or cure rates. If so, then it 

cannot be necessarily extrapolated that the same would be true in 5 fractions, nor can we 

directly extrapolate that the toxicity of a boost will be similarly tolerable in 5 fractions. Both 

trials mentioned above have evolved to start testing this hypothesis as well (HYPO-FLAME 

(NCT02853110) and DELINEATE cohort E (ISRCTN04483921)) but results will likely take many 

more years to be mature.  

 

Deficit in evidence for SBRT 

 

Although the HYPO-RT study is often quoted in support of UHC, it is not technically an ‘SBRT 

study’ as the delivery technique was 3D conformal. Nevertheless the doses delivered are in 

the range of UHC, and the divergence of dosimetry and delivery technique from traditional 

SBRT would not likely change the PSA outcomes. These technical differences may however 

make a difference to the toxicity rates.  

 

Apart from this solitary phase III trial, the remainder of the evidence supporting SBRT is from 

largely retrospective series of prospective phase II studies. Some of these are quite large 

[18][19], including many thousand patients between them. However, prospective or 

retrospective cohort studies remain compromised despite attempts to limit bias by 

propensity score matching. It is well documented that matching is unable to account for 

unknown biases [20], which are prevalent in studies of surgery versus radiotherapy for 

prostate cancer. This has been well demonstrated by the discordance between population 

based data [21] and randomised trial data [22] . We simply do not know the unknown biases 

which affect our data, and hence cannot completely account for them.  

 

The medical literature is littered with examples where the standard of care is eventually 

tested and found to be of no benefit or, occasionally, worse than doing nothing at all. In fact, 

a literature review by Prasad et al [5] suggests that in 40% of cases where a previously 

accepted standard is tested, this is found to be useless or harmful. Recent examples include 

the use of percutaneous coronary intervention for asymptomatic coronary artery disease [23] 

and the use of vertebroplasty, previous thought to be useful in analgesic benefit for 

osteoporotic vertebral wedge fractures [24]. In the case of the former, the cardiological 

community has reacted strongly to the suggestion that a commonly used procedure is not as 

good as medical management – see here for a comprehensive rebuttal by the authors of the 
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criticisms of the trial [25]. It is therefore encumbent on us, as a data-driven speciality, to be 

as sure as possible that SBRT is equivalent to moderate hypofractionation before changing 

practice.  

 

Toxicity outcomes of moderate hypofractionation  

 

Cancer control is clearly the primary aim of radiation but for intermediate risk patients, likely 

to live many years or decades after treatment, the absence of toxicity is almost as important 

an objective. The same technological revolution which has seen PSA control rates climb over 

the last 2 decades has also considerably reduced toxicity rates.  

 

In the CHHiP trial, the chance of a Grade 2 rectal toxicity (prevalence; RTOG scale) at 2 years 

post-treatment was 3%. For genitourinary (GU) symptoms, 2% recorded Grade 2 toxicity at 2 

years post-treatment. Cumulative rates are higher; 11.9% Grade 2 GI toxicity, and 11.7% 

Grade 2+ GU toxicity over the first 5 years following treatment, but for many this toxicity is 

transient (incidence of Grade 2 GI and GU toxicity at 5 years is 2.3% and 1.8% respectively 

(RTOG) [8]. 

 

At standard fractionations, previous work has correlated dose constraints to the rectum and 

outcome [26–29]. Gulliford et al confirmed a relationship between the number of constraints 

‘missed’ in the RT01 trial with clinician-reported toxicity. Thor et al retrospectively analysed 

the randomised RTOG 0415 trial and found that restricting the minimum dose to the hottest 

5% of the rectum to  62 Gy EQD2 (/ 3 Gy) would reduce G2+ RTOG toxicity from 20 % 

(assuming the D5% was >65 Gy) to 10% [29]. Therefore standard fractionation radiotherapy 

can now be optimised to minimise the risk of rectal side effects and, as shown in Ferreira et 

al recently [27], if these constraints are respected, the chance of toxicity with conventional 

hypofractionation is low. The minimal rates of toxicity seen in the CHHiP trial, amongst others, 

are the fruit of many years of work, refining the optimisation equation.  

 

In contrast, although many candidate structures, such as whole bladder, bladder trigone and 

urethra, have been proposed for GU toxicity [30][31][32], none have consistently been shown 

to predict toxicity. In the dosimetric analysis of RTOG 0415 [29], no correlation between 

bladder dose and physician-reported toxicity could be found. For erectile dysfunction (ED), 

accumulating evidence suggests that dose to the penile bulb is correlated with long term ED 

[33][34][35]. 

 

In contrast, for SBRT, our knowledge of toxicity-predicting dose-volume parameters is in its 

infancy. Large, well conducted future studies of the existing randomised trials of SBRT will 

undoubtably improve our understanding of how to minimise toxicity, but at present we rely 

on constraints largely inherited unchanged from some of the earliest experiences of 

Cyberknife SBRT [36]. It is likely that these can be improved using the data from large 
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randomised trials which will enable us to develop better dosimetric predictors of toxicity. This 

work will be occurring over the next few years.  

 

Could SBRT be worse for quality of life? 

 

Often little attention is paid to acute toxicity, but even short lived symptom flares can impact 

our patients and their quality of life. As late toxicity becomes rarer, perhaps more priority 

should be given to reducing short term side effects of treatment.  

 

Short-lived acute toxicity (both GU and GI) was common at Grades 1-2 in the CHHiP trial, but 

was almost halved in the 60 Gy arm of the recently published PACE B trial [2]. The chance of 

a Grade 2 toxicity during the acute toxicity period was 12.3% for GI and 27.3% for GU, 

compared with 38% (GI) and 49% (GU) in CHHiP [8]. Therefore, even in the most recent series, 

acute toxicity remains an issue for some men. No difference in the rate of RTOG GI or GU 

toxicity, or in the patient-reported outcomes, was seen between the SBRT and the standard 

arm.  

 

In the HYPO-RT-PC trial, there was, in contrast to PACE B, evidence of worse physician- and 

patient-reported bowel and bladder symptoms at the end of radiotherapy, compared to 

standard fractionation [1]. This differential increase in toxicity normalised thereafter with the 

exception of a short-lived deterioration again in GU symptoms at 1 year. The frequency of 

acute GU toxicity of Grade 2+ at the end of radiotherapy was in 23% (standard) vs 28% (UHC) 

patients, which corresponded to a significant deterioration in patient-reported GU problems. 

Although there was no significant difference in physician-reported GI toxicity at the end of 

radiotherapy, there was a deterioration in patient-reported bowel symptoms which settled 

by 12 months.  

 

The pathogenesis of the short-lived deterioration in GU symptoms 9-12 months after UHC has 

been observed in several studies  [37][38]. In HYPO-RT the rates of Grade 2+ GU toxicity of 

2% for standard fractionation vs 6 % for UHC were seen at one year, having been similar 

between 3 and 6 months of follow up. This is mirrored in patient-reported outcomes at 12 

months [1]. The long term significance of this is unknown, and in particular whether it predicts 

for those with longer term problems with LUTS.  

 

Although there seems to be a signal from HYPO-RT that short term toxicity may be worse with 

UHC, as mentioned above, the margins were larger than standard SBRT margins, and most 

patients received 3D conformal radiotherapy. The early PACE B trial results have provided 

some reassurance that these techniques will attenuate any increase in toxicity in the short 

term. Long term results from PACE B are awaited.  

 

Radiobiology – is all as it seems? 
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All of the trials of moderate or extreme hypofractionation have been based on the premise 

that prostate cancer has a high fraction sensitivity and have chosen the doses in the 

experimental (hypofractionated) randomised groups using low estimates for the alpha/beta 

ratio. For example in the HYPO trial-RT trial [1] , an alpha/beta ratio of 3Gy was chosen but 

importantly stated “disregarding any effects due to difference in treatment time between the 

fractionation schedules”. The other recent RCTs [8–11] used alpha/beta ratios of about 2Gy 

or less. However Thames and colleagues [39] suggested that there was a time (or protraction) 

factor when using conventional high dose radiotherapy, based on analysis of a cohort of 4839 

men. Similarly, in a meta-analysis of the alpha /beta ratio for prostate cancer higher values 

were estimated when a time factor was included [40].  

 

Estimations of the potential impact of treatment duration are complex and factors may 

include overall treatment time (0TT), “kick off“ time (Tk) and the slope of recovery which may 

be linear or follow a higher order function. The CHHiP and PROFIT trials were compatible with 

alpha/beta ratios of about 1.8Gy and 1.3 Gy respectively without consideration of time but 

the estimate of the alpha/beta ratio from the HYPRO study (10), which protracted treatment 

to 55 days in the hypofractionated group (64.6Gy in 19 fractions), is about 4.8Gy. Our group 

has examined these randomised trial results using best fit methodologies which suggest the 

alpha/beta ratio may be about 5Gy with Tk of 23 days [41][42]. It should also be noted that 

side effects for both bowel and bladder have been reported as very similar in most of the 

hyofractionation studies [1,8–10] and that alpha/beta ratios as high as 4.8 Gy have been 

proposed for the rectum [43]. All of such modelling comes with a “health warning” as there 

are too many unknown parameters to be solved using available data. Nevertheless OTT 

should perhaps be considered in future trial analysis and design. It could be that there are 

exploitable differences in time effects between PCa and normal tissues. It is also important to 

appreciate that the favourable toxicity results reported in these recent studies may be very 

reliant on treatment technique, including planning methods, target definition, margins and 

treatment volumes, as well as dose and fractionation schedules. When implementing or 

testing extreme hypofractionation, it is mandatory to use the most accurate methods of 

radiation delivery.  

 

Cost-effectiveness 

 

Modest hypofractionation for prostate cancer has been estimated to save the NHS £28milion  

per year compared with the previous standard 2 Gy /fraction schedules [44]. Nevertheless 

daily treatment for 4 weeks remains a significant burden to healthcare providers, with key 

costs of longer fractionation including machine and radiographer time. Most healthcare 

systems have a poor understanding of the true cost of treatments, but it may be reasonable 

to assume that SBRT is cheaper to deliver due to the smaller number of fractions if delivered 
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on gantry-based linacs, although this needs to be balanced against the increased treatment  

time on machines such as the CyberKnife and the MR-Linac. 

 

A recent systematic review has explored the cost effectiveness of different radiotherapy 

modalities [45]. The authors include all published articles with a full-economic evaluation, and 

found three articles comparing SBRT to IMRT. Whilst all three articles conclude that the cost 

of SBRT (in a US healthcare system) is less than IMRT, this conclusion hinges on assuming 

comparative effectiveness which, as mentioned above, has yet to be concluded. Should the 

trials in Table 1 show that SBRT is as effective as IMRT in controlling prostate cancer, then it 

is likely that SBRT can be concluded to be more cost-effective, at least in the US system. In 

the UK, reimbursement to hospitals for radiotherapy is much less – about half the 

reimbursement to US hospitals – and so these analyses will need to be repeated using UK 

data to give a robust conclusion. Other healthcare systems will also need to analyse the 

eventual outcome data using their own payer-provider structure.  

 

Conclusion 

The data supporting 5-fraction SBRT looks encouraging. However, aside from the 7-fraction 

HYPO-RT trial, the equivalence of ultra-hypofractionation to standard fractionation has not 

yet been proven. We propose that the global standard remains moderate hypofractionation, 

in 60 Gy in 20 fractions or similar, until current phase III trials of 5-fraction SBRT are published. 

Better safe than sorry.  
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