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ABSTRACT

Problem: A low o/ ratio for prostate cancer (PCa) compared to surrounding normal tissue theoretically
implies therapeutical advantages with hypofractionated treatment. Data from large randomised control
trials (RCTs) comparing moderate hypofractionated (MHRT, 2.4-3.4 Gray/fraction (Gy/fx)) and ultra-hypof-

ractionated (UHRT, >5 Gy/fx) with conventionally fractionated radiation therapy (CFRT, 1.8-2 Gy/fx) and KEYWORDS ]
the possible clinical implications have been reviewed Prostate cancer; moderate
. hypofractionated;

Materials and method: We searched PubMed, Cochrane and Scopus for RCT comparing MHRT/UHRT with
CFRT treatment of locally and/or locally advanced (NOMO) PCa. We found six RCTs, which compared differ-
ent radiation therapy regimes. Tumour control and acute and late toxicities are reported.

Results: MHRT was non-inferior to CFRT for intermediate-risk PCa, non-inferior for low-risk PCa and not
superior in terms of tumour control for high-risk PCa. Acute toxicity rates were increased compared to
CFRT, especially an increase in acute gastrointestinal adverse effects was seen. Late toxicity related to MHRT
seems to be comparable. UHRT was non-inferior in terms of tumour control in one RCT, with increased
acute toxicity, but with comparable late toxicity. One trial, however, indicated increased late toxicity rates
with UHRT.

Discussion and conclusion: MHRT delivers similar therapeutic outcomes compared to CFRT in terms of
tumour control and late toxicity for intermediate-risk PCa patients. Slightly more acute transient toxicity
could be tolerated in favour of a shorter treatment course. UHRT should be regarded as an optional treat-
ment for patients with low- and intermediate-risk disease applied at experienced centres in concordance
with international and national guidelines.

ultrahypofractionated;
radiation therapy

Background
9 Conventionally fractionated external beam radiation therapy

(CFRT) consists of daily 2.0 Gray (Gy) doses given 37-39 times
over a period of 7-9 weeks. The long overall treatment time with

The incidence of prostate cancer (PCa) in Scandinavia was
166/100.000 in 2019 [1]. The majority of patients had localised

disease. Treatment options for localised PCa consisting of radia-
tion therapy, surgery or active surveillance have shown equal
outcomes [2]. Radiation therapy with curative intent is the
standard treatment for locally advanced PCa where the addition
of radiation therapy to androgen deprivation therapy (ADT) has
shown improved overall survival [3, 4]. Data comparing the dif-
ferent treatment options for locally advanced PCa are sparse,
though the SPCG15 study is currently randomising between
radiation therapy and surgery as treatment for locally advanced
PCa (NCT02102477).

Radical prostatectomies were done in 26% (n = 1,117) of
all diagnosed patients in 2020 in Denmark and half as
many received radiation therapy as primary treatment.
The numbers are similar for Norway. Almost an equal number
of patients received either radiation therapy or surgery in
Sweden [5-7].

many hospital visits poses a challenge for CFRT because of the
burden to patients and to the healthcare system.

The linear-quadratic model describes the relationship
between cell survival and radiation dose, and the o/ ratio is the
dose where cell killing due to the linear and quadratic
components is equal. Considerable evidence supports the
assumption that PCa has a relatively low a/f ratio between 1.5
and 3.1 Gy [8-10]. Therefore, increasing ‘dose per fraction’ with
an overall lower total dose and fewer fractions should in theory
resultin arelatively greater tumour control with the same effects
on normal tissues or similar tumour control with less effects on
the normal tissues [10]. Moderate hypofractionated external
beam radiation therapy (MHRT) consists of 2.4-3.4 Gy per
fraction over 20-30 treatments [11, 12]. Ultra hypofractionated
external beam radiation therapy (UHRT) is defined as delivering
>5 Gy per fraction, though a clear definition lacks [13].
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As excellent reviews and meta-analysis are available in this
field [14, 15], the purpose of this article is to give a brief
update of primary curative treatment of PCa using moderate or
ultra-hypofrationated radiation therapy in comparison with
conventionally fractionated radiation therapy with regards to
tumour control and acute and late toxicities.

Methods

We searched PubMed (n = 79), Cochrane (n = 47) and Scopus
(n = 167) for randomised control trials (RCTs) comparing MHRT
and UHRT with CFRT. The inclusion criteria were as follows: a
minimum follow-up period of 5 years; studies with at least 300
patients; studies that treated patients with external beam radia-
tion only; locally or locally advanced (NOMO) PCa. Data for
tumour control and acute and late toxicities were collected from
the studies. Search terms included the following, which is per-
formed on 27.11.22:((((prostatic neoplasm[MeSH Terms]) AND
(radiotherapy[MeSH Terms])) AND (hypofractionated)) AND
(Randomized Controlled Trial[Filter])) AND (English[Filter]); see
Figure 1. Figure 1 illustrates the PubMed search and selection.
With Cochrane and Scopus searches, no additional articles were
found.

Results

An overview of the results regarding MHRT is shown in Tables 1
and 2. Three studies (RTOG 0415 [16], CHHiP [17] and PROFIT
[18]) investigated MHRT compared with CFRT, with relapse-free
survival as primary endpoint with a non-inferiority design. One
study, HYPRO [19, 20], investigated MHRT compared with CFRT
with similar primary outcome, but a different study design. This
trial was designed such that 10% better relapse-free survival
was needed for MHRT compared with CFRT to conclude superi-
ority, combined with a non-inferiority approach with respect to

toxicity [21, 22]. MHRT was non-inferior to CFRT in the previously
mentioned studies, except for CHHiPs 57 Gy arm [17]. A statisti-
cally significant increase in acute gastrointestinal (GI) toxicity
was observed in the arm receiving hypofractionated radiation
therapy in CHHiP, PROFIT and HYPRO. Acute genitourinary (GU)
toxicity rates were similar in both treatment arms for CHHiP,
PROFIT and RTOG 0415. Late toxicity rates were similar for CHHiP
and PROFIT but statistically significantly increased for MHRT in
RTOG 0415. MHRT was not superior to CFRT in the HYPRO study.
Regarding acute and late toxicity rates in the HYPRO trial, MHRT
did not confirm non-inferiority compared with CFRT [21, 22].

An overview of the results regarding UHRT can be seen in
Tables 3 and 4. We found two RCTs investigating UHRT compared
with CFRT, HYPO-RT-PC [23] and PACE-B [24, 25]. UHRT was non-
inferior to CFRT in HYPO-RT-PC [23]. Except for an increased GU
toxicity occurring with UHRT at 1-year follow-up, no difference
in late toxicity rates between UHRT and CFRT was found in the
HYPO-RT-PC study. Follow-up for PACE-B is still short, and
survival data have not been published. PACE-B found no
statistically significant difference in acute GU/GI toxicity rates
between the treatment regimes [24]. Late GU toxicity after
2 years for UHRT was significantly increased [25].

The prevalence of overall patient reported bowel, urinary
and sexual bother at 5-years was similar between the schedules
in CHHIP. There was some evidence for less sexual bother in the
MHRT schedules compared with the CFRT regime [26]. Patient
reported bowel and urinary bother was increased with MHRT in
the acute phase in the HYPRO study [27]. The rates dropped
considerably after 3 months, and no pattern of more persisting
complaints with MHRT compared to CFRT after the acute period
was seen. The investigated quality of life for patients in the RTOG
0415 study showed that MHRT was non-inferior to CFRT in
patient reported outcome on bowel, bladder and sexual bother
[28]. Patient-reported outcomes were not significantly different
for UHRT in HYPO-RT-PC or PACE-B [25, 29].

Excluded (n = 69)
-Phase 2 RCT (n=7)
-Less than 300 patients (n = 13)
-Not local/locally advanced (n = 2)
-Others (n = 47)

n=79

*HYPRO has published results in 4 articles, and PACE-B in 2 articles. Others = studies on leucotoxicity, protons, carbon ions, dose-escalated hypofraction-

ation, fiducial markers, pelvic radiation, macroscopic haematuria and more.

Figure 1. Exclusion and inclusion of studies on hypofractionated radiation therapy.



Table 1. Studies on moderate hypofractionated radiation therapy.
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Reference Number Endpoint Risk T-stage/PSA/ Total dose (Gy)/number of fractions/ RT method ADT
of group Gleason score total treatment time (weeks)
patients (GS)
RTOG 0415 550 5 years 100% L T1-T2 70/28/5.6 3D-CRTin 21% and None
[1e] 542 PSA < 10 ng/mL 73.8/41/8.2 IMRT in 79% of
GS<6 patients
CHHIP [17] 1,077 5 years 15% L T1-T3 57/19/3.8 IMRT and IGRT in 97%
30% of patients
1,074 73%1 PSA <40 ng/mL 60/20/4
1,065 12% H GS<8 74/37/7.4
HYPRO 407 7 years 26% | T1-T4 64.4/19/6.5 IMRT in 95% and 67%
[19-22] 397 74% H PSA < 60 ng/mL 78/39/8 IGRT in 94% of
GS<10 patients
PROFIT [18] 608 5 years 100% | T1-T2 60/20/4 3D-CRT allowed. 5%
598 PSA <20 ng/mL 78/39/8 IMRT encouraged.
GS<7 IGRT demanded.

RT: radiation therapy; IMRT: intensity-modulated radiotherapy; 3D-CRT: 3D conformal radiotherapy; L: low risk; I: intermediate risk; H: high risk; IGRT: image-
guided-radiation-therapy; ADT: androgen deprivation therapy. HYPRO risk group is according to Chism et al. [42], and the rest is NCCN.

Table 2. Tumour control and toxicity with moderate hypofractionated radiation therapy.

Reference MHRT vs. Early Early Late Late Endpoint (relapse-free,
CFRT RTOG=2 Gl (%) RTOG=2 GU (%) RTOG=2 Gl (%) RTOG=2 GU (%) biochemical or clinical,
survival) (%)
RTOG 0415 [16] MHRT 1 27 22 30 86
CFRT 10 27 14 23 85
CHHiP [17] MHRT (57Gy) 38 46 1 7 86
MHRT (60Gy) 38 49 12 12 91
CFRT 25 46 14 9 88
HYPRO [19-22] MHRT 42 61 22 41 72
CFRT 31 58 18 39 68
PROFIT [18] MHRT 17 31 9 22 85
CFRT 11 31 14 22 85

RTOG: radiation therapy oncology group; CFRT: conventionally fractionated radiation therapy; MHRT: moderate hypofractionated radiation therapy; Gy:
Gray. All percentages are cumulative, early toxicity within 90-120 days and late toxicity at study endpoint.

Table 3. Studies on ultra-hypofractionated radiation therapy.

Reference Number  Endpoint  Riskgroup T-stage/PSA/Gleason Total dose (Gy)/number of fractions/ ~ RT method ADT
of patients score (GS) total treatment time (weeks)

HYPO-RT-PC 602 5 years D’Amico T1-T3 78/39/8 3D-CRT 80%, None
[23] 598 89% | PSA 10-20 ng/mL 42.7/7/2.5 VMAT/IMRT 20%,

11%H GS=7 IGRT 100%
PACE-B 441 Ongoing NCCN T1-T2 78/39/8 or 62/20/4 IMRT 119%, None
[24,25] 433 8% L PSA < 20 ng/mL 36.25/5/1.2 Cyberknife 20%,

92% | GS < 8 (excluding 4 + 3) VMAT 67%, others 3%

RT: radiation therapy; NCCN: National Comprehensive Cancer Network; VMAT: volumetric-modulated arc therapy; IMRT: intensity-modulated radiation
therapy; IGRT: image-guided-radiation-therapy; ADT: androgen deprivation therapy; 3D-CRT: 3D-conformal radiation therapy; L: low risk; I: intermediate risk;

H: high risk.

Discussion

Curative radiation therapy is a cornerstone treatment for local-
ised and locally advanced PCa. Shorter treatment would be
more convenient for patients and save costs, but new schedules
have to control efficacy and toxicity. One of the early pioneering
studies for MHRT vs. CFRT, the Lukka trial [30], showed no differ-
ences in meaningful clinical outcomes. However, this trial used a
rather low total radiation dose, which is considered non-cura-
tive with contemporary radiation standards.

The non-inferiority studies have investigated if
hypofractionated radiation therapy could maintain equal tumour
control and toxicity rates compared to conventionally fractionated
radiation therapy. Only the HYPRO study used a superiority design
for tumour control and a non-inferiority design for toxicity
rates.

Results from the CHHiP and PROFIT studies have led to a
paradigm sshiftinthe treatmentofintermediate PCaand constitute
the evidence for international guidelines recommending MHRT
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Table 4. Tumour control and toxicity after ultra hypofractionated radiation therapy.

Reference UHRT vs. Early RTOG=2 Early RTOG=2 Late RTOG=>2 Late RTOG=>2 Endpoint (relapse-free,
CFRT (MHRT) Gl (%) GU (%) Gl (%) GU (%) biochemical or clinical, survival)
(%)
HYPO-RT-PC [23] UHRT 8 28P 100 18> 84
CFRT 6° 23b 100 17° 84
PACE-B UHRT (SBRT) 10° 230 8° 18° n/a
[24, 25] CFRT or MHRT 120 27° 8° 11° n/a

n/a: not-available; RTOG: radiation therapy oncology group; a: frequency; b: cumulative; SBRT: stereotactic body radiotherapy; CFRT: conventionally
fractionated radiation therapy; MHRT: moderate hypofractionated radiation therapy; UHRT: ultra hypofractionated radiation therapy; GU: genitourinary
toxicity; Gl: gastrointestinal toxicity; early toxicity for HYPO-RT-PC at treatment end, early toxicity for PACE-B within 12 weeks and late toxicity at study

endpoint for HYPO-RT-PC.

for intermediate-risk PCa. Nevertheless, many issues remain
uncertain, for instance, the lack of data regarding long-term
follow-up beyond 10 years for late toxicities, the lack of observed
superiority for MHRT despite of a low a/B, ADT necessity and to
whom UHRT should be recommended.

The fact that MHRT did not show superiority in the HYPRO-
study may be explained by a time factor. Treatment time for
patients receiving MHRT in HYPRO was 6.5 weeks compared
with 3.8-4 weeks in CHHiP. This time factor could be of
importance, but it is not regarded in the basic form of the linear
quadratic model [31]. Other possible explanations mightinclude
an overestimation of the a/p ratio in the linear quadratic model
orunknown factorsin tumour biology, i.e. tumour heterogenicity
that may affect radiosensitivity. The suggestion that biochemical
control maxes out at 80 Gy EQD2 might be an alternative
explanation [32]. Further analysis disputes this [33]. The
observed inferiority in the CHHiPs 57 Gy group may be explained
by the fact that the a/p ratio is greater than the anticipated 1.5
Gy. Giving a total of 57 Gy in 3 Gy fractions is therefore probably
not sufficient for obtaining tumour control. However, men aged
> 75 years tumour control was attained with the 57 Gy
hypofractionated treatment. There is a potential advantage in
the 57 Gy schedule, with less toxicity without compromised
treatment efficacy, for men > 75 years [34].

ADT blocks the increase in androgen receptors in tumour
tissue after radiation [35]. However, the impact of ADT on the
a/B ratio remains unknown [36]. Ninety seven percent of
the patients in CHHiP received ADT compared with 5% of the
patients in PROFIT, which likely accounts for the observed
difference in biochemical control at 5-years (91% vs. 85%)
[37]. A similar increase (13%) in 5-year PSA-control with
6 months ADT has been detected in the EORTC 22991 study,
which investigated the use of adjuvant ADT to radiation
therapy [38]. The combination of ADT with CFRT has previously
shown a decrease in positive post-treatment biopsies
compared to ADT only treatment (66% vs. 22%) [39]. The RCT
PACE-C currently investigates UHRT and MHRT with or without
ADT (NCT01584258). A meta-analysis, cohort study concludes
that substantial evidence of safety and efficacy for UHRT exists
[15, 40].

An increase in acute Gl toxicity was observed with MHRT
compared with conventionally fractionated radiation therapy in
the CHHiP and PROFIT studies. Only 30% of the patients in

Table 5. Equivalent dose in 2 Gy fractions (EQD2).

Reference Total dose (Gy)/number EQD2 EQD2 a/f =3.0

of fractions/total a/f=15 Gy Late normal

treatment time (weeks) Gy PCa tissue reaction
RTOG 0415 [16] 70/28/5.6 80 Gy 77 Gy
CHHIP [17] 57/19/3.8 73 Gy 68 Gy
60/20/4 77 Gy 72 Gy
HYPRO [19-22] 64.6/19/16.5 91 Gy 83 Gy
PROFIT [18] 60/20/4 77 Gy 72 Gy
HYPO-RT-PC [23] 42.7/7/2.5 93 Gy 78 Gy
PACE-B [24, 25] 36.25/5/1.2 91 Gy 74 Gy

EQD2: equivalent total dose in 2 Gy fractions with no correction for overall
treatment time; PCa: prostate cancer; EQD2 = D x ([d + (a/R)1/ [2 + (a/B)]).

CHHIP received image-guided radiation therapy (IGRT), which
may explain the relative larger toxicity observed here compared
with PROFIT where treatment was delivered with daily image
guidance [37]. Image-guided radiation therapy may improve
toxicity rates [41]. The relatively larger delivered biological
radiation dose may account for the relatively higher adverse
toxicity rates observed in HYPRO compared with CHHiP and
PROFIT (see Table 5). Differences in toxicity rates might also be
due to differences in CTV-PTV margins and differences in dose-
volume constraints applied.

An increase in late toxicity rates for MHRT was observed in
RTOG 0415. This may be expected as Dearnaley points out that
EQD2 was higher for the patients receiving MHRT [37] (see
Table 5). No difference in late toxicities was observed in CHHiP.
However, a significant increase in late Gl toxicity was observed
with CFRT compared with MHRT in PROFIT. The observed
inferiority in HYPRO for toxicity with MHRT may again be
explained by EQD2 (83 Gy), and the fact that baseline toxicity
rates were high in the HYPRO study [42]. Furthermore, age and
the use of ADT were correlated and associated with greater late
genitourinary toxicity rates in HYPRO [21].

An obvious disadvantage with MHRT is the increased
occurrence of acute toxicities, especially Gl side-effects.
Therefore, the use of MHRT requires thorough consideration.
Nevertheless, MHRT does not show an increase in late toxicity
rates. Substantial evidence of long-term follow-up data of
8 years is available supporting the safety of MHRT [43], though,
as mentioned by Koontz et al. in a systematic review, a 10-year
follow-up is lacking [44]. However, it is likely that most severe
late toxicities occur within the first 2 years [45]. According to



guidelines [12], the use of MHRT external beam radiation
therapy as treatment for PCa should only be performed with
IGRT and IMRT. Radiation therapy requires conformality [46, 471,
especially with higher doses per fraction as with MHRT and
UHRT, because of the increased risk of damage to normal tissue
in each fraction.

Toxicity related to radiation therapy can be measured
according to guidelines from the ‘Radiation Therapy Oncology
Group’ (RTOG). The observed decrease in acute grade 2 or worse
RTOG GU toxicity in PACE-B compared to the HYPO-RT-PC study
may be due to the highly conformal radiation technique used in
PACE-B. Another possible reason might be that the EQD2,
without time correction, is lower in PACE-B than in HYPO-RT-PC.
Furthermore, differences in risk groups may account for
differences in acute toxicity rates between HYPO-RT-PC and
PACE-B. In PACE-B, late GU toxicity after 2 years for UHRT was
significantly increased. The authors themselves conclude that
with the 2 years follow-up, SBRT was associated with a higher
rate of late GU toxicities [25]. To avoid increased late GU side
effects, technical approaches may be explored to reduce the
genitourinary tract dose without narrowing the therapeutic
window [48].

Should MHRT and UHRT be recommend to all PCa patients?
MHRT might not be recommended for high-risk patient based
on the 74% high-risk patients included in HYPRO. Even though
this trial failed to show superiority regarding failure-free survival,
this was in fact better for MHRT compared with CFRT, both at
5 and 7 years. In addition, their subgroup analysis showed
similar results for intermediate-risk and high-risk patients and
no significant interaction between risk group and fractionation
schedule.

The two RCTs on UHRT included also few high-risk patients
to make recommendations. The current European Association
of Urology (EAU) guidelines conclude that UHRT should be
restricted to prospective clinical trials. On the contrary to EAU,
NCCN guidelines state that UHRT could be offered to low,
intermediate and high-risk PCa, and the German Society for
Radiation Oncology (DEGRO) [13] recommends UHRT to low-
and intermediate-risk PCa. In Scandinavia, both the Norwegian
and Swedish guidelines commenced to recommend UHRT as
an acceptable alternative treatment of patients with
intermediate-risk PCa [49, 50]. Patients with low-risk PCa
disease, in general, should instead be treated with active
surveillance, which implies surgery or radiation therapy in case
of progression after scheduled criteria. The ProtecT trial showed
no difference in 10-year disease specific mortality in patients
with localised PCa treated with either surgery, radiation therapy
or active surveillance [2, 51]. Regardless, there might be
different reasons for patients opting for a treatment other than
active surveillance and here information from the treating
physician is undoubtedly important [52, 53]. A shorter radiation
schedule would be an attractive option for most patients;
hence, if UHRT treatment over 2 weeks, instead of the
conventionally 8 weeks, does not give greater toxicity it would
undoubtably be more convenient for the patients. Finally, it
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would save considerable resources for the radiation therapy
departments.

In summary, despite substantial evidence generated by RCTs
for the efficacy of ultra hypofractionated radiation therapy, no
general consensus has been reached in all national or
international guidelines for its use in localised or locally advanced
PCa [12, 13, 49, 50, 54, 55]. Especially, the EAU guidelines
recommend treatment with ultra hypofractionated regimes
preferably in trials, given the uncertainty of long-term toxicity.

Conclusion

MHRT has been found to give equivalent therapeutic outcome
as CFRT regarding tumour control and late toxicity rates for PCa
patients with intermediate-risk disease. MHRT is the standard
radiation therapy schedule in low- and intermediate-risk PCa.
UHRT has shown non-inferiority in one RCT, an increase in acute
toxicity rates in the first conducted RCT. One trial indicated
increased late toxicity rates. Awaiting final outcome results for
PACE-B, UHRT should be regarded as an optional treatment for
patients with low- and intermediate-risk disease applied at
experienced centres in concordance with international and
national guidelines.
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