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The paradigm of radiotherapy

Complications
Tumor control

Complication-free cure




Conventional fractionation

1.8 — 2.0 Gy per fraction, 5 fractions per week
L O T EERE THEee T i

Example Dose Tumor control (%)
(Gy)
Sensitive Seminoma, Lymphoma <45 > 90
Intermediate SCC, 50 > 90 (subclinical)
Adeno-Ca 60 ~85 (3 1 cm)
70 ~ 70 (@ 3 cm)
~ 30 (8 5cm)
Resistant Glioblastoma > 60 none?
Melanoma = 60 none?
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Prototypes of modified fractionation

* Hyperfractionation (HF)

* Accelerated fractionation (AF)
* (Hybrid schedules)

* Hypofractionation
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Prototypes of modified fractionation

* Hyperfractionation (HF)

» Accelerated fractionation (AF)
* (Hybrid schedules)

* Hypofractionation
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Less effect per gray at low doses per fraction
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Fractionation sensitivity

“Typical” dose per fraction

* 1.8-2 Gy for standard

fractionation

 1.1-1.3 Gy for hyper-
fractionation
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Total Dose for Various Isoeffects (Gy)
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Hyperfractionation (HF)
reduced dose per fraction (< 1.8 Gy)

o TN HE Jiib i i e i s

70Gy/ 2.0 Gy/ 7w 80.5Gy/ 2x1.15 Gy/ ti=6h/ 7w

Expectations (dose-escalated HF):
e Increased tumor control
* More severe early reactions

« Unchanged or less late reactions



EORTC Hyperfractionation trial in oropharynx cancer (N = 356)
Oropharyngeal Ca T2-3, NO-1

80.5Gy-70fx-7wks vs 70 Gy - 35-40 fx - 7-8 wks
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Toxicity of RT in HNSCC

Early effect in accelerated or hyperfrationation RxTh
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Author Regimen Grade 3-4 mucositis
Control Experimental
Horiot (n=356) HF 49% 67%
Horiot (n=512) Acc. fract. + split 50% 67%
Dische (n=918) CHART 43% 13%
Fu (n=536) Acc. frac (CB) 25% 46%
Fu (n=542) Acc. fract. + split 25% 41%
Fu (n=507) HF 25% 42%
Skladowski (n=99) Acc. Fract. 26% 56%
Dische, 1997

Horiot, 1992

Fu, 2000
Skladowski, 2000



Prototypes of modified fractionation

* Hyperfractionation (HF)
» Accelerated fractionation (AF)

* (Hybrid schedules)

* Hypofractionation
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Influence of overall treatment time on HNSCC
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TOTAL DOSE (Gy) NORMALIZED to 2 Gy/Fx

local control

40

1 1 1 1 ] 1
10 20 30 40 50 60
TREATMENT DURATION (Days)

Withers et al, 1988



Tissue proliferation and
recovered dose Dt

Dyrorie 95% CL y
Tissue Endpoint (Gy day') (Gy day) (days)  Source
Early reactions
Skin Erythema 0.12 [-0.12;0.22] <12 Bentzen et al. (2001)
Mucosa Mucositis 0.8 [0.7;1.1] <12 Bentzen et al. (2001)
Lung Pneumonitis  0.54 [0.13; 0.95] Bentzen et al. (2000)2
Tumours
Head and neck
Larynx 0.74 [0.30; 1.2] Robertson et al. (1998)
Tonsils 0.73 30 Withers et al. (1995)
Various 0.8 [0.5; 1.1] 21 Robers et al. (1994)
Various 0.64 [0.42; 0.86] Hendry et al. (1996)
Breast 0.60 [0.10; 1.18] Haviland et al. (2016)
Oesophagus 0.59 [0.18;0.99] Geh et al. (2005)
Non-small cell lung cancer 0.45 N/A Koukourakis et al. (1996)
Medulloblastoma 0.52 [0.29; 0.75] Oor21 Hinata et al. (2001)
Prostate 0.24 [0.03; 0.44] 52 Thames et al. (2010)

Note: Reference details are available from Seren Bentzen.
* Pooled estimate from a review of studies in the literature.

® T, is the assumed time for the onset of accelerated proliferation.

UPLIFT school 2025 Bentzen et al, 2002
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Influence of overall treatment time on
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Accelerated fractionation (AF)

Shortened overall treatment time, dose per week > 10 Gy

cr TR T T e e wm

70Gy/ 2.0 Gy Tw Expectations:

* Increased tumor control

CB TR * Increased early reactions
70Gy/ 2.0 Gy/ Sw » Unchanged or decreased
late damage
U (AF/HF and/or reduced
AF/HFIImmm
N total dose)

54Gy/ 3x1.5Gy/ ti=6h/ 12d
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DAHANCA 6&7 - H&N
SCC - stage II-IV (n=1476)
IR T T

64-68 Gy/ 2.0 Gy/ 6.5w 64-68 Gy/ 2.0 Gy/ 5.5w
100
g 80 6 fractions per week
o
£ 60+ .
o 5 fractions per week
©
s
o0 40—
o
3 Event All
S 204 6 fractions 229 750
5 fractions 289 726
p=0-0005 Odds ratio 0-66 (0-54-0-82)
O &l
I I I 1 I 1
0 12 24 36 48 60

Time after randomisation (months)

UPLIFT school 2025 Overgaard et al. Lancet, 2003



Five versus six fractions of radiotherapy per week for squamous-cell
carcinoma of the head and neck (IAEA-ACC study): a randomized,
multicentre trial

L TEEEE RO TEEEE R FEeee —_— CECLEE TEEELE FECERD TEEEEE FECERD TR
66-70 Gy/ 2.0 Gy/ 6.5-7.0 w 66-70 Gy/ 2.0 Gy/ 5.5-6.0 w
A B
100 All - Failure 100 Al Failure
— Siefractions perweek 452 222 — Sixfractions perweek 452 113
T —— Frvefractions perweek 448 272 _ Five fractions perwesek 443 123
80 B0+
| R - B8
£ " ) ' e —
3 60+ -—_:"‘~-__|I T 60 £3%
g an- T N 3 a0
L z
T 33%
Fliky 20
N p=0-002 HR0-63 (95% 1 0-52-0-88) p=0-31 HR 0-88 {95% £ 0-65-1-19)
L4 Eo e e e S S I 1 S N S S S S S I L T T LI I |
] 1 2 3 4 5 a 1 2 3 4 5
Tirme after treatment {years) Time after treatment {years)
Sl fractions perweek 452 213 122 B4 452 213 122 By
Five fractions perweek 443 184 104 b2 448 1834 104 62
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Overgaard et al. Lancet Oncol, 2010
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CHART - Head & Neck (MRC, UK)

SCC, >T1 NO M0, WHO 0-1 (n=918)

FLEE U THEEE TEEE TRt
66 Gy/ 2.0 Gy/ 6.5 w (n=366)

Loco-regional control

conventional
— CHART

0.0
0

Patients at risk

CHART 5652
Conv 366
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12 24 38 48 80
Months

315 223 162 114 57
205 144 87 70 38

i
I
I
54 Gy/ 3 x 1.5 Gy/ ti 6 h/ 12 d (n=552)

1.0
o0 Survival
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021 —— conventional
0.1 —— CHART

0.0
12 24
Patients at risk Months 36 % o

CHART 552 420 297 220

151
Conv. 366 2786 214 142 1(512 g;

Dische et al., Radiother. Oncol. 44: 123-136, 1997



Toxicity of RT in HNSCC

Early effect in accelerated or hyperfrationation RxTh

Author Regimen Grade 3-4 mucositis
Control Experimental
Horiot (n=356) HF 49% 67%
Horiot (n=512) Acc. fract. + split 30% 67%
Dische (n=918) CHART 43% 73%
Fu (n=536) Acc. frac (CB) 25% 46%
Fu (n=542) Acc. fract. + split 25% 41%
Fu (n=507) HF 25% 42%
Skladowski (n=99) Acc. Fract. 26% 6%
Dishes, 1997 Fu, 2000
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Horiot, 1992

Skladowski, 2000



DAHANCA 6&7 - H&N
SCC - stage II-IV (n=1476)

64-68 Gy/ 2.0 Gy/ 6.5w 64-68 Gy/ 2.0 Gy/ 5.5w
Mucositis ——— Six fractions 100 ’
100 0000 ieeeseesee Five fractions
- _. 80 Event All
X 80+ X 94 632
@ = B G ) 76 617
= p<0-0001 S 60- p= sratio 1-24 (0-90-1-72)
8 60+ £
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Time after start of treatment (weeks) ) Time after randomisation (months)
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CHART - Head & Neck (MRC, UK)
SCC, >T1 NO M0, WHO 0-1 (n=918)

66 Gy/ 2.0 Gy/ 6.5 w (n=366) (T
T
54 Gy/ 3 x 1.5 Gy/ti 6 h/ 12 d (n=552)
100\ PATIENTS 'oo\ PATIENTS
w—CHART — CONVENTIONAL l P =0.04 = CHART — CONVENTIONAL \ P =0.003
80 80
60 60

Moderate/severe subcutaneous
40

. . 40
fibr
e Mucosal ulceration and
20 20 ’
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TIME IN MONTHS TIME IN MONTHS
% PATIENTS % PATIENTS
100 100
= CHART — CONVENTIONAL P=0.04 = CHART — CONVENTIONAL ] P =0.009
80 80
60 60 Laryngeal oedema
40 Moderate/severe dysphagia 40 /f/—/—/_—’—
20 20
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TIME IN MONTHS

TIME IN MONTHS
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Meta-analysis on altered fractionation HNSCC
Randomized trials 1970-2010 (no postop RT)

—i- Altered fractionation radiotherapy
—@- Conventional fractionation radiotherapy

Absolute difference at 5 years:
37% (95% C12.0to 54)

Absolute difference at 10 years:
362 2:3%(95% C1 0-5 to 4-1)
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33 trials included (11423 patients, individual data)

—- Hyperfractionated radiotherapy
K —@- Conventional fractionation radiotherapy
]

Absolute difference at § years:
6-8% (95% C12-4 to 11.2)

) Absolute difference at 10 years:
—m340  40%(95%Cl0.0t0 8.0)

Lacas et al., 2017
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Meta-analysis on altered fractionation HNSCC

Randomized trials 1970-2010 (no postop RT)
33 trials included (11423 patients, individual data)

—- Moderately accelerated radiotherapy
—®- Conventional fractionation radiotherapy

Absolute difference at 5 years:
322 33% (95% C111t05.5)
Absolute difference at 10 years:

397 22%(95% C1-01to 4.5)

Time from randomisation (years)

UPLIFT school 2025

D

—- Very accelerated radiotherapy
—@- Conventional fractionation radiotherapy

Absolute difference at 5 years:
60 1.6%(95%Cl-21t053)

Absolute difference at 10 years:

323 -03% (95% C1-4.3t0 37)

— Y241

i1 2 3 4 5 6 7 8 9 10 11 12

Time from randomisation (years)

Lacas et al., 2017



Meta-analysis on altered fractionation in loc. adv. NSCLC
Randomized trials 1970-2005 (no postop RT)
10 trials included (2000 patients, individual data)
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Category No. Deaths / No. Entered
Trial Exp. RT Conv. RT O-E Variance HR HR (95% CI)
Very accelerated RT

PMCI 88C091 48/48 52/53 -0.8 24.3

PMCI 88C091 CT 51/51 56/56 6.0 25.6

CHART 316/338 217/225 -29.4 120.7 -

ECOG 2597 51/60 55/569 14 25.8

CHARTWEL 132/150 132/150 0.2 65.8 s

CHARTWEL CT 40/53 47/53 -6.4 21.2

Subtotal 638/700 559/5696 -37.8 283.4 0.88 (0.78 to 0.98)
Moderately accelerated RT

Gliwice 2001 26/29 27/29 -1.4 13.2

Subtotal 26/29 27/29 -1.4 13.2 0.90 (0.52 to 1.54)
Hyperfractionated RT-identical total dose

NCCTG 902451 34/39 35/35 -7.0 15.7

NCCTG 942452 111/125 108/121 -2.6 54.6 ——

Subtotal 145/164 143/156 -9.6 70.3 0.87 (0.69 to 1.10)
Hyperfractionated RT-increased total dose

RTOG 8808 155/163 156/163 -6.4 76.9 —II—

Subtotal 155/163 156/163 -6.4 76.9 : 0.92 (0.74 t0 1.15)
Total 964/1,066  885/944  -55.2 443.7 Q 0.88 (0.80 to 0.97), P=.009
Test for heterogeneity: x?, =9.74, P= .37, I’ =8% i
Test for interaction: y*, = 0.17, P=.98 0.25 1.00 4.00

Experimental RT Conventional RT
better better

Mauguen et al., 2012



Summary...

* In case of increase in OTT,
- for HNSCC, NSCLC, oesophageal carcinoma: compensation
by accelerating the treatment
- for cervix and anal canal carcinoma: data exist on the adverse
effect of prolongation of OTT, thus compensation
- for brain, prostate and breast carcinoma: no compensation
- for palliative treatment : no compensation

» Keep in mind that radiotherapy is a very cost-effective treatment
modality, providing it is properly delivered
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Prototypes of modified fractionation

* Hyperfractionation (HF)

» Accelerated fractionation (AF)
* (Hybrid schedules)

* Hypofractionation
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Hypofractionation (HypoF)

Increased dose per fraction (> 2.0 Gy)

JRIHRIHRI R
60Gy/ 2.0 Gy/ 6w

75Gy/ 2.5 Gy/ Sw

67.5 Gy/13.5 Gy/ 2w

o I

SD 8 Gy 30 Gy/ 3.0 Gy/ 2w

Conventional

Moderate Hypo F (curative)

Curative RT

Palliative RT



IMRT/SBRT for NSCLC
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Stereotactic ablative radiotherapy versus standard
radiotherapy in stage 1 non-small-cell lung cancer
(TROG 09.02 CHISEL): a phase 3, open-label, randomised

-
controlled trial
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Treatment group Treatment group
—— Standard radiotherapy 33 x 2 Gy or20x2.5 Gy —— Standard radiotherapy
—SABR 3x 18 Gy or 4 x 12 Gy —— SABR
Log-rank HR 0-32 (95% Cl 0-13-0-77): p=0-008 Log-rank HR 053 (95% Cl 0-30-0-94): p=0-027
0 T T T T T T ] 0 T T T T T T 1
0 05 1.0 1.5 2.0 2.5 30 35 0 05 1.0 15 2.0 2.5 30 35
Number at risk Time since randomisation (years) Number at risk Time since randomisation (years)
(number censored) (number censored)
Standard radiotherapy 35 (0) 30 (5) 24(8) 17 (11) 13 (13) 9(16) 8(17) 6(18) Standard radiotherapy 35 (0) 31(1) 28(1) 25(1) 20(1) 15 (4) 12(5) 8(6)
SABR 66 (0) 60 (6) 53(11)  46(15) 37(23) 32(27)  19(40) 17(42) SABR 66 (0) 60 (4) 56 (4) 54(5) 46 (6) 37(9) 25(20)  22(22)

UPLIFT school 2025 Ball et al., Lancet Oncol., 2019



SBRT — early/late toxicity

= Severe toxicity rate < 5%
= Pneumonia > G3 in 0-5%

= Chest wall toxicity in peripherally located tumors: wall
pain, fibrosis, rib fracture in 10%

= Plexopathy in upper tumors

= Severe toxicities (fatale hemoptysis, fistulae...) in
centrally-located with 3 fraction schemes

UPLIFT SChOOI 2025 Hurkmans et al, Radiation Oncology 2009



Radiobiological and clinical issues in IMRT for prostate C

HYPOFRACTIONATION | HYPERFRACTIONATION
5‘ 100r Current data with prostate

tumors at a/B=1.5 Gy

o O
o O
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o
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Total Iso-effect Dose (
o1 ~
o o

N
o
1

d/Fr =4/- 5 Gy 2Gy 1.6Gy 1.2Gy 1.0 Gy

0 20 40 60 80
UPLIFT school 2025 Number of dose fractions

Courtesy of K. Haustermans



Conformal irradiation for prostate tumors

Time to local recurrence
=
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= 200 TT77C .
o Confarmal
°
o
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T T T T T 1
Q 1 2 3 4 5
Time since randomisation (years)

Nurnk==rs &t risk
GConforrnal 114 104 98 T4 ] 21
Comventional 111 109 a7 5 38 ig

> grade 2 proctitis: 15% >< 5% (p=0.01)
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Hypofractionation in prostate Ca

Conventional versus hypofractionated high-dose
intensity-modulated radiotherapy for prostate cancer:
5-year outcomes of the randomised, non-inferiority, phase 3

CHHIP trial

David Dearnaley, Isabel Syndikus, Helen Mossop, Vincent Khoo, Alison Birtle, David Bloomfield, John Graham, Peter Kirkbride, John Logue,
Zafar Malik, Julian Money-Kyrle, Joe M O’Sullivan, Miguel Panades, Chris Parker, Helen Patterson*, Christopher Scrase, John Staffurth,
Andrew Stockdale, Jean Tremlett, Margaret Bidmead, Helen Mayles, Olivia Naismith, Chris South, Annie Gao, Clare Cruickshank, Shama Hassan,

Julia Pugh, Clare Griffin, Emma Hall, on behalf of the CHHIP Investigators

74 Gy (37x2 Gy)in 7.4 w >< 60 Gy (20 x 3.0 Gy) 1n 4w >< 57 Gy
(19 x 3 Gy) in 3.8w

UPLIFT school 2025 Dearnaley et al., Lancet Oncology, 2016
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Hypofractionation in prostate Ca

Biochemical or clinical
failure-free survival (%)

Overall survival (36)

— 740Gy
—— 600Gy
80 - 576Gy
60—
404
204
60 Gy vs 74 Gy HR 0-84 (90% C) 0-68-1-03), log-rank p=0-16
57 Gy vs 74 Gy HR 1:20 (90% (| 0.99-1.46), log-rank p=0-11
0 T T T T T T 1
0 1 2 3 4 g 6 7
100
804
60+
40—
20
60 Gy vs 74 Gy HR 0-78 (95% €1 0-57-1-05), log-rank p=0-10
57 Gy vs 74 Gy HR 0-92 (95% C1 0-68-1-23), log-rank p=0-58
0 T T T T T T 1
0 1 2 3 + 5 6 7

Follow-up (years)

Dearnaley et al., Lancet Oncology, 2016



Hypofractionation in prostate Ca

— 740Gy
—— 600Gy
80 - 576Gy
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20
60 Gy vs 74 Gy HR 0-84 (90% () 0-68-1.03), log-rank p=0-16
57 Gy vs 74 Gy HR 1.20 (90% C| 0-99-1.46), log-rank p=0-11
0 T T T T T T ] .
0 1 2 3 4 5 [ 7 OL/ B . 1 . 8 Gy
100
804
£
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2
=
g 40
S
20
60 Gy vs 74 Gy HR 0-78 (95% €1 0-57-1-05), log-rank p=0-10
57 Gy vs 74 Gy HR 0-92 (95% C1 0-68-1-23), log-rank p=0-58
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v} 1 2 3 “ 5 6 7
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Follow-up (years) Dearnaley et al., Lancet Oncology, 2016



Hypofractionation in prostate Ca

Late bowel toxicity Late bladder toxicity

O Gradeo B Grade1 B Grade2 WM Grade 3+

[ Gradeo [ Grade1l Bl Grade2 W Grade 3+
“1RAA RAR ARA EAR RAR ARA ARR v mes mEA ARA ARR REA ARAR FAFA
_ 804 [ 804
a % g
3% -
= E 60 w g 60+
£z £3
B 1
£ 40+ £ ¢ 407
23 £
] o
& 204 = 204
c h%?\Th%?ﬁTﬁ\%)ﬁl’\}\)\l’\}\hl>\>\>\I>\>\>\I G )\,\)\I’\}\’\lh%hlh)\hTh)\hTh?\?ﬁTh)\)‘ﬁl
gEE IS O G3d go9g $I5ad J33 GGG J393 gIE IJIIT g&F I3 ST33
~8h H8K E85K H8K H8K R8KH R3B N8G N3G XBHK X8K X8R 28K R8H
—_— T Y~ = Y~ Y= = —_— =~ Y~ = Y = =
6 12 18 24 36 48 60 b 12 18 24 36 48 60
months ~ months  months  months  months  months  months months  months  months  months  months  months  months
Number of Number of
patients patients
74 Gy an 978 947 922 925 814 534 74 Gy 871 978 947 922 925 815 534
60 Gy 909 1002 966 959 946 839 569 60Gy 909 1002 966 959 946 839 569
57 Gy 922 997 965 962 942 847 549 57 Gy 922 997 965 962 943 847 549

UPLIFT school 2025 Dearnaley et al., Lancet Oncology, 2016



Hypofractionation in prostate Ca

100 —— Conventional fractionation

— Ultra-hypofractionation

90
80+
70
60
50

40-

Failure-free survival (%)

30+
204
104 Non-adjusted HR 1.002 (95% Cl 0-760-1-320), log-rank p=0-99

Adjusted HR 1-002 (95% Cl 0-758-1-325)
T T T 1

T T
3 4 5 6 7 8 9 10
Time from randomisation (years)

0

-
-

0

Number at risk
(number censored)
Conventional 591 580 540 433 332 242 171 108 67 37 23
fractionation (0) (4 (24) (108) (196) (273) (332) (386) (425) (454) (467)
Ultra- 589 569 527 408 325 242 160 113 71 38 20
hypofractionation (0) (4 (27) (125) (196) (269) (342) (385) (423) (454) (470)

Intermediate-to-high-risk prostate cancer
78 Gy 39x2 Gy)in 8 w><42.7 Gy (7 x 6.1 Gy) in 2.5w

UPLIFT school 2025 Widmark et al., Lancet, 2019



Hypofractionation in prostate Ca

A
1009 —— Conventional fractionation
80 —— Ultra-hypofractionation

Log-rank p=0-63

Grade 2 or worse urinary toxicity (%)
I
5
I

o
wd
»
e
o
-
oo
w

10
Number at risk
(number censored)
Conventional 591 555 482 383 301 219 152 105 54 28 17
fractionation (0) (7) (55 (136) (210) (287) (346) (391) (441) (465) (474)
Ulta- 587 533 454 364 297 212 144 92 56 37 2
hypofractionation (0)  (9)  (57) (139) (203) (281) (345) (396) (431) (449) (466)

Grade 2 orworse bowel toxicity (%)
v
3
1

404
304
20 Log-rank p=1-00
4% Jﬁf—‘:;’:,—
T T T Y T T T T
Numbéate Time from start of radiotherapy (years)
(number censored)

Conventional 591 564 498 400 315 229 157 106 59 34 21
fractionation (0) (100 (62) (150) (233) (314) (383) (432) (479) (504) (517)
Ultra- 587 556 488 390 305 224 153 100 63 2
hypofractionation  (0) (10)  (63) (152) (233) (313) (383) (436) (473) (497) (513)

Intermediate-to-high-risk prostate cancer
78 Gy 39x 2 Gy)in 8 w><42.7 Gy (7 x 6.1 Gy) in 2.5wW

UPLIFT school 2025 Widmark et al., Lancet, 2019



Hypofractionation in breast cancer

The UK Standardisation of Breast Radiotherapy (START)
trials of radiotherapy hypofractionation for treatment of

early breast cancer: 10-year follow-up results of two
randomised controlled trials

Joanne S Haviland, J Roger Owen, John A Dewar, Rajiv K Agrawal, Jane Barrett, Peter | Barrett-Lee, H Jane Dobbs, Penelope Hopwood,

Pat A Lawton, Brian | Magee, Judith Mills, Sandra Simmons, Mark A Sydenham, Karen Venables, Judith M Bliss*, John R Yarnold*, on behalf of the
START Trialists’ Groupt

50 Gy (25x2Gy)in5w=40Gy (15x 3.3 Gy) in 3w

UPLIFT school 2025 Haviland, Lancet Oncology, 2013



Hypofractionation in breast cancer (START)

A
100

90+
80
70
60
50
40
30

Disease-free survival (%)

20+
104

— 50Gy
— 416Gy
—39Gy

41:6 Gy vs 50 Gy HR 0.94, 95% C1 0.75-1:17; p=0-57
39Gyvs 50Gy HR 1-08, 95% C1 0-87-1.35; p-0<48

Number at risk
506Gy 749 715
416Gy 750 726
39Gy 737 716

Disease-free survival (%)
w
o
1

T T T T 1
5 6 7 é 9 10

~
w-
.

688 655 623 582 539 506 444 350 187
699 674 646 606 560 519 472 386 192
684 644 605 558 507 482 430 349 176

40 Gy vs 50 Gy HR 0-79, 95% €1 0-65-0-97; p=0-022

Number at risk
50 Gy 1105 1064
40Gy 1110 1080

UPLIFT school 2025 O/: 3.5 Gy (95% CI: 1.2-5.7)

T T T T T 1
} [ A ST TR Y S T
Time from randomisation (years)

1021 961 915 864 786 714 656 586 365
1040 995 955 897 812 745 680 608 392

A
Hazard ratio (95% Cl)

41-6 Gy vs 50 Gy

Breast shrinkage

Breast induration

Breast oedema ——

Telangiectasia —_—

Shoulder stiffness

Arm oedema

39 Gy vs 50 Gy

Breast shrinkage —-

Breast induration —a—

Breast oedema —

Telangiectasia —_—

Shoulder stiffness

Arm oedema
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Favours 416 Gy or 39 Gy Favours 50 Gy
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Hazard ratio (95% Cl)

40 Gy vs 50 Gy

Breast shrinkage .-

Breast induration B
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Telangiectasia —
Shoulder stiffness
Arm oedema
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Favours 40 Gy Favours 50 Gy

Haviland, Lancet Oncology, 2013



Hypofractionation in breast cancer (FAST-forward)

10(]7/
3_ . -
— 40 G},r_m 15 frachc_ms
— 7 Gy in five fractl_on:'. —
—— 26 Gy in five fractions a/B: 2.6 Gy
(95% CI: 1.4-3.7)

Ipsilateral breast tumaour relapse (%)

27 Gy vs 40 Gy: hazard ratio 0-86 (95% (1 0-51to 1-44);
S-year difference -0-3% (95% Cl -1-0 to 0-9); non-inferiornty p=0-0022

26 Gy vs 40 Gy: hazard ratio 0-67 (95% Cl 0-38 to 1-16);
S-year difference -0-7% (95% (1-1-3 to 0-3); non-inferiority p=0-00019

0 1 2 3 1 5 6 7

Time since randomisation (years)

40 Gy (15x2.67Gy) in 3w ><27 Gy (5x5.4Gy)in 1w ><26 Gy (5 x 5.2 Gy) in 1w

UPLIFT school 2025 Brunt et al, Lancet Oncology, 2020



Conclusions

« Benefit of hyper- and accelerated fractionation for loco-
regional control probability

 Slight increase in acute toxicity but no change in late toxicity
* Moderately hypofractionation for tumors with low a/f3

« Extreme hypofractionation for well selected indications, e.g.
small peripheral lung tumors (dose distribution effect only!)

UPLIFT school 2025



