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Randomized hypofractionation trials

Trial Randomi.sation Percent 5 yr % 10 yr local Ontario [5.39]
— (Gy/fraction) local relapse relapse (95% C1) prv————
Total number of p 595% Cl) : 1234
T e START-P [3.38]  50.0/25 '79(54-104) |- | 12.1 (88-155) yo
est arm b (grlsf;f 42.9/13 7.1 (4.6-95) 9.6 (6.7-12.6) e —
Nodes (%) 39.0/13 191 (6:4-11.7) 14.8 (11.2—183) o Pe
Mastectomy (%¥)  START-A [13] ~50.0/25 34 (23-5.1) 6.7 (4.9-9.2) 0
o size =121 241613 3.1(2.0-4.7) 56 (4.1-7.8) 2007
Chemotherapy (%) 39.0/13 44(3.1-62) 8.1 (6.1-10.7) 1
Regional radiother  START-B [14] 50.0/25 3.3 (24-46) 5.2 (3.9-6.9) 0
40.0/15 1.9(1.2-3.0) 3.8 (2.7-5.2)
Ontario [5,39) 50.0/25 3.2° 6.7"
425/16 2.8° 6.2"

No difference in LR

Lancet Oncol 2013; 14: 1086—-94

Yarnold et al. The Breast 24 (2015): $108-113
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Long_Term Results of Hypofractionated _

Radiation Therapy for Breast Cancer

Standard A
regimen ¢l

Local Recurrence (%)

0 T T T T 1 T T 1 T

0 1 2 3 4 5 6 7 8 9
Years since Randomization

T T
10 11 1

No. at Risk

Standard regimen 612 597 578 562 550 553 499 485 470 449 410 317 21x
Hypofractionated 622 609 592 569 548 524 500 472 447 430 406 330 214

regimen

\\ o . < '\ ' P
.’"" Hypofraﬁ'e ated regimen L

84.6%
Hypofractionated regimen

90—
R 380-
S
N EN AP S Standard regi
QL 604 egimen
)\ v:h 84.4%
3 o \S \?"\v so-
‘ WO 0 T T T T T T T T T T T 1
P 0 1 2 3 4 5 6 7 8 9 10 11 12

Years since Randomization

No. at Risk

Standard regimen 612 606 594 583 573 559 535 519 505 487 453 355 242
Hypofractionated 622 617 605 592 576 562 539 517 495 482 455 369 241
regimen

N Engl J Med 2010;362:513-20




>% ® 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

START A

DFS

START B

100~ DGy

— 416Gy
90 — 396y
80
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£ o
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a2 ¥ :
20+ \
%04 416 Gy vs 50 Gy HR 094, 95% C10-75-117, p-057
39 Gy vs 50 Gy HR 1.08, 95% (10-87-135; p-048
. i 2 3 4 5§ 6 7 & 9§ _ 10
Number at risk (e
S0Gy 749 715 688 655 623 582 539 506 444 350 18/
416Gy /0 726 699  6/4 6460 606 560 519 412 386 192
96y 737 716 684 644 ws\ssp S07 482 43007 349 N6
<Y\ o\ Y
B N )\ / N\
100+ @ — 50Gy

Disease-free survival (%)
g
L

40Gy vs 50 Gy HR 0-79, 95% C10-65-097; p-0-022

Number at risk
50 Gy 1105
40Gy 1110

-

1064
1080

T
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1021
1040
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/ \fNQm sizes > 2.0 Gy
\\/ better

Fraction size 2.0 Gy

N/ better Numberof Hazard ratio
Age (years) § events/patients  (95%CI)
<40 , 60343 0.79 (0.47,1.34)
40-49 — 11611046 0.88(0.60, 1.28)
50-59 _— 15412226 1.03(0.74,1.44)
>60 1}/ 11412246 1.11(0.75,1.63)
Primary surgery
- Breast conservation surgery —_— 409/5348 0.97 (0.80,1.19)
" "Mastectomy 35/513 0.91(0.46,1.81)
Axillary nodes (pN)
. Negative 289/4318 1.10(0.86, 1.40)
" Positive _ 149/1421 0.80(0.57,1.11)
Tumour grade
1 4171213 0.96(0.51,1.82)
2 108/2398 1.07(0.72,1.59)
3  — 1141272 0.86(0.59, 1.25)
Tumour bed boost RT
No —_— 199/2749 0.99(0.74,1.32)
Yes —_— 24173071 0.99 (0.76, 1.29)
Adjuvant chemotherapy
No B E— 303/4346 1.09 (0.6, 1.38)
Yes e 13911480 0.31(0.57,1.14)
1 I 1 1 L
A 6 2 1 12 141618 2

Hazard Ratio (95% CI)

Lan

cet Oncol 2013; 14: 108694
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Phase Ill randomised trial Radiotherapy and Oncology 100 (2011) 93-100

Conclusion: At 3 years median follow-up, 28.5 Gy in 5 fractions is‘%omparable to 50 Gy in 25 fractions,
and significantly milder than 30 Gy in 5 fractions, in terms of adverse éffects in the breast.
The FAST Trialists group ' '

100

-
o«
L

\\. \ / N\

3 year rates (95% Cl): '
50 Gy: 6.8% (4.3% - 10.6%)
30 Gy: 11.8% (8.5% - 16.3%)
28.5 Gy: 7.1% (4.6% - 11.0%)

3 year rates (95% Cl):

50 Gy: 1.9% (0.8% - 4.6%)
30 Gy: 4.0% (2.2% - 7.1%)
28.5 Gy: 2.6% (1.3% - 5.5%)

breast induration
38

|
% of patients with no moderate/marked

% of patients with no moderate/marked
breast shrinkage
8

25- 25-
Pairwise logrank tests Pairwise logrank tests
50 Gy vs. 30 Gy: p=0.002 —— 50Gy 50 Gy vs. 30 Gy: p=0.172 —— 506Gy
50Gyvs.285Gy:p=0455 = |—o——_. 30Gy 50Gyvs.285Gy:p=0637 = | _. 30Gy
0 30Gyvs.285Gy:p=0016 | 285Gy 0 30 Gy vs. 28.5 Gy: p=0.323 e 285Gy
0 1 2 3 4 0 1 2 3 4

Years since randomisation Years since randomisation
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Boost?

Tossicita?
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< 50 years ‘ 20% to 35% risk of LR 10 years (21-30% in trials of HF-WBI)

Fraction sizes > 2.0 Gy

Fraction size 2.0 Gy

better better Numberof Hazard ratio

Age (years) events/patients  (95%CI)

<40 60/343 0.79 (0.47,1.34)

40-49 116/1046 0.88(0.60, 1.28)

50-59 - 15412226 1.0310.74,1.44)

>60 11472246 1.41(0.75,1.63)
Primary surgery W X

Breast conservation surgery —_— 409/5348 0.97(0.80,1.19)

Mastectomy 35/513 0.91(0.46,1.81)
Axillary nodes (pN) e A w

Negative N 289/4318 1.10(0.36, 1.40)

Positive —T\St 149/1421.0.80 (0.57,1.11)
Tumour grade !

1 411213 0.96(0.51,1.82)

2 108/2398 1.07(0.72,1.59)

3 —_— 11411272 0.86(0.59, 1.25)
Tumour bed boost RT

No B 1992749 0.99(0.74,1.32)

Yes —_— 2413071 0.99(0.76,1.29)
Adjuvant chemotherapy

No _— 303/4346 1.09(0.86,1.33)

Yes —_— 139/1480 0.81(0.57,1.14)

1 1 1 1 LI
4 8 8 1 12 1416182

Hazard Ratio (95% CI)

A

This justifies the implication of

hypofractionation for patients
younger than 50 years.

N Engl J Med 2010;362:513-20
Lancet Oncol 2013; 14: 108694
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Subgroup Hazard Ratio (95% Cl) Interaction
Age : 0.67 SO
=50 yr L 1.02 (0.62-1.70) T\ 3 pz G3 (189%)
<S0yr - %35-1 LI '
Tumor size ' s ooo ¢
22cm - 5 As<198) \Q
<2cm = 0.95 (0. .55-1.64)
Estrogen-receptor status ' - ) \\‘ 036
Positive - ; R (O\Q)rl 23)
Negative Coom 7 Xy S ;.;z\(o 62-2.82)
. - |_g \‘LQ i < 130(022-781)
Tumor grade ' \\ W 0.01
- T 0.70 (0.31-1.58) . 0 0
A oo 11 LR 10y: 15.6% vs 4.7%
] - 3.08 (1.22-7.76)
] 0.65
No - 0.86 (0.48-1.55)
Yes . 1.06 (0.58-1.97)
0.25 1.00 2.00 5.00 10.00
Hypofractionated Standard Regimen Better
Regimen Better

N Engl J Med 2010;362:513-20



Cumulative Probability of Local Relapse
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A RIO== CLINICAL INVESTIGATION

Breast Cancer

THE IMPACT OF HYPOFRACTIONATED WHOLE BREAST RADIOTHERAPY

ON LOCAL RELAPSE IN PATIENTS WITH GRADE 3 EARLY BREAST CANCER:
A POPULATION-BASED COHORT STUDY

CuristopHer Hersert, FR.C.R.,* ALAN NicuoL, ER.C.PC..* Ivo OLivorro, F.R.C.P.C.,'
LornA WER, F.R.C.P.C..* Ryan Woobs, M.S(f.,' CAROLINE SPEERS, B.A.,'

PAULINE TRUONG, FR.C.P.C..} AND ScorT TyLpesLey, FR.C.P.C.*

1335 pz (81.1% hypofr RT)

Median FUP: 12.1 years

Y VSSE—— e BCCA cohort Canadian trial
Hypofrachonated Radwotherapy

< 50 years 40.1% 24.7%

T>2cm 32.8% 19.4%

ER+ 42.8% 70.8%

ﬂ Chemotherapy 62.2% 51.9%
'J'_ M
~ l
J'_'r_‘ .
- : —1

3 6 9 12 15
Years Since Diagnosis

Herbert, JROBP 2012 Vol 82, N.5: 2086-92




S %TZ—?—— Tumor factors predictive of response to
XX\1 CONGRESSO NAZIONALE AIRO hypofr:actlonated radloth_erapy in a randomized trial
RS o Nan R A s following breast conserving therapy

Luminal A Luminal B Basal Unclassified P-value
(N=461) (N=269) (N=125) (N=95)

Age >50 years 377 (81.8) 182 (67.7) 28(71.8) 71 (56.8) 79(83.2) <0.001°¢
Size >2 cm 62 (13.5) 68 (25.3) 13(33.3) 42 (33.6) 14 (14.7) <0.001°
Prior adjuvant Tamoxifen 238 (51.6) 124 (46.1) 6(154) 16 (12.8) 33(34.7) <0.001°¢
systemic therapy ~ Chemotherapy 12(2.6) 22(8.2) 12 (30.8) 64 (51.2) 111 1L6)- &
None 211 (45.8) 123 (45.7) 21(53.9) 45(36.0) 51(53.7) -
Grade (Nottingham) 1 125 (30.4) 29 (12.6) ‘{~\ s “3(29) 20 (26.3) <0.001°
I 273 (66.4) 155 (67.4) 17.(54.8) " .. 18 (17.5) 43 (56.6)
11 13(3.2) 46 (20.0) 13 (419) 82 (79.6) 13(17.1)
Local Recurrence-free n (%) Censored 439 (95.2) 248 (92.2) 131(79.5) 120 (96.0) 88 (92.6) <0.001¢
survival 10-year (95% CI) 95.5(93.0-97.2) 92.1(87.8-95.0) - 83.1 (662-92.1)  95.5(89.5-98.1) 93.0 (85.0-96.8)
Radiation treatment 50 Gy 230 (49. ( \ 125 (46.5) 22(56.4) 57 (45.6) 47 (49.5)
HIF-1a Positive® 170/373 (45.6)- 145/238 (60.9) 22/32 (68.8) 93/110 (84.6) 11/37 (29.7) <0.001°
CA-IX Positive® 98/446 (22.0) 94/257 (36.6) 18/34 (52.9) 79/121 (65.3) 8/83 (9.6) <0.001°
GLUT-1 Positive® 222/446 (49.8) 195/258 (75.6) 24/34 (70.6) 99/121 (81.8) 18/82 (22.0) <0.001°

*Positive is defined as a score of >2 using the Allred criteria.
"HER2E; HER2-enriched subtype.

cll test.

Ylog-rank test.




regimens.

Conclusions: In women enrolled in the HWBI trial following BCS tumor molecular subtype predicted LR. However
tumor grade, molecular subtype and hypoxia did not predict response to hypofractionation suggesting that patients with
node-negative breast tumors of all grades and molecular subtypes may be safely treated with hypofractionated RT

Rl i e e

TS Ua0 - 1.90)

.uminal A

Luminal B

Her2E

Basal

4.5%

07y

0.41
Central grade = 3 (n = 198) © 0.53 (0.18-1.58)
Luminal A (n = 461) < 0.56 (0.24-1.33)
Luminal B (n = 269) S 0.89 (0.68-2.12)
Her2E (n=39) © 0.91 (0.22-3.81)
Basal (n = 125) O 1.27 (0.21+.7.58)
Unclassified (n = 95) © 0.83 (0. 4) . .
Hif-1a negative (n = 349) o 0.47-(0.20-1.09) o1a
Hif-1a positive (n = 441) - O 1.13 (0.51:2.53) ’
.\:' \
CA-9 negative (n = 644) e 0.61 (0.32-1.18) 077
CA-9 positive (n = 297) - 0.72 (0.31-1.63) '
Glut-1 negative (n = 383) o 0.83 (0.35-2.01) 052
Glut-1 positive (n = 558) B 0.58 (0.13-1.08) '
|
[
0 5 1 15 2
Favors 42.5 Gy _ Favors 50 Gy
Hazard ratio

7.9%

16.9%

4.5%

Annals of Oncology25: 992—-998, 2014
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Regional node irradiation (RNI)
PMRT?



Review Radiotherapy and Oncology 110(2014): 39-44

Hypofractionated regional nodal irradiation for breast cancer: Examining @ -
the data and potential for future studies

| Shahed N. Badiyan®, Chirag Shah®, Douglas Arthur®, Atif ]. Khan“, Gary Freedman ¢, Matthew M. Poppe,
- Frank A. Vicini **

Study Type Year Patients Fractionation Follow-Up (mo) Outcomes
Marsden [12] Randomized, 1986-1998 1,410 (14% 429[13 v. 115 No data regarding RNI subset of patients
prospective chemo, 20% RNI)  39/13 v. 50/
25 (All in
5 weeks)
START A |7] Randomized, 1998-2002 2,236 (36% 41.6/13 v. 61 No difference in chest wall appearance, chest

) NO WORSE TOXICITY

0 I\I‘I' I’llll}llL‘JClllﬂ \.Ullll}(llcu WYILIL Dwanuaru
fractionation PMRT
UZ Brussels [15] Randomized, 2007-2011 70 (33% RNI) 50/25 v. 42/ 28 Reduced skin changes and lung function with

LIMITED DATA

R — S B RS

Grade 2"+“éd'ema 44% G}aade 2+ fibrosis, 71%J
Grade 2 + chest wall pain 1.8%, No Grade
2 + plexopathy 4% CT changes in lung

Thailand |33 Retrospective  2004-2006 215 (all PMRT; 67 50/25 v. 39 No difference in loco-regional control; no
conventional, 148 42.4- difference in chest wall appearance, fibrosis,
Hypofractionated) 47.7.2.65 appearance, plexopathy, lymphedema, cardiac,

pulmonary, or rib fractures




& EO= Hypofractionated irradiation of @ e
— Socktia Mone & Radobicioge . .
hes e infra-supraclavicular lymph nodes after
axillary dissection in patients with breast
cancer post-conservative surgery: impact
2007-2012: 100 pz pT1- T4, pN1-3,Mx on late toxicity

Marina Guenz', Gladys Blandino'", Maria Gidseppipa Vidili*, Deborah Aloi', Elena Configllacco', Elisa Verzanini',
Flena Tomari', Francesca Cavagnetto” and Repzo Corvo'

WBRT+ RNI: 46 Gy in 20 fr 4 times a week
+additional weekly dose of 1,2 Gy to the lumpectomy area

Organ at risk Normofractionation 2 Gy per fraction\5fr\weck Hypofractionated schedule 2,3 Gy per fraction\4 fr\week
LADCA Vaogy =0 % Viagy =0 %
Heart Vaogy = 10 % .V40Gy =5 % Viogy =0 %
Ipsilateral Lung Vaoay = 259 (@xclusive periclavicular LN) Viagy = 25 % (exclusive periclavicular LN)
Vaoay = 35 % (inclusive periclavicular LN) Viyagy = 35 % (inclusive periclavicular LN)
Spinal cord Max 45 Gy Max 42 Gy

27 % lymphedema, but only 10 % seemed to be correlated to RT.
None of the patients showed a severe damage to the brachial plexus or symptomatic

pneumonitis.
Guenzi et al. Radiation Oncology (2015) 10:177
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Author No. of patients  Median Follow-up N\ Dose per fraction [Gy]  Total dose [Gy] RIBP %  BED'
Stoll [16] )33 25 \\ 4.58 55 73 20
b)84 25 ' a 425 51 15 80
€139 25 . 435 435 10 69
Johansson (18] 71 34 3.5° 57 63 78
Barr [20] 250 3 4 51 2.4 69
Powell [21] a)338 \AS5.5 / 45 5.9 56
b By Sl X 1.8 54 1 51
Basso-Ricdi [22] \ LAV s 2 60° 32 60
Bajrovic (23] Mo V8 2.6 52 14 59.8
Fairchild [26] 1142 SOV 8 25 40 <1 45
Livsey [31] . 1665 N\ 5 2.27 34 no 36
Ragaz [9) S0 es 00 12.5 2.19 35 no 36.7
A Olsen [32] .- 128 4 2.17 54.25 15 57
)\\\ Delouche [24] ~ <117 10 2 60 17 60
N -/ Fowblc [14] S 697 10 2 50 <1 50
"2 Pierce [15] 724 6.5 2 50 0.4 50
Author RIBP/ number TD <50 Gy TD <50 Gy TD >50 Gy TD >50 Gy
of patients % no CT % with CT % no CT % with CT %
Pierce [15] 20/1117(1.8) 0.4 3.7, p=0.0002 3.2 7.9; p=NS
Olsen [32] 19/128*(15) - - 1.6 13; p=0.01

Galecki et al.Acta Oncologica, 2006; 45: 280-284
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Tumor Bed Boost Integration during Whole Breast

Farmaci innovativi e ipofrazionam

Radiotherapy: A Review of the Current Evidence

Pierfrancesco Franco® Domenico Cante® Piera Sciacero® Giuseppe Girelli®
Maria Rosa La Porta® Umberto Ricardi?®

PALACONGRESSI DI RIMINI - 30 settembre, 1 - 2 otiobre 2

Study [ref.] Country Primary endpoint Target Dose ionation (experimental arm)
population, n \t\‘\/
whole breast B index quadrant  tumor bed
RTOG 1005 USA in-breast relapse 2,300 40.05 Gy/15 i 48 Gy/15 fr
[40] NO(9(2:67 Gy daily) (3.2 Gy daily)
IMPORT- UK palpable induration 2,568 0¢" 38 Gy/15 fr 4005Gy/ 15fc  1:48 Gy/15 fr
HIGH [42] AT @™ (2.4 Gy daily) (2.67 Gy daily) (3.2 Gy daily)
o 80 O I1: 53 Gy/15 fr
YY) & (3.53 Gy daily)
IMRTMC2  Germany  cosmeticoutcome 502 504 Gy/28fr | 64.4 Gy/28 fr
[43] (1.8 Gy daily) (2.3 Gy daily)
UZB trial Belgium  pulmonary/cardiac 123 42 Gy/15 fr / 51/15 fr
[44) function (2.8 Gy daily) (3.4 Gy daily)
arm mobility and
lymphedema

Hypofractionation and a concomitant tumor bed boost

Breast Care 2015;10:44—-49



P : Table 8 Univariate and multivariate analysis predictive
Toxicity and cosmetic outcome of forors. for Iote it oot -

hypofractionated whole-breast radiotherapy: Variables Univariate analysis _ Multivariate analysis
predictive clinical and dosimetric factors p value p value [OR]
o - o : o ] L Chemotherapy 0.118 = 00184 [OR 25923
Patrizia Ciammella’, Ala Podgornii’, Maria Galeandro’, Renato Micera’, Dafne Ramundo’, Tamara Palmieri’, (1.1745 - 5.7217)]
Elisabetta Cagni’ and Cinzia lotti'
Hypertension 0.705 U731
Age 0956 0223

Conclusion: These results confirm the feasibility and safety of the hypofractianated radiotherapy in patients with
early breast cancer. In our population the boost administration was resulted t© e a significant adverse prognostic
factor for acute and late toxicity. Long-term follow ug}ls needto confirm this finding.

-I_ — —

V> 100% 0.745
Table 6 Frequency of any gra@ate subcutaneoD (001122 - 051517)]
toxicity V> 107% - = 0.02045 [OR 6.26889
RTOG Total patients (133820 _2034504)]
Toxkity gm l"(%[ Boost V > 100% - 0.728
G0 136 (64%) Boost V > 104% - 0.099
Boost V > 107% 0585
Gl 72 (34%)
G2 3 (15%)
G3 1 (0.5%)

Radiation Oncology 2014, 9:97



Factors influencing acute and late toxicity in the era of adjuvant
hypofractionated breast radiotherapy

P. Baili <, M. Sant %, G. Bianchi ¢, C. Maggi “, S. Di Cosimo ¢, R. Agresti °, E. Pignoli °,
R. Valdagni | L. Lozza*

Farmaci innovativi e ipofrazionamento

M.C. De Santis * *, F. Bonfantini ™, F. Di Salvo <', M. Dispinzieri %, E. Mantero *, F. Soncini ?, PALACONGRESSI! DI RIMINI - 30 settembre, 1 - 2 ottobre

L N Acute Late
Skin toxicity
0 ‘ 2 98 (18.3%) 535 (99.6%)
1 | 329(61.3%) 2(04)
537 pz 2 105 (19.6%)
. 3 . 5(09%)
42.4 Gy in 16 fraz (2.65 Gy fr) Asthenia P
& 0 370 (68.9%) 535 (99.6%)
+ boost (27%) \\‘E:\Q . 1 151 (28.1%) 1(02%)
(for grade Ill, 10 Gy in 4 fr 0 16 Gy in close or positive Margins) - tsem. 16(23%) 1002
R N 0 442 (823%) 482 (89.7%)
M d 74 1 88 (16.4%) 46 (8.6%)
edian age: r 2 7(1.3%) 8 (1.5%)
Y yo 3 1(02%)
Chemotherapy: 22% Fibrosis
: . 0 471 (87.7%) 446 (83.1%)
Median FUP: 32 months | B (114 & (1200
2 5(0.9%) 22 (4.1%)
3 1(02%)

The Breast 29 (2016): 90-95
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No 490 (91.3%) : <% - — -

Yes 47 (8.7%) 09 Multivariate analysis

No 281(523%) 1 1 Variables n Acu.tg skin lat? !’ibl’OSlS
— 256(477%) 12 031 09 076 toxicity toxicity
Chemother,

No w 418(778%) 1 1 OR  p-value® OR  p-value®
e 19220 15 008 17 004 -

™ Therapy Diabetes

Conclusions: The results of our study, according to the large randomized trials, confirmed that hypo-
fractionated whole breast irradiation is safe, and only the boost administration seems to be an important
predictor for toxicity. Chemotherapy does not u}}bact on acute and late skin toxicity.

Chemo and hormone 85 (15.8%) 19 006 1.7 020 1°t (<553.1 cc) 149 (33%) 1 1
%’M 2°t (553.1 — 806.9 cc) 151(335%) 09 0.67 1.2 065
1°t (<553.1 cc) 149 (33%) 1 1 NC 3°t (>806.9 CC:) ) 151 (33.5%) 1.3 0.40 1.2 0.53
2°t(553.1 - 8069 cc) 151(335%) 10 093 12055 Breast PTV receiving a dose
3t (>8069 c) 151(335%) 16 005 14 022 >44.52 Gy (105% of PTD)
&E:fg;cm;ﬁ . <Median value (92.5 cc) 220 (48.4%) 1 1
Medi lue (925 cc) 220 (484%) 1 ' >= Median va!u_e 235(51.6%) 13 047 09 0386
>= Median value 235(516%) 20 <001 19 001 Breast PTV receiving a dose
Breast PTV receiving a dose >45.37 Gy (107% of PTD)
>4537 Gy (lﬂgit;f I’I;D) nausT 1 . <Median value (344 cc) 224 (48.7%) 1 1
<Median value cC, W o
~— Medion volse 276(513%) 19 <001 20 <o >= Median vqlu_e 236 (513%) 0.7 038 21 021
Breast PTV receiving a dose Breast PTV receiving a dose
>46.64 > 46.64 Gy (110% of PTD)
Gy (110% of PI(D) ) ; ) <Median value (4.8 cc) 222 (483%) 1 1
<Median value (4.8 cc 222(483%) 1 1 _ ;
~— Median volue P17 21 <A - > Medxgq valug 238 (51.7%) 1.7 010 06 035
e — Boost administration
393(732%) 1 1 No 393 (73.2%) 1
144 (268%) 25 <001 22 <001 Yes 144 (26.8%) 1.5 024
(508%) 1 1
14 038 The Breast 29 (2016): 90-95
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ORIGINAL ARTICLE ‘ Farmaci innovativi e |pofra2|onam
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Long_Term Results of Hypofractionated _

Radiation Therapy for Breast Cancer \\

Table 2. Global Cosmetic Outcome, Assessed According to the EORTC Scale.* O\
Rating Baseline 5Yr ) 10 Yr
Standard  Hypofractionated Absolute Standard Wﬁamomtﬁ ' Absolute : ’Sﬂqdard Hypoﬁa;tionated A.bsolute
Regimen Regimen Difference Regimen:, Regimen _Difference Regimen Regimen Difference
(N=604) (N=616) (95% Cl) (N=423) (N=448) (959 CI) (N=216) (N=235) (95% Cl)
percent of patients percentage points pmcm of paucn% )\ percentage points percent of patients percentage points
Excellent 46.3 46.8 34 3 \)“36 4 27.8 306
Good 36.3 37.0 Jaa, 9 b “oas 435 39.2
Fair 15.1 146 l\\ / w‘a 19.0 25.5 25.4
Poor 23 1.6 35 3.1 32 4.8
Excellent or 82.6 83.8 -1.2(=5.41t03.1) 79.2 77.9 1.3 (-4.2106.7) 713 69.8 1.5 (-6.9109.8)
good
Subcutaneous tissue
0F 61.4 66.8 453 48.1
1 325 29.5 443 40.0
2 5.2 38 6.8 94
3 0.9 0.9 3.6 2.5
N Engl J Med 2010;362:513-20




3% @) 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

Farmaci innovativi e ipofrazionam

START-A START-B
416Gy 39Gy  Total 206y ol
(n=749) (n=750) (n=737) (n=2236) (n=1105) (n=1110) (n=2215) )
Symptomatic ib fracture® [ND et
Reported SO7% 8(11%) 9(12%) 2(0%) 7ASK) 24Q2%) A%, | |
Confirmedt 0 0 101% 1(01%) 303% 3(03%  6(03%) g
Symptomatic lung fibrosis o 1O R\
Reported 6(08%) 9(12%) 8(11%) 23(10%)  19(17%) . 19(17%) 38(17%)
Confirmedt 0 2(03%) 1(01%) ,fa@m 2(02%) 80797 10(05%)
Ischaemic heart diseaset \Q\,/ W
Reported 14(19%) 11(15%) 8(11%) 33(15%) 23(1%) 17(15%) 40(18%)
Confirmedt
Total 7009% 5(07%) 6(08%) 18(08%) 16(14%) 8(07%) 24(11%)
Left sided 4(05%) 1(01%) 4(05%) 9(04%)  5(O05%) 4(04%) 9(04%)
Brachial plexopathy 0 1(01%) 0 1(<01%) 0 0 0

Data are n (%). *Reported cases indude seven after trauma (five in START-A, two in START-B), and ten after metastases
(five in START- A and five in START-B). tAfter imaging and further investigations. $26 patients in START-A and 22 in
START-B had pre-existing heart disease at enrolment and were excluded.

Table 3: Incidence of other late adverse effects according to fractionation schedule

QN

PALACONGRESSI! DI RIMINI - 30 settembre, 1 - 2 ottobre

A
Hazard ratio (95% C1)
41-6 Gy vs 50 Gy |
—_—
39 Gyvs 50 Gy
Breast shrinkage —m+
Breast induration —
Breast oedema [ —
Telangiectasia _—
Shoulder stiffness
Arm oedema
U Al U U 1 U LU
02 04 06 0810 15 202530
Favours 41-6 Gy or 39 Gy Favours 50 Gy
B
Hazard ratio (95% C1)
40Gyvs50Gy
Breast shrinkage -.-
Breast induration -
Breast oedema ——
Telangiectasia el
Shoulder stiffness
Arm oedema
J I U | U 1
01 03 0§ 10 20 30 40
Favours 40 Gy Favours 50 Gy




Cardiac toxicity

Long-term mortality from cardiac causes after adjuvant
hypofractionated vs. conventional radiotherapy for localized left-sided

breast cancer
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Left-sided cases Right-sided cases
Variable Statistic CF-WBI HF-WBI p- Variable Statistic CF-WBI HF-WBI p-
(N=485) (N=2221) Value” (N=455) (N=2173) Value”
Age at diagnosis Median [IQR] 58 [50-66] 58 [48-68] 0.82 Age at diagnosis Median [IQR] 57 [49-66] 58 |47-68] 0.54 5 3 34 pz :
Summary stage Stage 1 319 (66%) 1460 (66%) 0.99 Summary stage Stage 1 296 (65%) 1473 (68%) 0.26
Stage 2 166 (34%) 761 (34%) Stage 2 159 (35%) 700 (32%)
Grade Grade 1 73 (15%) 403 (18%) 036  Grade Grade 1 85 (19%) 390 (18%) 0.61 2221 pZ H F'WBI sx
Grade 2 233 (48%) 1044 (47%) Grade 2 217 (48%) 1042 (48%)
Grade 3 148 (31%) 704 (32%) Grade 3 127 (28%) 671 (31%) 485 pz CF_WB|
Unknown 31 (6%) 70 (3%) Unknown 26 (6%) 70 (3%)
ER status ER —ve 103 (21%) 421 (19%) 0.12  ER Status ER —ve 90 (20%) 452 (21%) 058 .
ERwve  298(61%) 1482 (67%) EReve  307(67%) 1433 (66%) median FUP 14.2 years
1Inknown R4 (17 MUK (14 I Inknnwn AR (12%) TIRRK (1)
Cause of Left-sided cases (N =2706) \\>\ Right-sided cases (N = 2628)
; »
e CF-WBI HF-WBI p-Value p-Value (propensity ‘ CF-WBI HF-WBI p-Value p-Value (propensity
(unadjusted) score model) (unadjusted) score model)
Cardiac 4.2% (2.5, 4.8% (3.9, 0.74 0.45 3.47% (2.0, 4.94% (4.0, 0.21 0.15 )
6.5) 5.9 . 5.6) 6.1) 15-year cumulative
Breast 16.2% (12.8, 13.9% (12,5, 028 \\ 0.16 13.37% (103, 13.67%(12.2, 0.49 0.25 mortalit
19.9) 15.5) s 16.9) 15.2) y
Other 13.4% (10.2, 10.9% (9.5, 0.43 0.47 8.98% 11.10% 0.21 0.26
N stage 0 nodes +ve 398 (82%) 1739 (78%) N stage U noaes +ve 350 (77%) 1709 (79%)
>1nodes 75 (15%) 359 (16%) >1nodes 87 (19%) 339 (16%)
+ve tve
Unknown 12 (2%) 123 (6%) Unknown 18 (4%) 125 (6%)
Year of diagnosis 1990-1992 137 (28%) 562 (25%) 0.11  Year of diagnosis 1990-1992 133 (29%) 551 (25%) 0.11
1993-1995 173 (36%) 746 (34%) 1993-1995 160 (35%) 745 (34%)
1996-1998 175 (36%) 913 (41%) 1996-1998 162 (36%) 877 (40%)

Radiotherapy and Oncology 113(2014): 73-78
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Organ Dose-volume Treatment group
Supine Prone
PTVoptim Coverage (%) 92.7+49 96.2+22
Homogeneity  0.87+0 \\” 09040.04
Vios (cc) 309+404 ' 89177
Vigz (c€) 764126 09427
Heart Dmean (GY) 20%11° 1506
Dﬁi&l(, . 12.1£95 9.7+6.5
Vs (%) 59+55 38+39
Vo (%) 14+23 0.7+09
LAD Dmean (GY) 93 +6.5 54+37
Dyax (Gy) 23.0+11.7 19.5+11.1
Ipsilateral lung Dean (Gy) 38+1.1 1.1+09
Dpmax (Gy) 26.6 +6.5 86+89
Vs (%) 16.9+5.7 29+37
Voo (%) 55+33 09+2.1
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Breast dose Total equivalent dose (Gy) if o/ = 3 Gy, and you
inhomogeneity use fractions of ...
2 Gy 4 Gy 6 Gy
(o ”)
100% 50.0 50.0 50.0 r e t ro u e
l \\?:‘Q the chmcal consequences of high doses to small volumes are
105% 53.6 54.0 543 | much less than high doses delivered to large volumes.

_> _> ‘triple trouble’

‘double trouble’

AL

> N\
% equivalent dos’e in 2.0 Gy fractions at
different fraction sizes

Dose
inhomogeneity 2 Gy 3 Gy 4 Gy 5 Gy 6 Gy
105% 107.1% 107.1% 108.0% 108.3% 108.5%
110% 1144% 115.5% 1163% 116.9% 117.3%
115% 121.9% 123.6% 1249% 125.8% 126.5%

J. Yarnold et al. / The Breast 24 (2015) $108-S113
IJROBP 2011 vol 79; N1, pp 1-9
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(1 Hypofractionation was also associated with fewer normal tissue effects.

1 These outcomes were the same irrespective of age, tumour grade, stage, chemotherapy
use, or use of tumour bed boost. AN

>

O Thus, the shorter regimen.is safe and effective for most women with breast cancer, and
might be the preferred strategy.

O Widespread use of a 3 week course of radiation would reduce health-care costs, whilst
maintaining high treatment quality without compromising outcomes.



Hypofractionation for Breast Cancer: Lessons
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ONCOLOGY
Review Article | June 15,2014 | Oncology Joumnal, Breast Cancer, Radiation Oncology
By Michael J. Eblan, MD, Noam A. VanderWalde, MD, Elaine M. Zeman, PhD, and Ellen Jones, MD, PhD
Adjuvant whole breast irradiation was established within the standard of )
care for breast-conserving therapy in the early 1980s, following the results of
major randomized trials comparing mastectomy vs breast-conserving 1 6 f raz
surgery and radiation. Since that time, techniques and treatment strategies : X 1 OO Z
have evolved, but one major thread that carries forward is the need to 2 5 fra Z p
balance cost, efficacy, complications, and convenience. Fortunately, data
from randomized trials conducted in Canada and Great Britain provide a
solid framework for the consideration of hypofractionated radiation in the

treatment of breast cancer. In this review we discuss the rationale and
underlying radiobiologic concepts for hypofractionation, and review the
clinical trials a ociety for Radiation Oncology
guidelj upporting this approach. We also review the practical
siderations for treatment planning, including dosimetric criteria and how to
approach treatment of the node-positive patient. In the current era of
healthcare reform and cost awareness, thoughtful utilization of
hypofractionation may offer considerable savings to individual patients and
althcare system—without compromising clinical outcomes or quality of

2500-1600 =900

900:16 = 56

life.

World J Radiol 2010 June 28;2(6):197-202






