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CLINICAL INVESTIGATION Breast Cancer

PATIENT PREFERENCES AND PHYSICIAN PRACTICE PATTERNS REGARDING
BREAST RADIOTHERAPY

Davip J. Hoopes, M.D..* Davip Kaziska, Pu.D.." Patrick Cuarin, Pu.D.." DaNEL WEED, M.D.::‘i
Beniamin D. Smith, M.D..! E. RonaLp HaLe, M.D., M.PH..¥ AxD Perer A. Jounstone, M.D.}

A total of 1,807 women (36%) and 363 physicians (17%) provided
usable responses.

Patient preferences were:

hypofractionated whole breast irradiation (HF-WBI) 62%,
partial breast irradiation (PBl) 28%

conventionally fractionated whole breast irradiation (CF-WBI) 10%.

Physicians preferences were:

82% of physicians use CF-WBI for more than 2/3 of women
56% never use HF-WBI.



And so = Hypofractionated Radiotherapy....

As fraction size increases............... total dose must be
reduced in order to maintain the same level of antitumor

or normal tissue effect.

It should now be clear that it is always possible to identify
a hypofractionated schedule equivalent to a conventionally
fractionated regimen in terms of a specific late adverse

effect.
d
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Table 1. Randomized clinical trials testing fraction size in adjuvant external beam radiotherapy

Test schedule

(total dose/fraction

no./treatment time % of patients undergoing \ % of patients prescribed [YMedian follow up
Tral year range  [weeks) (fraction size)] No. of patients \preast-conserving surge a boost dose (months)
RMH/GOC 39.0/13/5.0 (3.0) 100 74.5 116
1986-1998 42.9/13/5.0 (3.3)
Ontario 42.5/16/3.2 (2.66) 100 0 > 132
1993-1996
START A 39.0/13/5.0 (3.0) 85 60.6* 61
1999-2002 41.6/13/5.0 (3.2)
START B 40.0/15/3.0 (2.67) 92 42.6* 72
1999-2001

Data compare designs of randonuzcd clinical tnale tceung frawon size m adjuvam extcrnal beam radxotherapy to whole breast after local
excision of early breast cancer. : ' -
* Breast conservation patients only.

Yarnold J, 2011
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in the breast after radiotherapy for early breast cancer:
long-term results of a randomised trial

John Yarnold®*, Anita Ashton®, Judith Bliss®, Janis Homewood®, Caroline Harper<,
Jane Hanson?, Jo Haviland®, Seren Bentzend, Roger Owen®

Radiotherapy and Oncology 75 (2005) 9-17

Royal Marsden Hospital and Gloucestershire Oncology Centre (RMH/GOC)

1410 pts

50 Gy / 25 fr (2.0 Gy/fr) / 5 weeks
39 Gy /13 fr (3.0 Gy/fx) / 5 weeks
42.9 Gy / 13fr (3.3 Gy/fx) / 5 weeks

75% of pts 2>electron boost to the lumpectomy cavity
20% of pts = regional lymph nodes RT
14% of pts—> received CMF chemotherapy

Radiotherapy and Oncology 75 (2005) 9-17



Royal Marsden Hospital and Gloucestershire Oncology Centre (RMH/GOC)

The primary endpoint was late normal tissue effects........

The results were consistent with breast cancer having a
similar sensitivity to fraction size as the late-reacting
healthy tissues.

Any Change in Breast Appearance

3.0 Gy/13fx

T -~-—____ 350Gy (140/300)
.._“,‘,‘_‘_‘_%—__\\‘*\__ 30Gy (112/400)

N4 i 42.0Gy (108/307) 3 3 Gy/1 Py PPt
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Fig. 2. Probability of any change in breast appearance late radiation
effect ten years after radiotherapy by fractionation schedule.

Radiotherapy and Oncology 75 (2005) 9-17
The 4/B ratio for any change in breast - 3.6 Gy



The Lancet, 2006

Effect of radiotherapy fraction size on tumour control in > W
patients with early-stage breast cancer after local tumour
excision: long-term results of a randomised trial

J Roger Owen, Anita Ashton, Judith M Bliss, Janis Homewood, Caroline Harper, Jane Hanson, JoanneHaviland, Soren M Bentzen,

John R Yarnold

In 2006, the investigators reported the results of the trial
in terms of local breast recurrence.

The risk of local recurrence at 10 years was

12.1% for 50.0 Gy,
9.6% for 42.9 Gy No statistical differences

14.8% for 39.0 Gy.

the /B ratio for local recurrence - 4.0 Gy.



The Lancet, 2008

The UK Standardisation of Breast Radiotherapy (START) > W
Trial A of radiotherapy hypofractionation for treatment of
early breast cancer: a randomised trial

The START Trialists” Group*

Between 1998 and 2002, 2236 women with early breast
cancer (pT1-3a pNO-1 MO) at 17 centres in the UK were
randomly assigned after primary surgery to receive

50 Gy in 25 fractions of 2.0 Gy
41.6 Gy in 13 frations of 3.2 Gy
39 Gy in 13 fractions of 3.0 Gy

5 weeks.

The protocol-specific principal endpoints were
local-regional tumour relapse
normal tissue effects
quality of life
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Percentage of patient swith no

Qo

o
‘;asge bf local-regional tumour relapse at 5 years

st
- 3.6% after 50 Gy,
L7 3.5% after 41.6 Gy,
: 5.2% after 39 Gy.
3 30
20 50 Gy (28/749)
—— 416 Gy (30/750)
109 Unadjusted a/B-4-8 Gy (95%C10-163) == 39 Gy (35/737) .
] ; 2 ; - no change in the breast
Photographic and s e~
patient self- H
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adverse effects after S B — Thaane
39 Gy than with 50 Gy, T 1 5 IR S
Figure 3: Kaplan-M eier plot of mild/marked change in breast appearance (photographic) in 1055 patients
with breast conserving surgery




Fractionation schedule Total n=2236 (%)

A0

,‘ P 50 Gy 41-6 Gy 39 Gy

S n=749 n=750 n=737

Ischaemic heart disease*

Reported 12 (1-6) 7 (0-9) 8 (1-1) 27 (12)
Confirmedt [left-sided]t  3(0-4)[1] 2(0-2)[0] 5(07)[4] 10 (0-4) [5]
Symptomatic rib fracture§

Reported 8(11) 9(1-2) 10 (1-4) 27 (1-2)
Confirmedt 1(0-1) 2(0-3) 1(01) 4(02)
Symptomatic lung fibrosis

Reported 5(07) 6(0-8) 7 (0-9) 18 (0-8)
Confirmedt 0(0) 2(0-3) 1(01) 3(01)

Data are n (%). *18 patients had pre-existing heart disease at randomisation and were excluded. fCases confirmed
after imaging and further investigations. $Confirmed cases of ischaemic heart disease in patients with left-sided
primary tumours. SReported cases include three with rib fracture after bone metastases and nine after trauma.

Table 3: Incidence of ischaemic heart disease, symptomatic rib fracture, and symptomatic lung fibrosis
according to fractionation schedule

The incidence of ischaemic heart disease, symptomatic rib fracture
and symptomatic lung fibrosis was low at this stage during follow-up,
and balanced between the schedules
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The results of START Trial A are consistent with the
hypothesis that breast cancer is as sensitive to fraction

size as the normal tissues.

In START Trial A, 41,6 Gy in 13 fractions (3.2Gy x fr) was
similar to the control regimen of 50 Gy in 25 fractions in

terms of normal tissue effects and also in terms of local
tumour control

50 Gy in 25 fractions of 2.0 Gy
41.6 Gy in 13 frations of 3.2 Gy
39 Gy in 13 fractions of 3.0 Gy




= (W The UK Standardisation of Breast Radiotherapy (START)
Trial B of radiotherapy hypofractionation for treatment of

early breast cancer: a randomised trial

The START Trialists’ Group*

Lancet 2008:371: 1098-107

Between 1999 and 2001, 2215 women with early breast
cancer (pT1-3a pNO-1 M0O) at 23 centres in the UK were

randomly assigned after primary surgery to receive

50 Gy in 25 fractions of 2:0 Gy over 5 weeks
or

40 Gy in 15 fractions of 2-67 Gy over @



Loco -regional relapse

2-2% in the 40 Gy pts

3-3% in the 50 Gy pts,
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Figure 4: Kaplan-Meier plot of mild/marked change in breast appearance (photographic) in 923 patients with

breast conserving surgery



Fractionation schedule Totaln=2215

,‘ 6 50 Gy 40Gy
P$ n=1105  n=1110
6" Ischaemic heart disease*

Reported 19(1-7) 15(1-3) 34 (15)
Confirmedt [left-sided] 12(11)[4] 7(0-6)[3] 19(0-9)[7]
Symptomatic rib fracture§

Reported 17 (1-5) 16(14) 33(15)
Confirmedt 2(02) 2(02) 4(02)
Symptomatic lung fibrosis

Reported 15(1-4) 16 (1-4) 31(1-4)
Confirmedt 1(0-1) 3(03) 4(02)

Data are n (%) unless otherwise stated. *11 patients had pre-existing heart disease
at randomisation andwere exduded. {Cases confirmed following imaging and
further investigations. ¥Confirmed cases of ischaemic heart disease in patients
with left-sided primary tumours. SReported cases indude four with rib fracture
after bone metastases and three after trauma.

Table 3: Incidence of ischaemic heart disease, symptomatic b fracture,
and symptomatic lung fibrosis according to fractionation schedule

The incidence of ischaemic heart disease, symptomatic
rib fracture, and symptomatic lung fibrosis was low at
this stage during follow-up, and balanced between the
schedules
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Interpretation
A radiation schedule delivering 40 Gy in 15 fractions (2.67

Gy) over 3 weeks seems to offer rates of local-regional
tumour relapse and late adverse effects at least as
favourable as the standard schedule of 50 Gy in 25

fractions.




The NEW ENGLAND JOURNAL of MEDICINE

N ENGL J MED 362;6 NEJM.ORG FEBRUARY 11, 2010

ORIGINAL ARTICLE

Long-Term Results of Hypofractionated
Radiation Therapy for Breast Cancer

Timothy J. Whelan, B.M., B.Ch., Jean-Philippe Pignol, M.D., Mark N. Levine, M.D.,
Jim A. Julian, Ph.D., Robert MacKenzie, M.D., Sameer Parpia, M.Sc.,
Wendy Shelley, M.D., Laval Grimard, M.D., Julie Bowen, M.D., Himu Lukka, M.D.,
Francisco Perera, M.D., Anthony Fyles, M.D., Ken Schneider, M.D.,

Sunil Gulavita, M.D., and Carolyn Freeman, M.D.

612 pts assigned to standard irradiation (50 Gy/25 fr)
622 pts assigned to the hypofractionated regimen (42.5/16 fr)



4 Standard
regimen

Local Recurrence (%)
w
|

0 T T T T T T T T T T T 1
0 X 2 3 4.5 G F B 9 10 11 12

Years since Randomization

No. at Risk

Standard regimen 612 597 578 562 550 553 499 485 470 449 410 317 218

Hypofractionated 622 609 592 569 548 524 500 472 447 430 406 330 214
regimen

At 10 years, 71.3% of
women in the control
group as compared with
69.8% of the women in
the hypofractionated-
radiation group had

a good or excellent
cosmetic outcome

100
90
80
70—
60 Standard regimen

504

Hypofractionated regimen

Survival (%)

0 I I I I I | | | I I 1

I
0 1 2 3 4 5 6 7 8 g 30 3% A2
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
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CRITICAL REVIEW

HYPOFRACTIONATED WHOLE-BREAST RADIOTHERAPY FOR WOMEN WITH
EARLY BREAST CANCER: MYTHS AND REALITIES

Joun YarnorD, FR.C.R..* SoreN M. BENTZEN, D.SC.,T CHARLOTTE COLES, PH.D..i
AND JOANNE HAVILAND, M.Sc.§

S-year rate for

Dose schedule

(total dose/fraction no./treatment time Any change in breast Local tumour
Trial (weeks) (fraction size)) appearance (%) relapse (%)
RMHGOR 50.0125/5.0 (2.0)

19861998 39.0/13/5.0 (3.0) .
. Hypo in S

Ontario 50.0/25/5.0 (2.0) k -

19931996 251632 (2.66) WKS =

CSTART AD 0/25/5.0 (2, 429

1999-2002 39.0/13/5.0 (3. 0) 32.1
_ Hypo In8__i35

START B 50. 0/"5/5 0 (7 0) 922

1999-2001 10.0/15/3.0 (2.67) wks 36.5

Int. J. Radiation Oncology Biol. Phys., Vol. 79, No. 1, pp. 19, 2011



Table 1. Randon;i;’ ‘1 clinical trials testing fraction size in adjuvant external beam radiotherapy

Stmasxn%‘};/tfmcfion

P no./treatment time % of patients undergoing % of patients prescribed  Median follow up
T al?car range  (weeks) (fraction size)) No. of patients  breast-conserving surgery a boost dose (months)
RMI@ 39.0/13/5.0 (3.0) 1,410 100 74.5 116
1986-1998 42.9/13/5.0 (3.3)
Ontario 42.5/16/3.2 (2.66) 1,234 100 0 > 132
15 5
39.0/13/5.0 (3.0) 2,236 60.6* 61
41.6/13/5.0 (3.2)
40.0/15/3.0 (2.67) 2215 42.6* 72

Data compare designs of randomized clinical tnals testing fraction size in adjuvant external beam radiotherapy to whole breast after local
excision of early breast cancer. All trials used a control arm delivering 50 Gy in 25 fractions over 5 weeks.
* Breast conservation patients only.

.In our view, hypofractionation trials based predominantly on
patients undergoing breast conservation surgery are
informative for postmastectomy radiotherapy.

Yarnold J, 2011
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LOCOREGIONAL TREATMENT OF CLINICAL STAGE |, IIA, OR IIB DISEASE OR T3, N1, M0

Total mastectomy with
surgical axillary
staging9h (category 1)
* reconstruction

> 4 positive \

axillary nodes!

1-3 positive

axillary nodes )

Negative axillary nodes
and tumor > 5cm

or

margins positive

Negative axillary nodes
and tumor <5 cm and
close margins (<1 mm)

Negative axillary nodes
and tumor < 5 cm and
margins =1 mm

.

Postchemotherapy radiation therapy to chest wall
(category 1) + i i i

areas.™ Consider radiation therapy to internal mammary
nodes (category 3)™:n

Strongly consider postchemotherapy radiation therapy
to chest wall + infraclavicular and supraclavicular
areas;™ if radiation therapy is given, consider internal
mammary node radiation therapy ™" (category 3).
Consider radiation therapy to chest wall * infraclavicular

and supraclavicular nodes. Consider radiation therapy to
internal mammary nodes (category 3)™

Postchemotherapy radiation therapy to chest wall™

No radiation therapy >

BINV-4
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After irradiation of the axilla and/or supraclavicular
fossa, there were no cases of brachial plexopathy
recorded in 82 patients given 40 Gy in 15 fractions in
the START B trial at a median follow-up of 6.0 years

The regimen is equivalent to 47 Gy in 2.0-Gy fractions if
the a/b value for brachial plexus is 2.0 Gy or to 49 Gy in
2.0-Gy fractions, if a/b = 1.0 Gy.

Yarnold, 2011




If radiotherapy centers are confident that their
technique is safe when prescribing 50 Gy in 25
fractions, there will be no excess risk after 40 Gy
in 15 fractions by using the same treatment
position, field arrangement, dosimetry, and
reference point.

Yarnold, 2011
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The sensitivity of lung tissue to larger fractions is a
concern, but lung doses delivered by tangential fields
exceed tolerance in whatever fractionation schedule
is used.



P Fractionation schedule Total n=2236 (%)
;!

sﬂp‘@ 50 Gy 416Gy 239Gy

n=749 n=750 n=737
Ischaemic heart disease*
Reported 12 (1-6) 7 (0-9) 8 (11) 27 (12)
Confirmedt [left-sided])t  3(0-4)[1) 2(0-3)(0] 5(07)(4) 10 (0-4) [S)

%) Fractionation schedule  Total n=2215
o

P‘ 50 Gy 40Gy

5" n=1105 n=1110
Ischaemic heart disease*
Reported 19(1.7) 15(1-3) 34 (15)

Confirmedt [left-sided): 12(11)[4] 7(0-6)[3] 19(0-9)[7)

A median follow-up of 5 years (START A) is too short to allow assessment of all the
potential late normal tissue effects such as cardiac damage.

ooooooooooooooooooooooooooooooooo

relative effects of different fractionation schedules remain unchanged over time.



15-20 years of follow-up will be needed to reliably
measure cardiac effects.

The short-term priority is to protect the heart from
exposure to radiotherapy, regardless of radiation
schedule, since there appears to be no safe lower dose
limit, however fractionated ; something that is now
possible with advanced radiotherapy technologies
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CLINICAL INVESTIGATION

FRACTIONATION FOR WHOLE BREAS RRADIATION: AN AMERICAN SOCIETY
FOR RADIATION ONCOLOGY VIDENCE-BASED G UIDELINE

BensaMN D. Smri, M.D..* Soren M. Bentzen, Pu.D., D.Sc.,” Canpace R. Correa, M.D..}
CAroL A. HAHN, M.D.,§ PaTtriciA H. HARDENBERGH, M.D.,q GEOFFREY S. IBBOTT, PH.D.,”
BErYL McCormick, M.D., FACR..” JuLie R. McQueen, CHES., RHED..** Lori1 J. PErce, M.D../
SiMon N. PoweLL, M.D.. Pu.D.* Asram Recut, M.D..** ALpHONSE G. TAGHIAN, M.D.. PH.D.,“

Treated with breast-conserving |

surgery RMH/GOC
Age =50 years 19861998
pT1-2 _
pNO ?;3;'2?99 ¢ but....
Chemotherapy not used START A treatment planning
Central axis inhomogeneity 19992002 boost

~7% 10 +7%

chemotherapy

START B

1999-2001



homogeneity of the dose distribution (ICRU) verify
only on central axis plane

two-dimensional planning techniques without tissue
heterogeneity corrections

As optimizing the homogeneity of dose in the offaxis

planes as well as the central-axis plane reduces acute and
late toxicities......ccevvreerennens :

the task force encourages the use of three-dimensional

planning techniques in all patients to minimize dose
inhomogeneity and reduce toxicity

Smith BD, 2010 ASTRO



Boost

There were few data to define the indications for and
toxicity of a tumor bed boost in patients treated with HF-WBI

@

In the Canadian study, none of the e RS DT T
patients received a tumor bed boost, € sz, 51-60anni

but the risk of IBTR at 10 years was " BLGRREREN
only 7.5%, suggesting that potential
benefit of a tumor-bed boost is likely 7] __—
to be small Fiasipomi

Cumulative Incidence (2

There are no data to define the results in other study in
which included patient treated with boost (RMH/START)

Smith BD, 2010 ASTRO




Boost

the ASTRO task force was unable to reach consensus on the
integration of a tumor-bed boost and HF-WBI in clinical
practice.

There was general agreement that the indications for when
to use a boost are likely to be similar regardless of the WBI
fractionation scheme employed.

The majority of the task force membership supported using
a tumor-bed boost in conjunction with HF-WBI when a
boost is indicated, but a minority favored using only CF-WBI
in this setting.

Smith BD, 2010 ASTRO



Chemotherapy

65%-90% of patients in these trials did not receive CT

anthracyclines and taxanes were used very infrequently
during the era in which those trials were conducted

Retrospective studies have not shown that chemotherapy
increased the risk of side effects attributable to HF-WBI, but

the numbers of patients in these studies were small and
follow-up limited

The majority of the task force members reported that
they commonly use HF-WBI following anthracycline- or
taxane-based chemotherapy in their clinical practice

Smith BD, 2010 ASTRO
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CLINICAL INVESTIGATION
FRACTIONATION FOR WHOLE BREASTRRADIATION: AN AMERICAN SOCIETY
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Treated with breast-conserving
surgery

Age =50 years

pT1-2

pNO

Chemotherapy not used

Central axis inhomogeneity
~7% 10 +7%

Conclusion: Data were sufficient to support lhe use of HF “ Bl for patlents w lth earl\ -stage breast cancer who met
all the aforementioned criteria. F, i either for or against
the use of HF-WBIL, which pevertheless should not be interpr as a contraindication to its use. Copyright ©
2010 American Society for Radiation Oncology. Published by Elsevier Inc.




Recent randomized trials justify the routine use of modest

hypofractionation for adjuvant whole-breast
radiotherapy in women with early breast cancer.

The standard UK schedule of 40 Gy in 15 fractions is gentler
on normal tissues than 50 Gy in 25 fractions, without
evidence of inferior local tumor control.

This schedule, or 42.5 Gy in 16 fractions, can be
recommended as safe and effective alternatives to 50 Gy in
25 fractions for whole-breast or postmastectomy chest wall
radiotherapy.

It is unlikely that a 15- or 16-fraction regimen represents
the limits of hypofractionation for whole-breast RT

Yarnold, 2011



Radiotherapy and Oncology 100 (2011) 93-100
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Phase 11l randomised trial

First results of the randomised UK FAST Trial of radiotherapy hypofractionation
for treatment of early breast cancer (CRUKE/04/015)

Women aged >50 years with node negative early breast
cancer were randomly assigned after microscopic complete
tumour resection to 50 Gy in 25 fractions versus 28.5 or 30
Gy in 5 once-weekly fractions of 5.7 or 6.0 Gy, respectively,
to the whole breast.

The primary endpoint was 2-year change in photographic
breast appearance.

950 women were recruited from 2004 to 2007.
729 patients had 2-year photographic assessments.



Three-year rates of physician-assessed moderate/marked

adverse effects in the breast were

17.3% (13.3-22.3%, p < 0.001) for 30 Gy (6Gyx5)
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£ b o 3 year rates (95% CI):
3 ® 50 Gy: 6.8% (4.3% - 10.6%)
o £ 30 Gy: 11.8% (8.5% - 16.3%)
5 28.5 Gy: 7.1% (4.6% - 11.0%)
g 257 )
- Pairwise logrank tests
= 50 Gy vs. 30 Gy: p=0.002 50Gy
o 50 Gy vs. 28.5 Gy: p=0.455 ————- 30Gy
30 Gy vs. 28.5 Gy: p=0.016 Ll o8 6GY
0- T T T T T
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Jumber at risk (events)
50 Gy 302 299 273 (4) 185 (14) 72 (4)
30 Gy 308 301 281 (7) 183 (25) 63 (16)
28.5 Gy 305 298 279 (4) 191 (15) 64 (8)

5% (6.5-13.7%) after 50 Gy. (2Gyx25)

11.1% (7.9-15.6%, p = 0.18) for 28.5 Gy (5.7x5)
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£ 3 year rates (95% CI):
3w 50 Gy: 1.9% (0.8% - 4.6%)
28 30 Gy: 4.0% (2.2% - 7.1%)
< 28.5 Gy: 2.6% (1.3% - 5.5%)
T 25
2 Pairwise logrank tests
= 50 Gy vs. 30 Gy: p=0.172 50Gy
bt 50Cyvs.285Gy: p=0637 _____ 30Gy
30Gyvs.285Gy:p=0323 | 28.5Gy
0_ T T T T
0 1 2 4
Years since randomisation
Number at risk (events)
50Gy 302 299 275 (1) 194 (4) 79 (3)
30Gy 308 301 286 (1) 202 (10) 74 (4)
285Gy 305 208 281 (1) 196 (6) 69 (4)
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