icles

Effect of radiotherapy after breast-conserving surgery on
10-year recurrence and 15-year breast cancer death:
meta-analysis of individual patient data for 10 801 women
in 17 randomised triais

frarly Breast Caneer Triadists’ Cotlaborative Group (EBCTTG)

Summary

Rackground After breast-conserving surgery, radiotherapy reduces recurrence and breast cancer death, but it may do
so more for some groups of women than for others, We describe the absolute magnitude of these reductions according
to various prognostic and other patient characteristics, and relate the absolute reduction in 15-year risk of breast
cancer death to the absolute reduction in 10.year recurrence risk.

Methads We undertook a meta-analysis of individual patient data for 10801 women in 17 randomised trials of
radiotherapy versus no radiotherapy after breast-conserving surgery, 8337 of whom had pathologically confirmed
node-negative (pNO) or node-positive (pN+) disease.

Findings Overall, radiotherapy reduced the 10-year risk of any (ie, locoregional or distant) first recurrence from 35.0%
to 19-3% {absolute reduction 15-7%, 95% CI 13.7-17.7, 2p<0-00001) and reduced the 15-year risk of breast cancer
death from 25 2% to 21.4% (absolute reduction 3.8%, 1.6-6-0, 2p=0-00005). In women with pNO disease (n=7287),
radiotherapy reduced these risks from 31 0% to 15 - 6% {absolute recurrence reduction 15 - 4%, 13 2-17 - 6, 2p<0- 0000%)
and from 20.5% lo 17-2% (absolute mortality reduction 3-3%, 0-8-5.8, 2p=0.005), respectively. In these women
with pNO disease, the absolute recurrence reduction varied according to age, grade, oestrogen-receptor status,
tamoxifen use, and extent of surgery, and these characteristics were used to predict farge (220%), intermediate
(10-19%), or lower (<10%) absolute reductions in the 10-year recurrence risk. Absolute reductions in 15-year risk of
breast cancer death in these three prediction categories were 7-8% (95% CI 3.1-12-5), 1.1% (-2-0 to 4.2), and 0.1%
{-7-5 to 7.7) respectively (trend in absolute mortality reduction 2p=0-03}. In the few women with pN+ disease
{n=1050), radiotherapy reduced the 10-year recurrence risk from 63+ 7% to 42-5% {absolute reduction 21.2%, 95% ClI
14.5-27.9, 2p<0.000601) and the 15-year risk of breast cancer death from 51-3% to 42.8% (absclute reduction 8.5%,
1-8~15-2, 2p=0-01). Overall, about one breast cancer death was avoided by year 15 for every four recurrences avoided
by year 10, and the mortality reduction did not differ significantly from this overall relationship in any of the three
prediction categories for pNO disease or for pN+ disease,

interpretation After breast-conserving surgery, radiotherapy to the conserved breast halves the rate at which the
disease recurs and reduces the breast cancer death rate by about a sixth. These proportional benefits vary little
between different groups of women. By contrast, the absolute benefits from radiotherapy vary substantially
according to the characteristics of the patient and they can be predicted at the time when treatment decisions need
to be made.

Funeing Cancer Research UK, British Hearl Foundation, and UK Medical Research Council.

introduction

For many women with early-stage breast cancer, breast-  low-risk women; and increases the total number of

conserving surgery can remove any macroscopic disease
that has been detected; however, some miicroscapic
tumeur focl might remain in the conserved breast that
could, if untreated, lead to locoregional recurrence or
life-threatening digtant metastases, or both. This report
updates previous analyses from the Early Breast Cancer
Trialists’ Coliaborative Group (EBCTCG) of individual
patient data from the randomised trials of radiotherapy
after breast-conserving surgerv.™ 1t includes further
foliow-up for nine of the ten trials analysed previously;®
adds data from seven new trials, six of which were in
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women analysed by nearly 50%. The reporl focuses
mainly on women for whom pathological axillary lymiph
node stalus is known (negative [pNO] or positive [pN+]),
because such information is usually available nowadays.
It asgesses the extent to which the radiotherapy-refated
absolute reduction in 10-year risk of first recurrence a
any sile (Jocoregional or distant) varies for women with
different prognostic and other factars. It then relates
the absolute reduction in the 15-year rigk of breast
cancer death to the absolule reduction in the 10-year
risk of a recurrence.
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See Cniline for webappendix

Methods

Study design

Eligible trials were those beginning before the year
2000 of adjuvant radiotherapy versus no radiotherapy
following bresst-conserving surgery for invasive cances,
Trial identification and data handling were as previously
reported’ For every woman, information was sought
regarding initizl characieristics, allocated ireatment, time
to first recurrence, whether the first recurrence was
locoregional or distant (excluding contralateral breast
cancer), and date last known alive or date and underlying
cause of death, When no recurrence was reported before
breast cancer death, distant recurrence was assumed to
have just preceded it. H contralateral breast cancer
occurred before any other recurrence, follow-up was
censored on that date in recurrence analyses.

Statistical analysis

The method used i this study differs from that used
previously® First, to aveid assumplions about how
locoregional and distant recurrence relate fo each other,
the main emphasis is on analyses of any first recurrence
rather than, as before, of time to locoregional recurrence
as a first evenl. Second, most analyses of recurrence
present data for only 10 years, because many of these trials
did not follow up women beyond this time for recurrence.
This absence of follow-up should not bias the estimated
proportional effect on recurrence after year 10, but could
affect estimates of the absolute recurrence risk after
year 10 substantially. Third, deaths of unknown cause
before recurrence are no longer attributed to breast cancer,
because most occurred many years after wial entry, by

which time non-breast-cancer mortality predominated.
Other aspects of the methods used are as before® Log-rank
analyses are stratified by trial, individual follow-up year,
and nodal status. They are also stratified by age, either in
five groups (<40, 4049, 50-59, 60-69, 70+ years) or, when
data are also subdivided by other factors, in two groups
(<50 and 50+ years).

Analyses of the dependence of absolute risk, and
absolute risk reduction, on several factors simultanecusly
use Poisson regression fitted by maximum likelihood
{webappendix pp 20-25). In these analyses absolute risk
of any first recurrence is adjusted for trial, individual
follow-up year, nodal status, and age (five groups), and
also for turnour grade, tunour size, oestrogen-receptor
{ER) status, and whether or not tarnoxifer had been
used in both randemised groups in the trial.

Preliminary results were presented to collaborators
in September, 2010, A report was circulated to collabor-
ators for comment in January, 2031, and then
revised centrally.

Role of the funding source

The sponsors of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The Secretariat had fuil access to all
data and analyses. Submission for publication was
decided only by the writing committee,

Resulis

Information was available for 10801 women in 17 trials
{table 1), Six trials were of radiotherapy after lumpec-
tomy and included both low-risk and high-risk women

Nurnber  Years Women Deaths Woman-years at risk
oftrials  trials
available* began
Median/  Total Bistribustion by years since diagnosis
woman  (thousands) (thousands)
<5 5-9 10-14 15419 20+
Trial category'
(A) Lumpectomy, original trials® 6 1976-86 4308 1982 11-8 52.9 203 160 101 48 17
(B} Sector resection or quadrantectomy™s 4 1981-91 2399 708 124 25-4 16 103 60 14 01
(C) Lumpeclomy in low-risk women™ " 7 1989-99 4004 453 66 00 17:G 79 11 00 00
Pathological nodal status
Negative (pNO) 7287 1800 97 737 M0 233 113 39 12
Positive (pN+) 1050 585 103 118 46 3227 13 05
Unknown . 2464 757 88 236 113 76 37 10 0-0
Allwomen 17 1976-99 10801 2143 9.5 1091 498 341 172 63 17

* Only unconfounded Viials are considerad—ic, trials in which there was no difforence between the treatment groups in the type or extent of surgrry or in the use of systemic
therapy. Feeo further eligible tiads. ™ bath category A with s total of 133 wonsen, were identified but datawere unavailable. Setails of the 17 available trials are given in
waobappendix pp 4, 45-47. tElsewhere, these tial categories are abbreviated to: (A) bumpertomy: argingd; (1) »Lompectormy: (O Lompectory: Jow sk, i cateqgory A,

55% were pathologically node negative, 5% were dged 70+ years, 10% had fow-grade lumours, 54% had T3 temours {1-20 mm), §1% had oestrogen-receptos (ER)-posiive
disease or unknown status, and 44% were in trials inwhich lamoxifen was used in both trial groups. In calegory &, B1% were pathologically node negative, 10% ware aged
70+ years, 8% had Ipw-grade lumaurs, 899 had T1 tumours, 86% had ER positive disease or unknown status, and 6% were in trials inwhich Lamexifen was used in both uial
groups. In category , 733 were pathotogically nade negative, 40% wore aged 70+« years, 33% had fow-grade tumours, 0% had T2 tumoues, 984 had TR positive disease or
unkacwn slatus, and B8 werz in tials in which tarmosifen was used I both ukal groups,

Table 1: Availability of data from randamised trials of radiotherapy after breast-conserving surgery for invasive cancer that began hefore the year 2000
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Any first recursence Breast cancer death Any death
60 10-year gain 15:7% {S£ 1.0) 60 15-year gain 3-8 {SE 1.3} GO 15-year gain 3-0% (SE3-2)
RRO-52 (9%5% (1 ¢-48-0-50) RRO-82 {95% (1 0-75-0-90) RR0-92 {95% C 0-86-0.99)
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Figure 1: Effect of radiotherapy (RT) after breast-conserving surgery (BCS) on 10-year risk of any {Jocaregional or distant) first recurrence and on 15-year risks
of breast cancer death and death from any cause in 20 801 wemen {67% with pathologically node-negative disease) in 17 trials
Further details are in webappendix p 5. 8R=rate ratio. Rate ratios in this figure include all availabie years of follow-up.

{category A, 4398 women), four were of radiotherapy Any first recurrence Breast cancer death

afler sector resection or quadrantectomy (category B, Women with pND disease {n=7287)

2399 women), and seven more recent trials were of 60 10-yoar gain 15-4% (SF 1.1) 60 15-yaar gain 3-3% (SE 13)

radiotherapy after lumpectomy in low-risk women :‘“0‘49:95%(' ©45-055) :‘RO“BLE-‘J«"‘%C'0'{?3"‘:"95)

(category C, 4004 women). In most of the trials 507 ok <0 00602 30 oarrank20n0.005

radiotherapy was to the conserved Dbreast only g 40 ;: 4o

(webappendix p 4). Median follow-up was 9-5 years at | § BCS g

risk per woman and 25% of women were followed up | § 304 228w k300 & 30 _

for more than a decade. 3143 (29%) had died by the final é //\/ 3 20 ] . 3;,55%

follow-up date of Sept 30, 2006. 2: e 156% B RN R
The 10-year risk of any (locoregional or distant) first w"'“\‘rﬂ BCS+RT LR q‘” BOS ke

recurrence was 19 3%in women allecated to radiotherapy - 10-6% ot f\i’&‘y 104%

and 35.0% in women allocated to breast-conserving 7 T y R T T

surgery only, corresponding to an absolute risk reduction Vormen with piv+ diseaso (n1850)

of 15-7% {95% CI 13.7-17.7, 2p<0.00001; figure 1}. BCS

Nearly three-quarters of first recurrences in the no L

radiotherapy group were locoregional (25% locoregional 01 sy e bo-3 e

farst, 10% distant first), compared with fewer than half of so f%’ 50 o saw

those in the radiotherapy group {8% locoregional first, | & s T A% e Fpe

12% distant first; webappendix p 9). In addition to | § 404 2 sk £ 40 A

reducing recurrence substantially, radiotherapy also & 304 ; E’ 10 P

reduced breast cancer death by a moderate amount; the £ 311% g san St T

15-year absolute risk reduction was 3-8% (95% CI uE 20 % 20 2

1.6-6-0, 2p=0-00005), suggesting on average about one | < 10-yoar gain 212% (S 3.4) & 1o 15-yenr gain §:5% (ST 39)

breast cancer death avoided for every four recurrences 1 &K 053 (95% {1 0-44-0.64) 7 RR0-79 (95% (1 0-65-0:95)

avoided b)’ radiotherapy. 0 ! I I.ng;rank 2pe0 0:‘)()0] o m/fﬁg I [,og.i.-‘u\l:m):{}‘(]‘]
Allocation to radiotherapy halved the average annual 5 R 15 u 3 w0 ?5

rate of any first recurrence {rate ratio [RR] 052, 95% (1 Years Years

0-48-0.56, figure 1). The proportional reduction was
greatest in the first year (0-31, 0-26-0-37), but was still
substantial during years 5-9 (0.59, 0-50-0.70; web-
appendix p 13}, Beyond year 10 there was no evidence of
any further effect on the frst vecwrrence rate, bui
information about recurrence in this period was

Figure 2: Effect of radiotherapy (RT) after breast-conserving surgery (BCS) on 10-year risk of any

{locoregional or distant) first recurrence and on 15-year risk of breast cancer death inwomen with
pathologically verified nodal status
Vertical fines indicate t SE above or below the 5, 30, and 15 year percentages. Further detadls are in wehappendix
1 6-7. pNG=pathologically node-negative. pN+spathologically node-positive. RR=rate ratio. Rate ratios in this
figure include aft availablie years of follow-up.

{Agure 1), and there were substantial nurabers of breast
cancer deaths afler year 10

Martality without recurrence from non-breast-cancer
causes was slightly higher in women allocated to radio-
therapy than in women allocated to hreast-conserving

incomplete so the number of events was small and the
Cl wide (figure 1). Radiotherapy reduced the annual
breast cancer death rate by & sixth (RR 0-82, 0.75-0.90),
The timing of breast cancer death differed from that of
first recurrence, with few events during the first year
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Events per woman-year during years -8

Ratio of annual event rates

(e} Tria policy of using additional therapyt (heteroyeneity Xi=0-0; 2p=1-0)

Yes 0% 415
Mo 20% 429
Somefunknown 2-4% 3.8%

(#)Trial category (heteragenelty x3=9-4; 2p=0-069)

{A) Lumpectomy: ariginal 37 s
(&) ~Lumpactomy 1.6% 3-2%
(€) Lumpectomy: low risk 0-6% 2:0%
- 2:0% 42%

Bl 99% Clor =T 95% i

BUS4RT vs BCS {C1)*
AMiocated BCS«RT Alfocated BCS
(a) Entry age (trend x1+0:Q; 2p=0-9)
<4l years 5.Qu, 11.5% B — 0-49{0-32-0.76}
40-49 years 27% 61% - G444 (0-33-058) i
50-59 years 19% 10% - 047 (036-0.67) :
00-64 years 16% 6% - 045 (035058
70+ years 10 T% L R 044 (0250723
(1) Fumour grade (trend ¥7=0-0; 2p=0-9}
Low 1-0% 25% e G433 {0-29-0-65)
Intermadiate 224 44% R G447 {035-0-63)
High 41% a8% - 0-43{0:32-0-58)
Grade unknown 1.8% 36% 1 048 {0-39-0-59)
() Tumaour size {trend y}=1-7; 2p=0-2)
T4 (1-20 mm) 15% 35% = 042 (0-36-0-50)
T2 (21-50 mm} 45% B.9% - 056 10-37-0-66)
Variousfinknowin 249% 42% UMY WS E— 074 (0-43-1.27)
(d) Surgery, ER status, and trial policy of tamoxifen used (heterogeneity x;z11-4; 2p=0:01)
Lumgeclomy, ER-positive no tamoxifen 3.3% 800 .— 0-41(0-33-0-52)
1
Lumpectomy, ER-poor 5-2% 8:5% | 0-65 (0-46-0-94)
>lumpectony, ER-positive no tamoxifen/ER-poor 1.6% 32% - 453 (0-39-0-67)
Lumpectomy, ER-positive with tamesxifen 09% 24% - 038 {0-29-0-51)

3 046 {0-38-0.56)
- 046 {0-37-056)
069 (0.24-2.01)

| - 3 049 (£141-0-59)
-l 051 (039-067)
! 0-32 (0-22-0.45)
< 046 (0-43-0.51)
2p<0-00001
I i 13 1 T H 3 1
¢} 554 10 15 2.0
BCS+RT botter BCS+RT worse

Treatment effect 2p<0-00001

Figure 3: Event rates for any {locoregional or distant) first recurrence (% per year) and recurrence rate ratios for various factors, considered separately, during

years 0-9 inwomen with pathologically node-negative disease (n=7287)

BCS=breast-conseving surgery. RT=radiotherapy. ER=oestrogen receptor, Categeries inchuding unknowns excluded from tests for trend and heterogeneity. T4 trial policy
ol tamoxifen use gives Lamoxifen 10 both treatment groups i the disease is £R pasitive for ER unknown, here counted with ER positive); additional therapy could be
chemotherapy {usually cyclophosphamide, methatrexate, fluorouracil {CME]) for both treatment groups, or additional RT (nodat KT or a hoost or bath) for those
altacated BCS+RT. $0efinftions of tial categories A, B, and C are in table 1. Further details are in webappendix p 14.

surgery ondy, but the excess was not significant (RR1.09,
95% CI1¢-97-1.22, 2p=0-14). If the mortality rate lvom
non-breast-cancer causes in women allocated 1o radio-
therapy had been identical to that in women allocated
o breast-conserving surgery only, then the 15-year
absolute risk reduction in all-cause mortality would
have DLeen 3-2%. In facl, the 15-year absolute risk
reduction in all-cause mortality was 3-0% (95% C
0:6-5-4, 2p=0.03; figure 1).

Most women {n=7287} had pNO disease. In this group,
allocation to radiotherapy halved the average annual

recurrence rafe during the first decade (RR 0-46, 95% CI
0-41-0-51), reducing the I0year risk of any first
recurrence {rom 31-0% to 15.6%, an absolute reduction
ol 15496 (95% C113-2-17-6, 2p<0-00001 figure 2). For
these women, radiotherapy reduced hreast cancer death
by aboul a sixth {RR 0.83, 95% CI 0.73-0.95), and
reduced the 15-year risk of breast cancer death from
20-5% 10 17 2%, an absolute reduction of 3-3% (95% CI
0.8-5-8, 2p=0-005; figure 2).

For the 1050 women with pN+ disease, allocation to
radiotherapy reduced the lyear recurrence risk from
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10-year risk of a locoregional or distant recurrence (%)

Nurnber Test for trend/heterogeneity in absolute
allocated reduction
BCS+RT/BCS
BCS+RT BCS Absolute reduction  2p unadjusted® 21 adjusted”
witly RT {95% CI)
{a) Entry age {years) <C-00001 0-0002
<40 189/174 361 §0-7 246 (13210 36:0)
40-49 5764582 208 414 206 {15-110 26-1)
50-59 109371028 150 297 14-7 (10-8t0 18.6)
GO-64 1138431067 i4-2 283 14-1 (10-4 10 17-8)
70+ 679/661 88 177 8.9 (4-01013-8)
{b) Tumour grade <0-00001 <(-00001
Low 750/757 130 224 114 {6310 16:5)
Intermediate B16/843 164 -6 15-3{13-4 to 20-2}
High 4481431 28-6 533 247 (17-610 31-8)
Grade unknown 1661/1581 147 28.2 13.5(10-4 to 16.6)
{¢) Tomour siz¢ 0-02 .06
T1 (1-20 mm) 294242920 12:4 275 151 (12710 17°5)
T2 (2150 mm) 513/487 307 50-0 19:3{12.6 10 26.0)
Variousfunknown 220/205 24-9 326 76 (~1.81017.0)
{d) ER status and trial policy of tamaexifen uset <(3-00001 0-003
ER-poor 448437 289 438 14-9 (8-0t0 21-8)
ER-positive no tamoxifen 16861626 186 36-0 17-4(14-310 20:5)
ER-positive with tamoxifen  1541/1559 87 220 133 (10-Dt0 16-G)
(e) Trial policy of using additional therapy?t 0-06 045
No 1498/1471 15-8 316 15-8 (12710 18.9)
Yos 2137/2085 16-1 38 15-6 (12-3t0 18:9)
Somefunknown 50/56 .
(f) Triaf categoryd <0-00001{AvsCY 010 (AwsC)
0-90 {A+C vs B) 000003 {(A+Cvs B)
{A) Lumpectomy: originat 1223/1197 278 479 201{16:01024-2)
{B) >Lumpactomy 986/970 14-3 259 136 {7510 153)
{C} Lumpectony: low risk 1466/1445 63 19.9 13-6{97 10 17-5)
Total 3675/3612 156 31.0 154 {13-2 0 17-6)
Information about numbers of events and woman-years is in webappendix p 26. Resuits for 5-year risks are in webappendix p 31. ER=oestrogen receptor. *Unadjusted: each
factor alome. Adjusted: each factor adjusted for all other factors by reans of regression modelling, Categories including unknowns excluded from test for trend or
heterogeneity. 1A trial policy of tamoxifen use gives tamoxifen to both treatment groups if the disease is ER positive (o ER unknown, here counted with ER positive);
additional therapy could be chemotherapy {(usuafly cyclophosphamide, methotrexate, fluorouracii [CMF]) for both treatment groups, or additional RT (nodal RT or a boost or
hoth) for these allocated BCS+RT. $0efinitions of trial categories A, B, and C are in table 1.
Tnble 2: Effect of radiotherapy (RT) after breast-canserving surgery {8C5) on 10-year risk of any (locosegional or distant) first recurrence in women with
pathologically node-negative disease (n=7287), subdivided by patient and trial characteristics

26-0% to 5-1%, which is a five-fold reduction (RR 0.20,
95% CI 0-14-0-29). There was a moderate additional effect
over the next few years but little fiwther effect after year 5
{figure 2}. When these very different proportional effects
in different periods since treatment were combined, the
mean annual recurrence rate during the whole of the first
decade was halved in pN+ disease (RR 0-30, 95% ClI
0-41-0-61). Although the proportional reductions in the
mean anpual recurrence rate were shmilar in pNQ and
pN+ disease, the absolute Whyear recurrence reduclion
seemed o be somewhat larger in pN+ disease at 21-2%
{95% CI 14.5-27.9, 2p<0-00001, 42-5% vs 63.7%).
Radiotherapy also reduced breast cancer death in
piNa digease (RR0-79, 95% CF 0-65-0-95, 2p=0.01), with

wilelaret conn Wol 378 Nosnmiber 23, 2023

a 15-year absolute reduction of 8-5% {95% CI 1-8-15.2;
42 8% vs 51 3%).

In both pNO and pN+ disease, the first recurrence was
locoregional for a higher proportion of women allocated
to breast-conserving surgery only than of women allo-
cated to breast-conserving surgery plus radiotherapy
{webappendix p 10),

Analyses of the eflects of treatiment in various subgroups
of women with pNO disease are much more likely lo
identify differences reliably i they are based onrecurrence
than on mortality, because the significance level of the
effect of radiotherapy iz much more extreme for
recurrence than for mortality (2p<0-00001 for recurrence
%=209-0], 2p=0.005 for breast cancer death [y3=7-8]).
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Tomour size T1 {1-20 mm)
Lumpectomy, ER-positive no tameoexifen
FOH

0-year risk {%

Q-year risk (2]

1G-year risk {%)

Lumpectomy, ER-pasitive with tamoxifen

1G-year risk (%)

Intermediate grade
Age {years)

Low grade High grade

<40 40~ 50- 60~ 70+ <40 40- 50 60~ 70+ <40 40- SO- HO- 704

Tumeur size T2 (21-50 mm}

Lumpectomy, ER-pasitive no lamaoxifen

Lumpectonmy, ER-positive with tamoxifen

<40 40- 50- 60- 70+ <40 40- 50~ BO- 70+
Intermediate grade High grade

<40 40~ 50~ 60- 7O+
Lows grade

Age (years)

Figure 4: Absolute 10-yeur risks (%) of any (lacoregional or distant} first recurrence with and without radiotherapy (RT) following breast-conserving surgery
(BCS) in pathologically node-negative wormen by patient and trial characteristics, as estimated by regression modelling of data for 7287 women

Further details are in webappendix pp 27-30. Results for 5-year risks are in webappendix pp 31-34. Bars show 10-year risks in women alfocated 10 BCS only, datk
sections show 10-year risks in women allocated to 8CS plus RT, light sections show absolute reduction with RT. ER=oestragen receptor.

In & series of analyses which focus first on proportional
and then on absclute reductions in recurrence, women
were subdivided into different groups {o ascerlain
whether some groups benefil more than others from
radiotherapy. in the first analysis, the proportional effect
of radiotherapy on the rate of any first recurrence in
PNO disease during the fizst 10 years was estimated for
each of several factors considered separately (figure 3). In
most subgroups, radiotherapy roughly halved the annual
recurrence rate (except that among women who had heen

given lumpectomy the proportional recurrence reduction
was somewhal less extreme in ER-poor disease [2p=0.01,
section (d} of figure 3] and somewhal more extremme in
the low-risk fcategory C] trials [2p=0-009, section {f} of
figure 3)).

Halving a big risk produces a higger absolule benefit
than halving a small rigk, In women with pNO disease,
the annual recurrence rate without radiotherapy was
strongly correlated with age (inversely), tumour grade,
tmour size, LR status (espedcially when tamoxifen was
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used in ER-positive disease), and extent of surgery
{inversely). The absolute recurrence reduction produced
by radiotherapy also depended strongly on these factors
(table 2). In the second analysis, the way in which the
absolute reduction in 10-year recurrence risk produced
by radiotherapy depended on all the potential explanatory
factors listed in table 2 considered together was modelled.
The modelling was carried out by considering information
Loth for women allocated to radiotherapy and for those
allocated to ne radiotherapy (webappendix pp 20-25
shows methodological details).

The absolute recurrence recuction produced by
radiotherapy and the absolute recurrence risk remaining
even with radiotherapy varied significantly with age,
tumour grade, ER status, and tamoxifen use, even after
adjustment for all other factors {table 2). Tumour size
was independently predictive of absolute recurrence risk
although not of the absolute risk reduction.

When the original trials with lumpectomy (category A)
and the fater trials with lumpectomny in low-risk women
{category C) were compared, there wag a substantial
difference in the absolute recurrence risk without
radiotherapy and in the absolute reduction in this risk
produced by radiotherapy, but these differences were
largely accounted for by the other recorded factors
(table 2; webappendix pp 15-27, 19).

Surgery that is more extensive than lumpectomy (as in
the category B trials) reduced the absolute recurrence
risk without radiotherapy and reduced the absolute
reduction in this risk produced by radiotherapy. However,
because the category B trials did not give tamoxifen, this
effect of the extent of surgery on the absolute effect of
radiotherapy was apparent only after adjustment for
tamoxifen use (and the other recorded fzctors), but not
before (table 2; webappendix p 18).

The characteristics that were independently predictive
of the absolute risk of recurrence, or of the absclute risk
reduction with radiotherapy, were included in a model to
show how 10-year recurrence risks with and without
radiotherapy depended in these trials on age, grade,
ER status, tamoxifen {which was given much more offen
in the recent category C trials of low-risk patients than in
the original category A #rizls), and extent of surgery,
Figure 4 shows estimates based on this model. Within
each section of the figure, younger women and those
with high-grade tumours had substantially larger absotute
recurrence risks without radiotherapy and substantially
targer absolule risk reductions with radiotherapy than
did older woinen and those with low-grade tumours
{fipure 4). Among women given lumpeciomy buil not
radiotherapy, for a specific age and grade, the highest
risks and largest absolute reductions with radiotherapy
were for women with ER-positive disesse not given
tamoxifen; however, even with tarnoxifen the additional
effects of radiotherapy were substantial for women
with high-prade twmours and younger women with
inftermediate-grade tumowrs {figure 4).
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Each woman with pNO disease was assigned a predicted
absolute reduction in 10-year recurrence risk from radio-
therapy on the basis of her individual characteristics, the
characterisiics of the trial that she was in, and the model-
based estimates in figure 4. The absclute reduction in
10-year recurrence risk was large (220%) for 1924 women
(56% ol wormen in trial category A, 16% of irial category B,
and 996 of trial category C), intermediate (10-19%) for
3763 women (329, 74%, and 53% of trial categories A, B,
and C respectively), and lower (<10%) for 1600 women
(129, 10%, and 38% of trial categories A, B, and C
respectively). For these three groups (pNO-lower, pNO-
intermediate, and pNO-large), the observed 10-year
recurrence risks with and without radiotherapy, calcu-
lated directly from data for individual women, were
26.0% versus 50-3% (absolute reduction of 24.3%,
95% C119.6~29-0), 12 -4% versus 24-8% (absolute reduc-
tion of 12.4%, 9.7-15-1), and 12.0% versus 18.9%
{absolute reduction of 6-9%, 2-2-11-6}, respectively. The
corresponding absolute reductions in 15-year risk of
breast cancer death in the three groups were 7-8%
(95% Cl1 3-1-12.5), 1.1% (-2-0 to 4.2), and 0.1%
(=75 to 7.7, respectively {trend in absolute rmortality
reduction: 2p=0-03; figure 5, webappendix pp 35-37).
For all three groups, the first recurrence was locoregional
for a much larger proportion of women allocated te
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Figuse 5; Absolute reduciion in 15-year risk of freast cancer death with
radiotherapy {(RT) after breast-canserving surgery versus absolute reduction
i 10-year risk of any {loceregional or distant} recurrence

Wormen with pNC disease are subdivided by the predicled absolute reduction in
10-year 1isk of any recurrence suggosted by regression modelling (pNO-large
=20%, piG-intermediate 10-19%, pNO-lover <10%; further details are in
webappendix pp 35-39). Vertical iines are §45% Cls. Sizes of dark boxes are
praponional Lo amount of information. Dashed fine: one death from breast
cancer avoided for every four recutrences avoided. pNO=pathalogically
node-negative, pie=pathologically node-positive.
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breast-conserving surgery only than for those allocated 1o
breast-conserving surgery plus radiotherapy (webappendix
Pp 38-39). Because only 1050 wornen had pN+ disease in
these trials, the relevance of prognostic factors and other
characteristics could not be explored reliably in thig
group {webappendix pp 40-44),

On average, in all the women in Mese trials, about vne
breast cancer death was avoided by year 15 for every four
recurrences avoided by year 10 (figure 1). For pN+ disease
and for pNO discase with large predicted zbsolute
recurrence benefit the observed ratio was slightly larger,
whereas for pNO digease with intermediate or lower
predicted absclute benefit it was somewhat smaller
(figure 5). However, the departure from linearity was not
statistically significant {2p=0.11),

Discussion
The overall findings from thege trials show that
radiotherapy after breast-conserving surgery not only
substantially reduces the risk of recurrence but also
moderately reduces the risk of death from breast cancer.
These results suggest that killing micrescopic tumour
foci in the conserved breast with radiotherapy reduces
the potential for both local recurrence and distant
metastasis. Both proportional and absolute reductions in
the annual recurrence rate are largest in the first year but
the recurrence rate continues to be somewhat lower
throughout the first decade, whereas the reduction in
breast cancer death rate becomes definite only after the
first few years and appears to continue into the second
decade. Non-breasi-cancer mortality and the incidence of
contralateral and other second cancers in these and other
trials of radiotherapy in early breast cancer will be
reported elsewhere, but there appeared to be little adverse
effect on 15-year meortality from the aggregate of all
causes other than breast cancer, so 15-year all-cause
mortality was reduced by almost as much as would be
expected from the reduction in breast cancer mortality,
Previous analyses had shown thatin pNO disease young
age, large tumour size, and high grade were each strongly
predictive of the risk of locoregional recurrence and of
the absolute reduction in that risk with radiotherapy.®
This report combines the predictive value of these and
other factors, such as wider tamoxifen use in recent trials.
Taken together, they account for the fact that the absolute
recurrence reduction with radiotherapy is lower in the
more recent postlumpectomy trials (ie, category C trials)
than in the original posthumpectomy wials (is, category A
irials, table 2). However, even for womnen with pNO disease
in the recent low-risk trials the predicied absolute 10-year
recurrence reduction with radiotherapy exceeded 10% in
most women and exceeded 20% in some wormen,
Almost a quarter of women with pNO disease were in
trials in which sector resection or quadrantectorny, rather
than lumpectomy, was undertaken and tamoxifon was not
trial policy for pNO disease in any of these trials, Recurrence
vates were, however, lower than those for women with

gimilar characteristics in trials in which lumpectomy was
performed (figure 4). This difference accords with the
findings of the one randomised trial of quadrantectomy
versus lumpectomy, both with radiotherapy, in 700 womern,
two-thirds of who were node negative.” Most of the trials
of radiotherapy afler humpectomy required negative
surgical marging for invaslve cancer (although not {or
duclal carcinoma insitu), However, pathological techniques
have become more sensitive since the women entered
these trials, and some would probably have been positive
with modern techniques. Therefore, whether the lower
recurrence rates recorded in trials of radiotherapy in
women given sector resection or quadrantectormy are
simply the resuit of a reduction in the proportion of women
with positive margins, or whether there is further benefit
to be derived from more extensive surgery, is unknown,

The clagsification of pNQ disease into three groups
with large, intermediate, and lower predicted absolute
recurrence benefit from radiotherapy was derived from
the recurrence data in these trials. The clagsification
cannot be validated externally and so should not be over-
interpreted. Nevertheless, the size of the difference in
the absolute recurrence reduction between the three
groups is striking, Furthermore, the 15.year reduction
in risk of breast cancer death was about as big in
pNO disease with large predicted absolute recurrence
benefit as it was in pN+ disease, whereas in pNO disease
with intermediate or lower predicted recurrence benefit
the mortality reduction was smaller and neither differed
significantly from zero, Therefore the number of breast
cancer deaths avoided per recurrence avoided might be
more than one in four in pN+ disease and in pNO disease
with large predicted absolute recurrence benefit, and
less than one in four for women with intermediate or
lower predicted absolute benefit (figure 5). However, the
present data do not depart significantly from the one-in-
four relationship.,

The main analyses presented are of first recurrence of
any type rather than, as previously, locoregional
recurrence as a first event. This difference ig partly
because it is now clear that radiotherapy after breast-
conserving surgery reduces breast cancer death, so it
must also reduce distant recurrence. It is also because
women with higher risk of locoregional recurrence have
higher risk of distant recurrence (ie, the probabilities of
locoregional and of distant recurrence are not statistically
independent), so valid estimales of the separate effects of
radiotherapy on local and distant recurrence cannot be
obtained.”* These Issues are more important at 10 years
than at 5 years (as presenied previously), because more
distant recurrences occur by 10 years than by 5 years. The
fact that the proportion of first recurrences that were
locoregional was much lower in irradiated women than
in controls does, however, suggest that the main effect of
radiotherapy was to reduce locoregional recurrence,
whereas the reduction of the breast cancer death rate by a
sixth suggests that the distant recurrence rate was

fwe ERel i et corn Vol 378 Noveorbor 12, 2011



Articles

reduced by at least as much. No analyses have been
undertaken of recurrences after the first, because they
are affected by treatment policies for the first recurrence,
and many trials did not record further recurrences.

Screening, surgery, pathology, radiotherapy, and sys-
temic therapy®® have all changed substantally since
mast of the wornen entered these trials, so the absolute
recurrence reduction with radiotherapy in future patients
might differ greatly from that recorded in these trials,
Moreover, information about additional risk factors will
often be available (eg, HER2, gene expression profile,
margin status} and a radiotherapy boost may be given. ™"
Nevertheless, the finding that radiotherapy roughly
halved the recurrence rate after breast-conserving surgery
in 2 wide range of patienls wilh very different absolute
risks (figure 3} suggests that it might also roughly halve
the recurrence rate in future patients given breast-
conserving surgery but who are not comparable with the
wormnen included in the trials analysed here. 1f so, then in
these future patients, a reasonable way to predict the
absolute recurrence benefit of radiotherapy would be to
censtruct contemporary estimates of the absolute risk of
first recurrence of any iype and to assume that
radiotherapy will approximately halve it.

Contributors

3D, PMeG, and CC designed and undertook the analyses with DC, RP,
and CT as internal advisers and TW, ME, LP, and RA as external advisers.
All writing committee members contributed to the report. The EBCTCG
secretariat, including SD, PMcG, CC, CT, MC, DC, CD, ]G, RG, YW, and
RP, identified trials, and received, collated, and checked datasets.

Writing comimittee

S Darby, P McGale, C Corrvea, C Taylor, R Artiapada, M Clarke,

D Cutter, C Davies, M Ewertz, | Godwin, R Gray, L Pierce, T Whelan,
Y Wang, R Peto.

Attendees at EBCTCG Steering Committee meetings

K Albain, 8 Anderson, R Arriagada, W Barlow, | Bergh, | Bliss,

“M Buyse, D Cameron, E Carrasco, *M Clarke, € Corres, A Coates,
*IR Collins, } Costantino, 7D Cutter, | Cuzick, *1§ Darby, N Davidson,
*C Davies, 7K Davies, TA Delmestri, A Di Leo, M Dowsett,

TP Elphinstone, 7V Lvans, *M Ewertz, R Gelber, TL Getlins, C Geyer,

A Goldhirsch, 7) Godwin, TR Gray, +C Gregory, D Hayes, C Hill, | Ingle,
R Jakesz, 78 James, M Kaufimann, TA Kerr, 7E MacKinnou, 71’ McGale,
+T McHugh, L Norton, Y Chashi, § Paik, TH C Pan, £ Perez, *{R Peto,
*M Piccart {co-chair), L Pierce, *K Prilchard (co-chair), G Pruneii,

V Raina, P Ravdin, ] Robertson, E Rutgers, Y F Shae, § Swain, 1C Taylor,
P Valagussa, G Viale, T Whelan, *E Winer, TY Wang, *W Wood,
*Executive Group, 1 Secretarial,

EBCTCG collaborators ave listed in webappendix p 48 and in reference 29,

Conflicts of intesest

Any interests of trialists in treatmients or diagnostics and conpany
suppott of trials (see Wrial publications} have nol affecled data availability
ar FBCTCG meta-analyses of these datasets. EBCTCG is funded from
the peneral long-term financial support from the Cancer Research UK,
the Rritish Heart Foundation, and the UK Medica! Regearch Council to
the CTSU, University of Oxford (http:/ fwww.ctsuoxacukfabowtf).
CTSU also performs trials funded by industry prants to the University of
Oxford that are initiated, conducted, and interpreted independently of
sty funders. CTSU stalt policy exeludes honoraria or consultancy fees.
All secreturiat and writing cominuittes members declare that they have no
conflicts of interest.

Acknowledgmants
The main acknowledgments are to the thousands of women who tock
park i the trials, Lo the stV who treated and cared for then and whio

wwewwethielametoom Yol 378 Novevber 32, 3013

undertook the trials and shaved their data with the Secretariat, and to the
CTSU which hosts this collaboration., DC was supported by the British
Heart Foundation Cenlre for Research Excellence (REFO8/04).

References

1 Cuzick §, Stewart M, Peto R, et al. Overview of randomized
trials of postoperalive adjuvant radiotherapy in breast cancer.
Canear Trept Rep 1987; 713 15-29,

2 Cuzick }, Stewart H, Rutquist L, et al. Cat peciﬁc n‘.m‘tz:!i!y in
long-term survivors of breast cancer who participated in trials of
rvadiotherapy. J Clin Oncol 1994; 12; 447-53,

3 Farly Breast Cancer Trialists' Collaborative Group (EBCTCG).
Effects of radiotherapy and surgery in early breast cancer:
an overview of the vandomized trials. N Engl | Med 1995;

333: 144455

4 Early Breast Cancer Trialists’ Collaborative Group (EBCTCG).
Favourable and unfavourable effects on long-lerm survival of
radiotherapy for early breast cancer: an overview of the randomised
trials. Laneet 2000; 355: 1757-70.

5 Early Breast Cancer Trialists’ Collaborative Group {EBCTCG).
Effects of radiotherapy and of differences in Lhe extenl of surgery
for early breast cancer on local recurrence and 15-year survival:
an overview of the randomised trials, Lancet 2005; 366: 2087106,

6 Tisher B, Anderson 8§, Fisher BR, et al. Significance of ipsilateral
breast fumour recurrence afier lumpectomy. Lancet 1991; 338: 327-31,

7 Ford HT, Coombes RC, Gazet JC, et al. Longterm follow-up of
a randomised trial designed to determine the need for irradiation
foliowing conservative surgery for the treatment of invasive breast
cancer. Ann Oncol 2006; 17: 401-08.

8  Whelan T, Clark R, Roberts R, Levine M, Foster G, Investigators
of the Ontario Clinical Oncology Group. Ipsilateral breast tumor
recurrence pestlumpectomy is predictive of subsequent mortality:
Results from a randomized trial, Int | Radiat Oncol Biol Phys 1994;
30: 11-16,

9 Forrest AP, Stewart H]J, Everington D, et al, Scottish Cancer Trials
Breast Group. Randomised controlled trial of conservation therapy
for breast cancer: G-year analysis of the Scottish trial. Lancet 1996;
348: 70813,

10 Spooner I, Stocken DD, Jordan 5, et al. A randomised controlled
trial to evaluate both the role and optimal fractionation of
radictherapy in the conservative management of early breast cancer.
Canger Res 2009; 69 {(supplh A5125.

11 Houghton ], Potyka 1, Tobias |, Baum M, Qdling-Smee W.
Prophylactie radiotherapy following surgery for early breast
cancer—is the benefit mainly to patients with involved margins?
Results from a Cancer Research Campaign trial.

Proc Ann Meet Ans Soc Clin Oneel 2001; 20: 31a, A122.

12 Liljegren G, Heolmberg L, Adami HO, Westman G, Grafiman S,
Bergh |, for the Uppsaia-Grebro Breast Cancer Study Group.
Sector resection with or without postoperative radiotherapy for
stage 1 breast cancer: five year results of a randemized trial,
| Nat! Cancer inst 1994; 86: 717-22.

13 Veronesi U, Luini A, del Vecchio M, et al. Radiotherapy afier
breast-preserving surgery in women with localized cancer of
the breast, N Engl | Med 1993; 328: 1587-91.

14 Holli K, Hietanen P, Saaristo R, et al. Radictherapy afler segmental
resection of breast cancer with favorable prognostic features: 12-year
follow-up results of a randomized trial. J Clin Oncol 2009; 27: 927-32,

15 Mabmsteom P, Helmberg L, Anderson 1, et al. Breast conservation
surgery, with and without radiotherapy, in women with lymph
node-negative breast cancer: a randomised clinical trial in o
population with aecess to public mammography screening,

Enr J Canger 20003; 39; 1680-97

16 Fisher B, Bryant }, Dignam ], et al. Tamoxifen, radiation therapy,
ar both foy prevention of ipsilateral breast tumer recurrence after
lumpectomy in women with invasive breast cancers of one
centimeter o less, | Clin Oneeol 2002; 20: 14149,

17 Winger K}, Sauerbred W, Braun M, et al. Radiation therapy and
tamoxifen afler breast-congerving surgery; updated resuits of a
2x2 randonised clinical trial in patients with low risk of recurrence,
Eur } Cancer 2010; 46; 95101

18 Yyles AW, McCready DR, Manchul LA, et al. Tamoxifen with or
without breast irvadiztion i women 50 years of age or older with
carly breast cancer. N Engl | Med 2004; 351: 963-70.




Articles

1736

19

20

21

22

23

24

25

Blamey RW, Chetty U, Bates T, et al, Radiotherapy and/or tamoxifen
after conserving surgery for breast cancers of excellent prognosis:
BASO 11 TREAL. Eur J Cancer Suppl 2007, 5: Q-11

Hughes K5, Schuaper LA, Berry D, et al, Lumpeclomy plus
tamoxifen with or without irrzdiation in women 70 years of ape or
clder with early breast cancer. N Engl | Med 2004; 351: 971-77,

Potter R, Grunt M, Kwasny W, et al, Lumpectomy phus tamoxifen or
anasirozole with or without whole breast frradiation in women with
favorable early breast cancer, fnt ] Rading Oncol Hiol Phys 2007

68: 334-40,

Prescott R], Kunkler 1H, Wilkams L], et al, A randomised controlled
trial of postoperative radiotherapy {ollowing breast-conserving
surgery in a minimum-risk older population. The PRIME trial.
Health Technol Assess 2007; 11: §-x, 3-170,

Inoue M, Tanzka I, Masuda R, Turuhata Y, Local contrel and
cogmetic outcome after sector resection with or without radiation
therapy for early breast cancer. Breast Cancer 1996; 3: 39-46.
Mationat Cancer Instintte. Phase 1 randomized study of breast
irradiation in women aged 50 years and over after breast-conserving
surgery for early stage, low-risk breast cancer, August, 1997

hitp:/ fwww.eancer gov/search/ViewClinical Trials.aspx?edrid=
$4259&version=HealthProfessional&protocolsearchid=8745051
{accessed April 13, 2011).

Veronesi U, Volterrani T, Luini A, et al. Quadrantectomy versus
lumpectomy for small size breast cancer. Eur J Concer 1990;

26: 671-73.

26

27

28

30

31

Gelman R, Gelber R, Henderson IC, Coleman CN, Harris jR.
Improved methedology for analyzing loca) and distant recurrence.
JClin Oneol 1990; 8: 548-55.

Teiatis A, A nonidentifiability aspect of the problen: of compeling
visks. Proc Nat Acad Sci 1975; 72 2022,

Barly Breast Cancer Trinlists’ Collaborative Group (EBCTCG).
Effects of chemotherapy and hormanal thevapy for early breast
cancer on recurrence and ¥5-year survival: an overview of the
vandomised trials. Lancer 2005, 365 1687717

Early Breast Cavicer Trialists’ Collaborative Group (ERCTCG).
Comparigons between diferent polychemotherapy regimens for
early breast cancen metaanalyses of long-term outvome in
10000 randomised wornen. Lancet (in press).

Bartelink H, Horiot JC, Poortmans PM, et al. Impact of a higher
radiation dese on local contrel and survival in breast-conserving
therapy of early breast cancer: 10-year vesults of the randomized
boost versus no boost EORTC 2288110882 trial. j Clin Oncol 2007
25: 325965,

Remestaing P, Lehingue Y, Carrie C, et al. Role of 2 10-Gy boost
in the conservative treatment of early breast cancer: results of a
randomized elinical trial in Lyon, France. J Clin Oncol 1997;

15: 953-68.

Sselaiwelcom Yol 378 Noveinbas 12, 2051



