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Methods S1. Details of statistical and dosimetry methods
(a) Statistical methods

Coding of cause of death and second cancer incidence

For each woman who had died, trialists supplied us with the International Classification of Diseases (ICD) for
underlying cause of death or a text description of the underlying cause of death. These were reviewed by an
oncology consultant and coded into categories of disease types (see Table S2). Likewise trialists supplied ICD or text
descriptions of any incident malignancies occurring after randomisation.

Cancer deaths from unknown primaries were included with breast cancer deaths. When no recurrence was reported
before breast cancer death, distant recurrence was assumed to have just preceded it. Deaths from an unknown
cause without recorded recurrence were taken as non-breast-cancer deaths, as most occurred many years after trial
entry, when non-breast-cancer mortality predominated.

If a trial did not supply cause-specific mortality then it was dropped from analyses of cause-specific mortality. If a
trial did not follow-up for malignant events it was dropped from incident cancer analyses. Thus the total woman-
years vary from analysis to analysis.

Women assigned to radiotherapy have slightly longer recurrence-free survival and therefore are at risk of death
without recurrence (or second cancer) for slightly longer. To prevent delayed recurrences causing bias, the log-rank
analysis (see below) covered only the period before recurrence i.e., data were censored at the first recurrence.

Methodology for logrank analyses

Let O denote the observed number of events in the radiotherapy allocated group, and let E denote the number that
would have been expected at the period specific events rates in the radiotherapy and no radiotherapy groups
combined, and let V denote the variance of the logrank statistic (O-E). A positive value for (O-E) then suggests
hazard, with the number of deaths caused by radiotherapy being approximately 2*(O-E). The ratio (O-E)/V is the
“one-step” estimate of the natural log of the event rate ratios (RR, radiotherapy versus no radiotherapy). Hence, the
one-step estimate of RR is exp((O-E)/V) with 95% confidence limits RR/k, RR*k, where k=exp(1.96/\V).

Statistical analyses were stratified. Logrank statistics were calculated for each combination of trial, individual follow-
up year, age at entry (<40, 40-49, 50-59, 60-69, 70+) and pathological nodal status (0, 1-3, or 4+ positive nodes,
clinical negative, or clinical positive/unknown) and then summed. In multiarm trials, for balance, control groups
were counted twice.

For the main endpoints, forest plots show proportional risk reductions. Detailed subgroup analyses explore
whether the reductions depend on patient or tumour characteristics. Acturial curves illustrate absolute risks in
various subgroups.

Statistically reliable subgroup analyses require the overall x2 1 for the RR (radiotherapy vs control) in all subgroups to
be large (eg, at least 25, but preferably 50, or even 100). The overall x2 1 gets partitioned between the subgroups in
approximate proportion to numbers of events. So if the ¥ 1 in a subgroup was only about 10, chance could well
make it non-significant or null.

Logrank analyses were performed using Stata Statistical Software, release 13.1 (StataCorp) and R release 2.13.2.



Tests for trend and heterogeneity
Where the effect of radiotherapy was evaluated in subgroups (e.g. in three age groups), then the following
procedures were used to test for a trend where there was a natural ordering (e.g. from younger to older), or for
heterogeneity where no natural ordering exists.
Test for trend
The subgroups were numbered in their natural order (e.g. 1 = age <50, 2 = age 50-59, 3 = age 60+). O-E and its
variance, V, were calculated separately for the treatment effect in each subgroup (e.g. O;-E; and V; for subgroup 1).
Let k denote the number of subgroups with non-zero variance. Next, the following values were calculated:

A=Vi+V,+V;

B=1.V,+2.V,+3.V;

C=1.1.Vi+2.2.V,+3.3.V;

D = (01-E1)+(0,-E;)+(05-E3)

E =1.(01-E;)+2.(02-E;)+3.(0s-E3)

F = (01-E1)*/V1+(05-E5)*/Vo+(05-E5)*/ Vs
A test for a trend between the rate ratios produced by treatment in these different subgroups may be based on
calculation of the quantity (E-DB/A). If there is no real heterogeneity between the rate ratios, then it can be shown
that this quantity will differ only randomly from zero, and that its standard error (SE) will be approximately V(C-
BB/A). Values more extreme than +1.96 SE would therefore correspond approximately to P<0.05. Provided the effect
is not large, the statistical properties of O-E and V imply that this trend test is asymptotically efficient at detecting a
steady multiplicative trend in the rate ratios.

Test for heterogeneity

A test for heterogeneity was obtained by calculating the quantity (F-DD/A). If there is no real heterogeneity between
the rate ratios in the k different subgroups being considered, then this quantity will be distributed approximately as
a standard chi-squared distribution with k-1 degrees of freedom.

Test for "interaction" between the effects of radiotherapy in just two different subgroups
In this case, the tests for trend and for heterogeneity (with k=2) yield identical significance levels.

Radiotherapy modality and technique

For proportional risks of various radiotherapy modalities, women were grouped according to whether their
radiotherapy involved cobalt-60, megavoltage X-rays, electrons or orthovoltage X-rays. For the few trials where
women were treated with more than one modality, that with the highest radiation scatter dose was assigned if it
was not possible to tell which modality was given to a particular woman. This may have the effect of biasing towards
the null.

Methodology for estimating the cardiac dose-response relationship

Each woman in each trial was assigned a dose based on the radiotherapy technique used in the trial and on the
laterality of her breast cancer. If laterality information was not available for a particular woman then she was
assigned the average of the doses for irradiation of right-sided and left-sided breast cancer in the trial she was
randomised into.

Stratification was as for logrank analyses. It was assumed there was zero risk at zero dose. The rate of heart disease
mortality was modelled as b(1+f; *d), where b, was the stratum-specific rate of heart disease mortality in the
absence of radiotherapy, d was the dose (or EQD2) of cardiac radiation (in Gy), and [5; was the percentage increase
in the rate of heart disease mortality per gray. The form 1+f; *d was chosen for the dose—response relationship



because a wide variety of functions are approximately linear for small values of d. The adequacy of 1+f; *d for
summarizing the dose—response relationship was examined by carrying out analyses based on categories of radiation
dose.

Further models including terms for dose squared (+f,*d*d) and a decline in risk at high doses (*exp(-£,*d)) were
used to investigate any departure from linearity. Sensitivity analyses excluded the effect of the few trials with
inadequate information on dosage, and excluded patients with breast cancer that was bilateral or of unknown
laterality. Mean doses to the three separate coronary arteries were assessed to check for any improvement of risk
estimation (Figures S15-S16). No significant departure from linearity was found and the addition of coronary artery
doses to the risk model did not improve estimation.

Significance tests were two-sided, and both significance tests and confidence intervals were based
on the likelihood ratio. Calculations were performed with the use of EpiWin, release 1.8 (Hirosoft International).

Methodology for calculating estimated risks of death from lung cancer and ischaemic heart disease

Results in figure 3 show the effects of radiotherapy on estimated risks of death from lung cancer and ischaemic heart
disease for a woman irradiated at age 50 years. These were estimated by applying the proportional excess per Gy
for lung cancer (figure 1 and main text), to representative population-based lung cancer death rates in smokers and
non-smokers. The derived dose-response relationship for heart disease death (figure 3) was similarly applied to
representative populations.

Lung cancer

Background rates of death from lung cancer for non-smokers and smokers were assumed to be equal to those of
non-smokers in the American Cancer Society Cancer Prevention Study Il [Thun 2013] and smokers in the UK Million
Women Study [Pirie 2013] respectively. Estimated risks were calculated for a typical woman who was 50 years old
at the time of her breast-cancer diagnosis who received either no radiotherapy or radiotherapy with a mean lung
dose of 5 Gy. The excess rate ratio for lung cancer from radiotherapy, 0.11 per Gy, was assumed to start at age 60.

Ischaemic heart disease

Background rates of death from ischaemic heart disease (IHD) were assumed to be equal to those (mostly 2010) in
Western Europe (represented by the original 15 countries of the European Union, EU-15). For non-smokers IHD
rates were taken to be 2/3rds that of the EU-15 population and for smokers 3 times. Risk of IHD death in women
with IHD prior to radiotherapy was assumed to be similar to that of a smoker. Estimated risks were calculated for a
typical woman who was 50 years old at the time of her breast-cancer diagnosis who received either no radiotherapy
or radiotherapy with a mean heart dose of 4 Gy. The excess rate ratio for heart disease from radiotherapy, 0.041 per
Gy, was assumed to start at age 50.

References
Thun MJ, Carter BD, Feskanich D, et al. 50-year trends in smoking-related mortality in the United States. N Engl J Med 2013; 368: 351-64.

Pirie K, Peto R, Reeves GK, Green J, Beral V. The 21st century hazards of smoking and benefits of stopping: a prospective study of one million
women in the UK. Lancet 2013; 381: 133-41.



(b) Radiation dosimetry methods (methods and the main regimens are summarised in Taylor 2007)
Information on regimens

Radiotherapy details of regimens used in each of the 75 trials were sought from a variety of sources including trial
publications, protocols and correspondence with trialists. Further general details of breast cancer radiotherapy
planning and delivery worldwide during past decades were obtained to enable authentic replication [Taylor 2007].
The items available on the radiotherapy given in each trial were documented. The following four items were judged
to be needed for accurate reconstruction of each regimen: (1) Targets or regions irradiated (2) Radiation dose
delivered to each region (3) Radiotherapy technique used and (4) Beam energies applied. Further items e.g. patient
treatment position were judged to be useful, but not essential for reconstruction. Trials were categorised according
to the information available.

For 48/75 trials, information was available on all of items 1-4. The other 27/75 trials did not specify one or more of
these four items. Organ doses estimated for these trials will have inherently higher uncertainties. Analyses just of
the 48 trials with adequate information on regimens yielded similar estimates of the excess RR per Gy heart dose to
analyses that included all 75 trials.

Contouring of cardiac structures, lungs and oesophagus

The heart and coronary arteries were contoured by a radiation oncologist and reviewed by a radiologist. The cranial
limit of the heart included the right atrium and excluded the pulmonary trunk, ascending aorta and superior vena
cava. The lowest contour of the heart was the caudal myocardial border. The scans were not contrast-enhanced.
Therefore, on some images, the coronary arteries were not visible and their location was inferred using visible,
reliable landmarks: the anterior interventricular, left atrioventricular and right atrioventricular grooves. Due to the
short length of the left main coronary artery, its contour was included with that of the left anterior descending (LAD)
coronary artery.

The ipsilateral and contralateral lungs were contoured using an automatic contouring tool, and modified manually
where appropriate. The oesophagus was visible, and contoured manually on each CT slice.

Regimen reconstruction

A technique based upon virtual simulation and computed tomography (CT) 3-dimensional treatment planning was
used to reconstruct radiotherapy regimens. Dose distributions were calculated using treatment planning systems
Helax TMS version 6.1B, Nucletron Ltd, Veenendaal, the Netherlands and Varian Eclipse™ version 10.0.39. Field
borders, beam arrangements and machine parameters for each radiotherapy regimen were defined using virtual
simulation with emphasis on the surface reconstruction function.

The treatment parameters and patient and organ at risk outlines were exported to the computerised treatment
planning system and dose distributions were calculated. Dose calculation algorithms were: the collapsed cone
superposition convolution algorithm and the analytical anisotropic algorithm for photon plans, Monte Carlo for
electron plans and pencil beam for cobalt plans.

For each regimen, dose-volume histograms (DVHs) were generated for the heart and for the LAD and right and
circumflex coronary arteries and for the ipsilateral lung, contralateral lung and oesophagus. From these, estimates of
mean and maximum dose and percentage volume irradiated to different doses were obtained.

Dose distributions for several 250 kV regimens and iridium wire implants were also derived. This involved generating
scaled hard-copies of appropriate CT slices on which isodose distributions for kilovoltage or iridium wire implants
were superimposed. Manual planning techniques incorporating lung correction were employed to generate dose
distributions. The physical density of lung was taken to be 0.25 g/cm™. The proportion of each structure included



within each isodose line was calculated manually and used to plot DVHs. These were typically based on three CT
slices per radiotherapy plan.

Heart and coronary artery doses were calculated for women in 45 trials with heart disease deaths. Lung doses were
calculated for women in 29 with lung cancers in the second decade after radiotherapy. Oesophagus doses were
calculated for women in 19 trials with oesophageal cancers.

Validation of the ‘representative patient’

Each regimen was reconstructed on a ‘representative patient’. To ensure that the doses based on this patient were
representative of those received by patients with a range of different anatomies, four commonly used regimens: left
and right tangential pair irradiation and left and right direct IMC irradiation were reconstructed on the
‘representative patient’ and on four other patients taken at random from the CT planning database, for comparison.
These four regimens were chosen since they represented the most commonly used types of breast cancer irradiation
in the Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) trials.

Heart dose for the ‘representative patient’ was near the middle of the dose range of the 5 random patients for left-
and right-sided tangential pair and direct IMC irradiation, thus validating the use of her CT scans for the
reconstruction of radiotherapy regimens used in the trials. A further study of inter-patient variability in heart dose
using four similar regimens reconstructed on 20 patients is reported in Taylor 2007.

Trials in which women received different regimens

In a few trials, the radiotherapy regimens received by an individual woman depended on nodal status or the position
of the tumour in the breast. In some other trials, regimens varied according to the availability of certain beam
modalities and energies in different radiotherapy centres. For some of these trials, the proportions of women who
received each regimen were recorded, or could be estimated. For example in the Danish Breast Cancer Cooperative
Group (DBCG) 82 b and c trials, 8% of irradiated women were recorded as receiving orthovoltage irradiation, and the
rest received megavoltage irradiation [Nielsen 2005]. These proportions were used to calculate average organ doses
for women who received left- and right-sided radiotherapy in each trial. In other trials these proportions were not
recorded and equal proportions of women were assumed to have received each radiotherapy regimen. For example,
in the South Sweden breast cancer trial [Tennvall-Nittby 1993] the direct internal mammary field was delivered using
either electron, cobalt-60 or 6 MV irradiation. The proportions of women receiving each beam type were not
available. It was therefore assumed that a third of irradiated women received electron internal mammary
irradiation, a third received cobalt-60, and the remaining third received 6 MV irradiation.

Calculation of equivalent dose in 2 Gy fractions (EQD2) in the EBCTCG trials

EQD2 doses were calculated using the linear-quadratic model from dose volume histograms (DVH) using an alpha-
beta ratio of 2 Gy [Schultz-Hector 2007].

EQD2 = nd (d + a/[3)
(2 +a/B)

n = number of fractions
d = dose per fraction
«/P = alpha-beta ratio

For orthovoltage radiotherapy, a correction factor of 1.1 was used to account for the enhanced biological
effectiveness of low energy irradiation [Fuller 1992].
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Table S1. Estimated average mean doses to organs at risk for women in Early Breast Cancer Trialists’ Collaborative
Group (EBCTCG) trials.

1a) Average doses to heart, coronary arteries, lung, and oesophagus

Number  Average

Organ at risk* Nu:r\il;(: of of dose (IgR)

women (Gy) v
Heart 45 29,664 6.3 2.2-8.5
LAD coronary artery 45 29,664 13.5 1.4-21.9
Right coronary artery 45 29,664 7.7 2.2-11.8
Circumflex coronary artery 45 29,664 4.1 1.0-4.1
Both lungs combined 29 5248 9.6 3.4-11.1
Ipsilateral lung 29 5248 17.6 6.6-20.7
Contralateral lung 29 5248 1.6 0.3-2.0
Oesophagus 19 8279 8.4 1.2-10.7
Oesophagus (IMC trials) 16 7272 9.5 3.5-10.5
Oesophagus (non-IMC trials) 3 1007 0.8 0.5-1.0

*Heart and coronary artery doses were calculated for women in 45 trials with heart disease deaths. Lung doses were calculated
for women in 29 trials with lung cancers in the second decade after radiotherapy. Oesophagus doses were calculated for women
in 19 trials with oesophageal cancers.

1b) Average doses to the heart by decade trial started and breast cancer laterality in 45 EBCTCG trials with heart
disease deaths

Average mean heart dose (Gy)

Decade trial
started Right-sided Left-sided Unknown laterality
1950s 9.6
1960s 7.7 13.7 5.7
1970s 4.9 11.7 9.4
1980s 1.8 5.3 3.7
1990s 1.5 4.9 3.1

1c) Average doses to lung by decade trial started in 29 EBCTCG trials with lung cancer events in the second decade
after radiotherapy

Average mean lung dose (Gy)

Decade trial
started Both lungs Ipsilateral lung Contralateral lung
1950s 12.0 23.0 1.0
1960s 9.5 17.3 1.6
1970s 9.3 16.8 1.7
1980s 10.2 18.8 1.6
1990s 3.2 6.0 0.2

page 1 of 2
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Table S1 contd. Estimated average mean doses to organs at risk for women in Early Breast Cancer Trialists’
Collaborative Group (EBCTCG) trials.

1d) Average doses to oesophagus by decade trial started in 19 EBCTCG trials with oesophagus cancer events

Decade trial Average mean oesophageal dose (Gy)
started Mean dose IQR
1960s 9.7 1.8-13.4
1970s 5.6 3.9-7.2
1980s 12.3 0.8-21.1
1990s 0.4 0.4-0.4

1e) Correlations between estimated average doses to cardiac organs at risk in the trials in the present study.

i) Correlation between average doses

Heart LAD Right CA Circumflex
Heart 1.00
LAD 0.76 1.00
Right CA 0.49 -0.02 1.00
Circumflex 0.89 0.80 0.23 1.00

ii) Correlation between average mean doses and average mean EQD2 doses

Mean dose
Heart LAD Right CA Circumflex
Heart 0.99
Mean LAD 0.98
EQD2  pisht cA 0.99
Circumflex 0.96

Abbreviations: LAD=Left anterior descending, CA=coronary artery, EQD2=Equivalent dose in 2 gray fractions (calculated using an
o/B of 2 Gy [Schultz-Hector 2007])

Reference

Schultz-Hector S, Trott KR. Radiation-induced cardiovascular diseases: is the epidemiologic evidence compatible with the radiobiologic data?
Int J Radiat Oncol Biol Phys 2007; 67: 10-18.
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Table S2. Groupings of disease categories by International Statistical Classification of Diseases and Related Health

Problems 10th Revision (ICD-10)

Disease category

ICD-10

Infectious/parasitic (excluding viral hepatitis)
Hepatic disease

Oesophageal cancer

Gastric cancer

Colorectal cancer

Primary liver cancer

Liver cancer, unspecified*

Bile duct / gallbladder cancer
Pancreatic cancer

Lung cancer

Bone cancer

Melanoma

Pleura

Soft tissue cancer

Breast cancer or its metastases
Cervical cancer

Endometrial cancer

Uterine cancer, part unspecified
Ovarian cancer

Renal cancer

Bladder cancer

Brain / CNS cancer

Thyroid cancer

Secondary (ie metastatic disease), primary unspecified*
Unknown second primary, non-breast
Lymphoma

Leukaemia

Other second primary of specified site (apart from breast
cancer and non-melanoma skin cancer)

Valve disease (including cases with mention of ischaemic
heart disease or heart failure)

Ischaemic heart disease

Heart failure (without mention of ischaemic heart disease or
myocardial infarction)

Arrhythmia

Deep vein thrombosis and pulmonary embolism
Cerebrovascular

Other circulatory (including 'Acute cardiac' and 'Chronic
cardiac')

Non-pneumonia respiratory
Pneumonia

Chronic obstructive pulmonary disease
External cause

Other specified disease

A00-A99, BO0-B99. Excluding: B15-B19
B15-B19, K70-K77

C15

Ci16

C18-C21

C22. Excluding: C22.9

C22.9,D37.6

C23,C24

C25

C33-C34

C40, Cc41

Cc43

C45.0

C48, C49

C50

C53

C54

C55

C56-C57

Cc64

ce67

C70-C72

C73

C76-C80. Excluding: C80.9

C80.9

C85, C90

C88, C91, C92

C00-C75, C81-C84, C86-C89, C93-C97. Excluding:
C15-C16, C18-C25, C33-C34, C40-C41, C43, C45.0,
C48, C49, C50, C54, C55, C56-C57, C53, C64, C67,
C70-C73

105-109, 133-139

120-125
150

144-149

126, 180, 182, 088.2

160-169

100-199, ROO-R02, R57, R96. Excluding: 105-109, 120-
126, 133-139, 144-149, 150, 160-169, 180, 182

J00-J99, R04-R09. Excluding: J12-J18 , 141-]44
J12-)18

J41-144

S00-Y98

All other ICD codes

* These are grouped with breast cancer or its metastases.


http://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwiv2svrk9rPAhWHk-0KHdC9DIQYABAM&ohost=www.google.co.uk&cid=CAASJORojguLhdHwT-j5OW6FOuPjVtumiC-afsRUH1zDcXq6nEuiZA&sig=AOD64_13yZ-XhpBLOrrbviNkwj4NONPQDQ&ctype=42&q=&ved=0ahUKEwiEosjrk9rPAhVqIcAKHXc9AhEQgDwIPg&adurl=
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Table S3. Trials included, regions irradiated, median age at entry, distribution of woman-years since entry and, in

each trial arm (RT or No RT), numbers of deaths without breast cancer recurrence and woman-years. Ar=axilla and/or
supraclavicular fossa, B=breast, BCS=breast conserving surgery, CW=chest wall, IMC=internal mammary chain, RT=radiotherapy, S= boost to
scar. Parentheses indicate only some women received radiotherapy to this region. * For balance, control patients in 3-way trials or trial strata count
twice in totals of deaths/women. T Same polychemotherapy and/or tamoxifen in each trial arm.

Woman-years Deaths without recurrence

Trial reference, type, year started, Regions Median since entry /woman-years

and name irradiated age <10 10-19 20+ RT No RT

Breast conservation, generally with axillary dissection: RT vs not
1 1976 NSABP B-06 B 51 8025 4649 1064 115/7965 67/5773
2 1981 Uppsala-Orebro B 62 2865 1332 19 48/2220 51/1996
3 1982 St George's London TB+AF 51 2786 1099 79 15/2194 8/1770
4 1984  Ontario COG B+S 56 5633 667 0 33/3544 27/2756
5 1985 Scottish BS+(AF)+IMC 57 4531 1979 0 54/3511 30/2999
6 1985 West Midlands UK B+S+AF+IMC 59 4957 2164 25 81/3976 56/3170
7 1986 CRC, UK Various 58 3616 570 0 37/2213 42/1973
8 1987 INT Milan 3 TB+S 52 4429 2146 0 29/3631 28/2944
9 1989 NSABP B-21 TB+S 59 5394 739 0 39/3163 28/2970
10 1990 Tampere Finland B 56 2181 484 0 7/1505 14/1160
11 1991 GBSGV Germany B+S 60 1766 0 0 6/976 6/790

12,13 1991 SweBCG 91-RT B 60 9840 2064 0 94/6214 80/5690
14,15 1992 PMH Toronto TB+S 68 5085 114 0 25/2702 21/2497

16 1992 BASOII tVarious 57 2999 53 0 4/1567 8/1485
17 1994 CALGB 9343 B 76 4006 9 0 78/2042 68/1973
18 1996  Austrian BCSG Vllla TB+(S) 65 4598 14 0 19/2356 22/2256
19 1999 PRIMEI B 71 1024 0 0 10/505 10/519
20 2000 RT55-75 Maugeri Italy TB+S 65 3045 0 0 7/1531 3/1514

Page 1 of 7
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Table S3 contd. Trials included, regions irradiated, median age at entry, distribution of woman-years since entry
and, in each trial arm (RT or No RT), numbers of deaths without breast cancer recurrence and woman-years.

AF=axilla and/or supraclavicular fossa, B=breast, BCS=breast conserving surgery, CW=chest wall,

IMC=internal mammary chain,

RT=radiotherapy, S=boost to scar. Parentheses indicate only some women received radiotherapy to this region. * For balance, control patients in
3-way trials or trial strata count twice in totals of deaths/women. T Same polychemotherapy and/or tamoxifen in each trial arm.

Woman-years

Deaths without recurrence

Trial reference, type, year started, Regions Median since entry /woman-years
and name irradiated age <10 10-19 20+ RT No RT
Mastectomy with axillary dissection: RT vs not
21 1961 NSABP B-03* AF+IMC 58 5318 1821 193 118/3669 136/3663
22 1962 Berlin-Buch ABC CW+AF+IMC 59 1365 380 2 38/831 26/916
23 1964 Oslo X-ray CW+AF 52 4226 2756 2459 124/4850 110/4591
23 1964 Oslo Co-60 AF+IMC 54 4398 2920 1811 140/4292 108/4837
24 1969 Heidelberg XRT AF+IMC 60 797 314 0 33/624 17/487
25,26 1971  Stockholm A* CW+AF+(IMC) 55 8565 5334 3393 195/9633 156/7659
- 1971 SASIB (CW)+AF+IMC 52 1519 124 75 10/914 3/804
27,28 1973 Mayo 70-56-32 T(CW)+AF+IMC 55 1339 679 310 20/1195 15/1133
29 1973 INT Milan 1 AF+IMC 50 131 88 92 2/183 1/128
30 1974 DFCI Boston TCW+AF 51 1083 158 0 11/610 2/631
31 1974 Piedmont OA T(CW)+AF+IMC 53 1726 231 0 11/966 8/991
32 1976 SECSG 1 TCW+AF+IMC 52 1026 78 0 6/570 4/534
33 1976 Glasgow TCW+AF+IMC 54 1166 377 2 14/838 14/707
34 1977 MD Ander. 7730B tCW+S+AF+IMC 50 569 231 0 1/299 0/501
35 1978 S Sweden ll:1 TCW+AF+IMC 58 5103 2082 386 87/3723 74/3848
- 1978 Toronto-Edmont. TAF+IMC 43 310 122 1 1/243 0/190
36 1978 BCCA Vancouver TCW+AF+IMC 44 2030 1135 162 10/1933 4/1394
37 1978 Disseldorf U. TCW+AF+IMC 47 291 0 0 3/95 10/196
38 1979 Coimbra TCW+AF+IMC 53 628 143 0 10/422 6/349
39 1979 Metaxas Athens TCW+AF+IMC 54 398 101 3 1/250 0/252
40 1980 Helsinki TCW+AF+IMC 52 609 103 0 2/315 5/397
41 1980 NSABC Israel TCW+AF+IMC 52 799 174 0 2/477 0/496
42,43 1982 DBCG 82b premenop. TCW+AF+IMC 46 10451 5081 158 52/8758 32/6932
43,44 1982 DBCG 82c postmenop.  TCW+AF+IMC 62 7819 2812 80 98/5863 96/4848
45 1982 ECOG EST3181 TCW+AF+IMC 52 1724 714 4 16/1225 21/1217
46 1984 GBSG 03 Germany TCW+AF+IMC 55 1190 109 0 11/676 4/623
Mastectomy with axillary sampling: RT vs not
47 1973  Southampton UK CW+AF+IMC 54 886 517 203 18/907 10/699
48 1974 Edinburgh | CW+AF+IMC 53 2433 1525 979 62/2573 45/2364
49 1985 Nottingham CW+AF 60 295 24 0 1/192 2/127
7 1986 CRC, UK Various 58 449 53 0 4/253 7/249
Mastectomy alone: RT vs not
50 1970 Manchester RBS1 CW+AF+IMC 54 4413 2316 215 96/3849 71/3095
51,52 1970 Kings/Cambridge CW+AF+IMC 54 16970 6892 1671 285/13167 233/12366
53 1971 NSABP B-04 CW+AF+IMC 55 4417 2187 792 110/3968 85/3428
54 1978 Scottish D TCW+AF+IMC 59 619 337 47 8/486 10/517
55 1985 Tokyo CIH PS tAF+IMC 48 495 29 0 2/264 2/260
55 1988 Tokyo CIH N2 tAF+IMC 50 383 6 0 1/200 1/189
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Table S3 contd. Trials included, regions irradiated, median age at entry, distribution of woman-years since entry

and, in each trial arm (RT or No RT), numbers of deaths without breast cancer recurrence and woman-years.
AF=axilla and/or supraclavicular fossa, B=breast, BCS=breast conserving surgery, CW=chest wall,
RT=radiotherapy, S=boost to scar. Parentheses indicate only some women received radiotherapy to this region. * For balance, control patients in
3-way trials or trial strata count twice in totals of deaths/women. T Same polychemotherapy and/or tamoxifen in each trial arm.

IMC=internal mammary chain,

Woman-years

Deaths without recurrence

Trial reference, type, year started, Regions Median since entry /woman-years
and name irradiated age <10 10-19 20+ RT No RT
RT vs nodal surgery
56 1951 Copenhagen BCT CW+AF+IMC 58 3048 1555 1404 102/2969 103/3038
57 1964  SE Scotland CW+AF+IMC 55 3734 2197 1697 96/3382 107/4246
50 1970 Manchester RBS2 CW+AF+IMC 57 1449 604 62 30/1116 26/999
53 1971 NSABP B-04 CW+AF+IMC 55 7721 3506 1214 177/6061 174/6380
- 1972  WSSA Glasgow CW+AF 55 1126 5 0 12/530 9/601
- 1972 CMN Mexico Unknown 48 1599 227 0 8/957 3/869
- 1976 Berlin-Buch IMC Peripheral 52 743 50 0 5/434 5/359
58 1980 Edinburgh CW+AF+IMC 57 1033 453 0 13/838 10/648
59 1982 Ins.Curie Paris tB+(AF)+(IMC) 51 5288 2781 153 25/4123 26/4099
BCS alone + RT vs mastectomy + axillary dissection
60 1961 Guy's London tB+AF+IMC 58 4012 2073 1031 82/2928 112/4188
BCS + RT vs mastectomy, both with axillary dissection
61 1972 IGR Villejuif B+(AF)+IMC 52 1411 896 222 11/1319 15/1210
29,62 1973 INTMilan1 tB+(AF)+IMC 50 5795 3991 2653 78/6187 88/6252
1 1976 NSABP B-06 B 51 9387 5587 1217 115/7965 102/8226
63,64 1979 NCl Bethesda tB+(AF)+(IMC) 50 1781 1030 83 15/1360 15/1534
65 1980 EORTC 10801 B+(AF)+(IMC) 53 6193 1524 0 20/3900 26/3817
66 1983 Danish BCG 82TM B 51 4119 2583 66 21/3574 25/3194
67 1984 GBSG 01 Germany B+(F)+IMC 56 506 86 0 5/251 5/341
Ductal carcinoma in situ: RT vs no RT
68 1985 NSABP B-17 B+(S) 55 6364 3000 13 51/5031 44/4346
69 1986 EORTC 10853 B+(S) 53 7862 1111 0 14/4627 8/4346
70 1987 SweDCIS B 56 6904 667 0 39/4007 37/3564
71 1990 UK/ANZ DCIS B 56 4355 0 0 8/2216 6/2139
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Figure S1. Effect of allocation to radiotherapy (RT) on mortality without breast cancer recurrence.
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Figure S2. Effect of allocation to radiotherapy on mortality without breast cancer recurrence during years 10+.

Mortality without breast cancer recurrence during years 10+ (57 trials)
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Figure S3. Effect of allocation to radiotherapy on mortality without breast cancer recurrence (all years).

Mortality without breast cancer recurrence (75 trials)

Deaths/Woman-years RT deaths
Category Allocated  Allocated Logrank Variance _Ratio of annual death rates Rate Ratio
RT No RT O-E of O-E RT : NoRT (95% Cl)

1

(a) Age at entry (years) ( xf =0.1;p=0.7) |

1
<50 478/68523 406/61227 294  189.8 —a— 1.17 (1.01-1.35)
50-59 838/61640 753/57224 353 3407 —— 1.11 (1.00-1.23)
60+ 1915/64794 1674/61805  119.8  762.1 . B 1.17 (1.09-1.26)

1

1

(b) Radiotherapy modality (x5=2.0; p = 0.6) -

1
Cobalt-60 1219/76363 1053/71359 67.9 4753 —— 1.15 (1.05-1.26)
Megavoltage X-rays 602/54655 487/48549 312 2489 —a— 1.13 (1.00-1.28)
Electrons 24719257 205/16433 3.8  103.1 — 1.04 (0.86-1.26)
Orthovoltage X-rays 1076/41502 971/39386 789 4239 - 1.20 (1.10-1.32)
Other/unknown 87/3179  117/4529 2.7 41.3 —_—t 1.07 (0.79-1.45)

1

1

(c) Radiotherapy technique ( xg =4.2; p=0.1) i

1
Direct IMC field 952/51356  830/48028 76.3 3674 - 1.23 (1.11-1.36)
Tangent 1008/84781 873/76406 30.2 438.3 --I—: 1.07 (0.98-1.18)
Wide tangent 1184/55640 1013/51293 753 4455 —— 1.18 (1.08-1.30)
Other/unknown 87/3179  117/4529 2.7 41.3 —t— 1.07 (0.79-1.45)

1

(d) Use of chemotherapy ( xf =0.1; p=0.8) !
No chemotherapy 2887/1625672532/150959  162.0 1157.6 B 1.15 (1.09-1.22)
Chemotherapy 344/32389 301/29297 222 1347 —— 1.18 (1.00-1.40)

1

(e) Use of tamoxifen ( xf =0.8; p=0.4) !
No tamoxifen 2636/1574322313/145852  160.3  1037.1 . B 1.17 (1.10-1.24)
Tamoxifen 595/37524 520/34404 238 2547 - 1.10 (0.97-1.24)

1

1

(f) Year trial began ( xf =4.7;p =0.03) '

1
Before 1970 700/22922 702/25479 670 2743 +—— 1.28 (1.13-1.44)
1970s 1169/54758 961/50098 709 4358 —— 1.18 (1.07-1.29)
1980s 752/64595 647/57516 252 3159 i 1.08 (0.97-1.21)
1990-2000 610/52682 523/47164 213 266.7 . 1.08 (0.96-1.22)

1

. 2 men =

(9) Period of follow=up (7 =7.6; p =0.006) !
Years 0—4 606/81457 584/77071 85 2750 —m— 1,02 (0.91-1.15)
Years 5-9 722/52040 606/46645 310 3030 — 1.11 (0.99-1.24)
Years 10-14 637/32119  506/28587 49.8 249.3 —:—I— 1.22 (1.08-1.38)
Years 15-19 496/17448 445/15806 249 1957 —a— 1.14 (0.99-1.31)
Years 20+ 770111893 692/12147 722 2696 —— 1.31 (1.16-1.47)

1

3231/ 2833/ X

Total 194957 180256 184.5 1292.6 <= 1.15 (1690%0-11.22)
< 0.
(1.7%ly) (1.6%ly) : P
| 1 | 1 ! 1 ]
0.5 1.0 2.0

Areas of squares are proportional to amounts of information.

IMC=internal mammary chain.

RT better ——|—— RT worse
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Table S4. Effect of allocation to radiotherapy (RT) on non-breast-cancer mortality without any breast cancer
recurrence. DVT= deep vein thrombosis, COPD=chronic obstructive pulmonary disease

22

Number of deaths Logrank
(total woman-years) statistics
RT No RT Adjusted excess* Rate ratio
(194957)  (180250) j (95% C1) 0t v (95% C1) P Value
Cancers
Leukaemia 20 19 0 (-12-11) -0.2 8.6 0.97 (0.50—1.91) 0.94
Lung 120 65 43 (17-69) 21.6 43.5 1.64 (1.22—2.21) 0.001
Pleura 2 0 - 0.6 0.4 - 0.36
Oesophagus 17 6 10 (1-19) 5.0 5.5 2.51 (1.08—5.72) 0.03
Pancreas 36 25 10 (-4-24) 5.0 12.9 1.47 (0.85—2.54) 0.16
Stomach 36 36 -3(-19-12) -1.7 16.3 0.90 (0.55—1.46) 0.68
Large intestine 64 59 2 (-19-22) 0.9 27.6 1.03 (0.71—1.50) 0.87
Ovary 39 41 -5 (-22-12) 2.6 18.9 0.87 (0.56—1.37) 0.55
Endometrium 18 14 3 (-8-13) 13 7.7 1.18 (0.58—2.40) 0.64
Cervix 10 -2 (-10-7) -0.9 4.7 0.83 (0.33—2.04) 0.69
Melanoma 1 - 0.7 0.7 - 0.38
Soft tissue 4 3(-3-9) 1.3 2.4 1.75 (0.49—6.09) 0.39
Lymphoma 32 19 9 (-4-23) 4.6 12.0 1.46 (0.83—2.58) 0.19
Other specified site 73 76 -5 (-27-18) 2.3 32.6 0.93 (0.66—1.31) 0.69
Circulatory
Ischaemic heart disease 368 296 66 (19-114) 33.2 146.2 1.26 (1.07—1.48) 0.006
Arrhythmia 42 19 22 (7-36) 10.8 14.2 2.14 (1.27—3.60)  0.004
Heart failure, with IHD 14 12 2 (-8-11) 0.9 6.1 1.16 (0.52—2.56) 0.72
Heart failure, no IHD 63 33 28 (10-46) 14.1 21.2 1.94 (1.27—2.98) 0.002
Heart valve disease 31 15 14 (1-26) 6.9 10.1 1.97 (1.07—3.67) 0.03
Pericardial disease 4 0 - 1.8 1.0 - 0.07
Other heart disease 183 173 7 (-26-42) 3.9 76.8 1.05 (0.84—1.32) 0.66
Pulmonary embolism inc.
DVT 32 14 14 (2-27) 7.2 9.8 2.10(1.11—3.90) 0.02
Stroke 183 175 13 (-22-48) 6.4 80.8 1.08 (0.87—1.35) 0.48
Other specified cause
External cause 41 36 5(-12-21) 2.3 17.4 1.14 (0.71—1.83) 0.58
Hepatic 18 17 -1 (-12-10) 0.6 8.2 0.93 (0.47—1.84) 0.84
Infectious/parasitic 13 5 7 (-1-15) 3.5 4.0 2.36 (0.90—6.39) 0.08
Pneumonia 77 72 11 (-12-33) 5.3 32.7 1.18 (0.83—1.66) 0.35
COPD 28 40 -18 (-34--3) -9.1 15.6 0.56 (0.34—0.92) 0.02
Other respiratory 34 23 11 (-3-24) 5.3 12.3 1.55 (0.88—2.69) 0.13
Other specified cause 212 247 -34 (-73-5) -17.0 100.2 0.84 (0.69—1.03) 0.09
Not specified cause
Unspecified, but not breast 694 626 74 (8-139) 36.9 285.6 1.14 (1.01—1.20) 0.03
Unknown cause 719 655 79 (12-146) 394 291.6 1.14 (1.02—1.28) 0.02
All causes 3231 2833 369 (228-510) 184.4 1292.6 1.15(1.09—1.22) <0.0001

*The adjusted excess number of events (or deaths) in the RT group is calculated as twice the logrank Observed minus Expected

(see Methods S1 for details) and allows for RT delaying recurrence. Table S2 relates ICD-10 codes used in grouping diseases.
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Table S5. Rates of various types of breast cancer event in women allocated no radiotherapy, by nodal status in the
present study.

For contralateral breast cancers (column 1 of type of event) the rates are similar in women who were
originally treated for node negative and node positive disease. In contrast, for recurrence (columns 2 and
3) the rates are much higher for women who were originally treated for node positive disease. So, the
contralateral breast cancers are likely to be new primaries and not wrongly classified recurrent disease.

Type of event
Nodal Contralateral Distant recurrence Any first recurrence
status before any recurrence as first event (local or distant)
Events Rate Events Rate Events Rate
/woman-years (%/y) /woman-years  (%/y) /woman-years (%/y)
NO/N- 412/102617 0.40 1633/106871 1.53 3756/114705 3.27
N+/N? 261/63455 0.41 2654/69236 3.83 5076/73972 6.86

75 trials contributed events to this analysis.

Abbreviations: NO=node-negative (pathological), N-= node-negative (clinical or other), N+=node-positive (pathological or
clinical), N?-= unknown nodal status.



Figure S4. Effect of allocation to radiotherapy on incidence of contralateral breast cancer.

Contralateral breast cancer incidence (65 trials)

Events/Woman-years RT events
Category Allocated Allocated Logrank Variance Ratio of annual event rates Rate Ratio
RT No RT O-E of O-E RT : NoRT (95% Cl)

1

(a) Age at entry (years) (y;=0.3; p = 0.6) .

1
<50 305/63066 240/56739 147 1249 -+ 1.12 (0.94-1.34)
50-59 313/56356 221/52650 208 1232 —— 1.27 (1.07-1.52)
60+ 263/59342 212/56682 204  110.0 —— 1.20 (1.00-1.45)

1

b) Nodal status (x> = 0.0; p=0.8 :

(b) X1 P

1
Negative 524/106258 412/102617 391 2268 —— 1.19 (1.04-1.35)
Positive (or not known) 357/72506 261/63455 258 1314 —— 1.22 (1.03-1.44)

1

. . 2

(c) Radiotherapy modality (x;=8.7; p=0.03) X
Cobalt-60 376/71758 325/67416 109 1542 — 1.07 (0.92-1.26)
Megavoltage X-rays 238/52187  186/46581 9.3 1013 — 1.10 (0.90-1.33)
Electrons 84/19257  52/16433 1.8 31.7 —_— 1.44 (1.02-2.04)
Orthovoltage X-rays 177/32382  106/31113 30.9 68.7 —a— 1.57 (1.24-1.99)
Other/unknown 6/3179 4/4529 22 23 X 2.60 (0.71-9.48)

1

1 . 2 . -

(d) Radiotherapy technique (y,;=2.1; p=0.3) X
Direct IMC field 231/46626 163/43178 27.9 90.7 —V—— 1.36 (1.11-1.67)
Tangent 304/78769 302/71682 217 167.1 1—— 1.14 (0.98-1.33)
Wide tangent 250/50190 204/46683 13.1 98.1 1 1.14 (0.94-1.39)
Other/unknown 6/3179 4/4529 22 23 ' 2.60 (0.71-9.48)

1

1

(e) Use of chemotherapy (x>=0.0; p=1.0) .

1
No chemotherapy 744/148290 573/138679 56.0  307.3 —-— 1.20 (1.07-1.34)
Chemotherapy 137/30474 100/27393 8.9 50.8 - 1.19 (0.91-1.57)

1

- 1

(f) Use of tamoxifen ( xﬁ =2.6; p=0.1) !
No tamoxifen 746/143340 589/133436 454  306.0 —-— 1.16 (1.04-1.30)
Tamoxifen 135/35424  84/32636 20.4 52.0 - 1.48 (1.13-1.94)

1

(9) Year trial began (xf =0.3; p = 0.6) :
Before 1970 68/19252  66/21817 5.2 324 — 1.17 (0.83-1.66)
1970s 206/48828 211/45012 280 1096 —— 1.29 (1.07-1.56)
1980s 330/58275 257/52277 19.8 1373 . 1.16 (0.98-1.37)
1990-2000 187/52409 139/46966 1.9 78.9 I 1.16 (0.93-1.45)

1

(h) Period of follow-up (x§ =21.4; p <0.0001) !
Years 0-4 325/74270 301/70318 55 147.3 —.—IL 1.04 (0.88-1.22)
Years 5-9 295/47299  150/42662 564  103.7 , —— 1.72 (1.42-2.09)
Years 10-14 139/29458 103/26387 9.2 55.5 —_—— 1.18 (0.91-1.54)
Years 15+ 122/27738  119/26704 -6.2 515 — = 0.89 (0.67-1.17)

1

1

881/ 673/ '

Total 178764 166071 64.9 358.1 ~3= 1.20 (1.08-1.33)
(0.5%ly) (0.4%ly) - p=0-0008
1
| 1 1 11 1 1 I 1

0.5 1.0

RT better —-—|—— RT worse

Areas of squares are proportional to amounts of information.

IMC=internal mammary chain
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Table S6. Relative risks of contralateral breast cancer after breast cancer radiotherapy in the Surveillance,
Epidemiology and End Result (SEER) program and in the Early Breast Cancer Trialists’ Collaborative Group
(EBCTCG) trials, both by time since irradiation.

SEER* EBCTCG
Period of follow-up (years) RT vs no RT RT vs no RT
Rate ratio (95% Cl) Rate Ratio (95% Cl)

0-4 1.10(1.05-1.16) 1.04 (0.88 —1.22)

5-9 1.33 (1.24-1.42) 1.72 (1.42 - 2.09)

10-14 1.50 (1.36—1.65) 1.18 (0.91 — 1.54)

15+ 1.37(1.20-1.58) 0.89 (0.67-1.17)

All years 1.25(1.21-1.30) 1.20(1.08 — 1.33)

SEER data based on 13,428 events in 322,863 women. 65 EBCTCG trials contributed events to this analysis (1554
events in 344,829 woman-years).

*The ratio of observed/expected events was calculated for subsequent breast cancer after previous treatment of breast cancer
with or without radiotherapy. Observed events were calculated as all second and later (third, fourth, etc) invasive breast
cancers that developed at least two months after the first primary cancer was treated, so as to be comparable with the expected
numbers derived from baseline SEER incidence rates, which include multiple second tumours. Source: Tables 7.1.8 -11 of Curtis
RE, Ron E, Hankey BF, Hoover RN. Chapter 7. New malignancies following breast cancer from: Curtis RE, Freedman DM, Ron E,
Ries LAG, Hacker DG, Edwards BK, Tucker MA, Fraumeni JF Jr. (eds). New Malignancies Among Cancer Survivors: SEER Cancer
Registries, 1973-2000. National Cancer Institute, NIH Publ. No. 05-5302. Bethesda, MD, 2006.



Figure S5. Effect of allocation to radiotherapy on contralateral breast cancer. The plot excludes trials of
orthovoltage radiotherapy.

201

15—-year loss 1.0 % (95% CI1 0.2-1.8)
RR 1.12 (95% CI1 1.00-1.26)
logrank p = 0.05

Contralateral breast cancer (95% ClI)

6.9%
5.9%
No RT
4.0
5 10 15 years
Contralateral breast cancer rates (%/year) and logrank analyses
Years 0-4 Years 5-9 Years 10-14 Years 15+
RT 0.43 (266/62179) 0.61 (241/39520) 0.44 (105/24084)  0.45 (92/20599)
No RT 0.42 (244/57665) 0.38 (132/34537) 0.39 (81/20648) 0.44 (81/18279)
Rate ratio, from  1.00 (0.83-1.19) 1.56 (1.26-1.92) 1.04 (0.77-1.40) 0.86 (0.63-1.18)

(O-EWV -0.5/122.0 38.5/86.8 1.7/42.8 -5.7/137.8
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Table S7. Rate of lung cancer incidence, in women allocated no radiotherapy, compared to various types of breast

cancer event, by nodal status in the present study.

For lung cancers (column 1 of type of event) the rates are similar in women who were originally treated for
node negative and node positive disease. In contrast, for recurrence (columns 2 and 3) the rates are much
higher for women who were originally treated for node positive disease. So, the lung cancers are likely to

be new primaries and not wrongly classified lung metastases.

Type of event
Nodal Lung cancer Distant recurrence Any first recurrence
status (second primary) as first event (local or distant)
Events Rate Events Rate Events Rate
/woman-years (%/y) /woman-years  (%/y) /woman-years (%/y)
NO/N- 66/102391 0.06 1633/106871 1.53 3756/114705 3.27
N+/N? 34/59860 0.06 2654/69236 3.83 5076/73972 6.86

75 trials contributed events to this analysis.

Abbreviations: NO=node-negative (pathological), N-= node-negative (clinical or other), N+=node-positive (pathological or

clinical), N?-= unknown nodal status.



Figure S6. Effect of allocation to radiotherapy on lung cancer incidence during years 10+.

Lung cancer incidence during years 10+ (30 trials)

Events/Woman-years RT events

Allocated Allocated Logrank Variance _Ratio of annual event rates
RT No RT O-E of O-E RT : NoRT

Category

Rate Ratio
(95% Cl)

(a) Age at entry (years) (= 0.0; p =0.9)

<50 37/26633 18/24760 9.7 13.0 { ]
50-59 35/18999 14/18008 77 1.4 -
60+ 22/14041 8/13529 6.0 71 : i
1
(b) Nodal status (x> =0.0; p=1.0) i
Negative 54/36548  26/37776 14.6 19.5 — B
Positive (or not known) 40/23126 14/18522 8.8 12.0

(c) Breast cancer laterality ( xf =1.7; p=0.2)

Right 41/24650  13/21605 12.2 125 —
Left 29/23612  18/22606 4.6 10.7
Unkn/Other 24/11511 9/12088 6.9 7.6

T

i}

(d) Radiotherapy modality (x§ =0.5; p=10.9)

Cobalt-60 33/22956  15/22187 7.7 107 !
Megavoltage X-rays 15/10441 7/8690 24 52 L '
Electrons 16/7005 5/5770 44 5.1 —i
Orthovoltage X-rays 20/18067  13/17698 8.2 10.2 i
Other/unknown 111204 0/1953 0.6 0.2 i

|

|
(e) Radiotherapy technique (y3=1.3; p=0.5) !

|
Direct IMC field 39/17009  15/15836 1.4 12.9 ——
Tangent 20/16096  11/14524 2.7 7.2 = ;
Wide tangent 34/25365  14/23984 8.8 11.1 it
Other/unknown 1/1204 0/1953 0.6 0.2 !

|
(f) RT contained an IMC field ( xf =0.5; p=0.5) i
No IMC RT 21/13657  10/12232 3.7 7.2 -
IMC RT 73/46017  30/44065 19.7 24.3 +

(g) Use of chemotherapy ( xf =0.3; p=10.6)

2.11 (1.22-3.63)
1.96 (1.10-3.51)
2.33 (1.12-4.86)

2.11 (1.36-3.30)
2.08 (1.18-3.67)

2.65 (1.52-4.62)
1.54 (0.84-2.80)
2.48 (1.22-5.05)

2.05 (1.13-3.74)
1.59 (0.67-3.75)
2.37 (0.99-5.64)
2.23 (1.21-4.13)
20.09 (0.25-1607.78)

2.42 (1.40-4.18)
1.45 (0.70-3.02)
2.21 (1.23-3.98)
20.09 (0.25-1607.78)

1.7 (0.81-3.47)
2.25 (1.51-3.35)

No chemotherapy 77/49282  35/46888 18.6 26.4 —-— 2.02 (1.38-2.96)
Chemotherapy 17/10392 5/9409 48 5.0 — 2.61 (1.09-6.27)

I

(h) Use of tamoxifen (y2=0.1; p=0.8) i
No tamoxifen 79/53466  34/50814 20.3 265 —:r.— 2.15 (1.47-3.15)
Tamoxifen 15/6208 6/5484 3.1 5.0 = 1.86 (0.77-4.47)

I

(i) Year trial began ( xf =1.8;p=0.2) i
Before 1970 27/9388  10/11262 9.0 8.9 — 1 m > 275(1.43-5.30)
1970s 27/23920  11/22268 7.6 8.6 L 242 (1.24-4.72)
1980s 30121114 14/18527 5.6 105 - 1.70 (0.93-3.12)
1990-2000 10/5252 5/4240 1.1 35 ! 1.37 (0.48-3.90)

I

- - !

(j) Period of follow-up ( Xf =0.4; p=0.5) !
Years 0-4 32/70416  31/66687 -0.4 155 ——H—— i 0.97 (0.59-1.60)
Years 5-9 39/43507  20/39266 2.8 16.2 —t 8 1.19 (0.73-1.93)
Years 10-14 36/27842  16/25144 7.5 12.3 » 1.84 (1.05-3.22)
Years 15+ 58/31832  24/31153 15.9 192 — Ll 229(146-3.58)

I

I

94/ 40/ i

Total (years 10+ only) 59673 56297 234 31.5 ~—t=— 2.10 (1.48-2.98)
(0.2%ly) (0.1%ly) ! p=0.00003
L 1 L1 | Il 1 |
0.5 1.0 40
RT better ——|—— RT worse
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Areas of squares are proportional to amounts of information, open boxes do not contribute to tests for trend or heterogeneity.

IMC=internal mammary chain.



Figure S7. Effect of allocation to radiotherapy on lung cancer incidence (all years).

Lung cancer incidence (47 trials)

Events/Woman-years

RT events

Category Allocated Allocated Logrank Variance _Ratio of annual event rates Rate Ratio
RT No RT O-E  of O-E RT : NoRT (95% CI1)
1
(a) Age at entry (years) ( xf =1.3; p=0.3) !
<50 52/63453  32/57827 9.9 19.7 —il— 1.65 (1.06-2.57)
50-59 60/54639  27/51138 12.1 20.7 — 1.79 (1.17-2.76)
60+ 53/55505  41/53286 3.8 227 — 1.18 (0.78-1.78)
1
(b) Nodal status (x> =0.0; p=0.9) i
Negative 100/104354  66/102391 16.4 407 —N— 1.50 (1.10-2.03)
Positive (or not known) 65/69243  34/59860 9.5 224 —.-— 1.53 (1.01-2.31)
1
(c) Breast cancer laterality ( xf =1.3; p=0.3) i
Right 67/65122  30/57727 14.5 229 — 1.88 (1.25-2.84)
Left 62/65847  42/62169 7.2 239 —_— 1.35 (0.91-2.02)
Unkn/Other 36/42627  28/42354 3.0 15.2 a1 1.22 (0.74-2.01)
1
N 2 _ . — 1
(d) Radiotherapy modality (x;=1.9; p=0.6) !
Cobalt-60 61/68168  36/64452 10.7 224 — . 1.61 (1.07-2.44)
Megavoltage X-rays 41/42560  30/37640 24 17.3 —_— - 1.15 (0.72-1.84)
Electrons 24/20007  10/17382 5.4 8.2 —= 1.93 (0.97-3.83)
Orthovoltage X-rays 38/39715  24/38268 6.7 15.1 4+ 1.56 (0.94-2.58)
Other/unknown 113147 0/4508 0.6 0.2 H 20.09 (0.25-1607.78)
1
1
(e) Radiotherapy technique (y3=2.8; p=0.2) :
Direct IMC field 50/49296  27/46226 14.2 20.6 —E—I— 1.99 (1.29-3.07)
Tangent 61/67535  44/61178 5.1 25.5 —T 1.22 (0.83-1.80)
Wide tangent 44/53619  29/50338 5.9 16.9 I 1.42 (0.88-2.28)
Other/unknown 113147 0/4508 0.6 0.2 : 20.09 (0.25-1607.78)
1
(f) RT contained an IMC field ( xf =2.2; p=0.1) i
No IMC RT 58/61939  43/56100 42 24.5 — 1.19 (0.80-1.76)
IMC RT 106/110140  57/104643 21.2 385 —— 1.73 (1.26-2.38)
Unknown 111517 0/1508 0.5 0.2 i 12.18 (0.15-975.17)
1
(g9) Use of chemotherapy ( xf =1.3; p=0.2) H
1
No chemotherapy 134/142299  88/133651 18.3 53.1 — B 1.41 (1.08-1.85)
Chemotherapy 31/31297  12/28600 7.5 10.1 . = 2.10 (1.13-3.89)
1
1
(h) Use of tamoxifen (y’=2.2; p=0.1) !
1
No tamoxifen 124/140642  67/131500 23.8 452 —— 1.69 (1.26-2.27)
Tamoxifen 41/32955  33/30751 2.0 18.0 — 1.12 (0.70-1.77)
1
1
(i) Year trial began ( xf =4.5; p=10.03) i
Before 1970 28/20869  12/23527 8.7 9.6 : ] 2.48 (1.31-4.66)
1970s 40/52693  23/48877 7.4 14.3 —— 1.68 (1.00-2.82)
1980s 58/63127  33/56619 8.8 21.9 —*.— 1.49 (0.98-2.27)
1990-2000 39/36907  32/33228 1.0 17.3 — 1.06 (0.66-1.70)
1
(i) Period of follow-up (x?=7.5; p = 0.006) i
Years 0-4 3270416  31/66687 -0.4 155 ————&——L 0.97 (0.59-1.60)
Years 5-9 39/43507  29/39266 2.8 16.2 — 1.19 (0.73-1.93)
Years 10-14 36/27842  16/25144 7.5 123 —— 1.84 (1.05-3.22)
Years 15+ 58/31832  24/31153 15.9 19.2 +——————  2.29(146-3.58)
1
1
165/ 100/ i
Total 173597 162251 258 63.1 —= 1.51 (1_.01 n§1—1 .93)
(0.1%ly) (0.1%ly) H pen
L T R N : I 1 |
0.5 1.0 4.0

IMC=internal mammary chain.

RT better —|—— RT worse

Areas of squares are proportional to amounts of information, open boxes do not contribute to test for heterogeneity.
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Table S8. Unilateral breast cancer treated with radiotherapy: subsequent incidence of primary lung cancer,
ipsilateral vs contralateral, by decade of breast cancer diagnosis and time since diagnosis, for women in the
Surveillance, Epidemiology and End Result (SEER) program.

Unilateral local or regional breast cancer

treated with radiotherapy

Incidence of new primary lung cancer
ipsilateral/contralateral to irradiated breast

Decade of breast
cancer diagnosis

Years since breast
cancer diagnosis

Number of
lung cancers

Rate ratio
(and 95% Cl)

1970s <10 years 26/40 0.65 (0.40-1.07)
10-19 years 66/31 2.13 (1.39-3.26)
20+ years 68/27 2.52 (1.61-3.93)
1980s <10 years 107/112 0.96 (0.73-1.25)
10-19 years 160/99 1.62 (1.26-2.08)
20+ years 101/48 2.10(1.49-2.97)
1990s <10 years 481/434 1.11(0.97-1.26)
10-19 years 377/294 1.28 (1.10-1.49)
20+ years 22/10 2.20(1.04-4.65)
2000s <10 years 1237/1232 1.00 (0.93-1.09)
10-14 years 128/96 1.33 (1.02-1.74)

15+ years - -
1973-2013 <10 years 1851/1818 1.02 (0.95-1.09)
10-19 years 731/520 1.41 (1.26-1.57)
20+ years 191/85 2.25(1.74-2.90)

30

SEER public-use data on 393,338 women diagnosed from 1973 to 2013 with local or regional breast cancer of known
laterality that were treated with radiotherapy. Follow-up for first new primary lung cancer, and its laterality, was to
1.1.2014. Rate ratios estimated using Poisson regression with stratification by calendar year of diagnosis, time since
diagnosis, age (all in 5-year groups) and race (white, black, other/unknown).

Source of data:

Surveillance, Epidemiology, and End Results (SEER) Program (www.seer.cancer.gov) Research Data (1973-2013), National Cancer

Institute, DCCPS, Surveillance Research Program, Surveillance Systems Branch, released April 2016, based on the November

2015 submission.
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Figure S8. Estimates of excess rate ratio per gray (ERR/Gy) for lung cancer in several epidemiological studies and
the present study.

Study™ St;ucly Cancer Years since - No. lung Excess rate ratio per Gy (95% Cl)

radiotherapy cancers

EBCTCG' RaTr BCa 10+ 94 0.11 (0.05-0.20)

1

Gilbert’ CaCo HL 5+ 146 1 0.15 (0.06-0.39)
]
[]

Grantzau® CaCo BCa 5+ 105 0.09 (0.03-0.23)
Inskip* CaCo BCa 10+ 61 0.20 (~0.62-1.03)

Prochazk® Ca-only BCa 10+ 69 —H 0.11 (0.02-0.44)
1
1

. Total 475 <> 0.11 (0.06-0.19)

Heterogeneity between 5 studies: -0.5 0.0 0.5 1.0
+>=0.54; p=0.97 ERR/Gy

Sizes of the squares are directly proportional to the amount of information each study contains.

This above figure summarises available evidence, from 4 other studies and the current study, for the relationship
between radiation dose and subsequent lung cancer. There is very little heterogeniety between the indivudal
estimates of the ERR/Gy. The values shown here are for the overall ERR /Gy i.e. smokers and non-smokers together.
The RRs per gray in observational studies are based on total events in: 282 ever smokers, 52 non-smokers (two
studies included unknown status with non-smokers), and 47 of unknown smoking status. There are not enough
events in non-smokers to reliably estimate the ERR/Gy for them separately. However, available evidence suggests
that the ERR/Gy may be higher in smokers [Gilbert 2003, Grantzau 2014, Prochazka 2005]. There is no evidence that
the dose-response relationship departs from linearity.

Since smoking status was not available, absolute risk estimates from the current study (figure 3) are based on the
overall RR in smokers and non-smokers together. If in fact the ERR/Gy is higher in smokers than non-smokers,
absolute risks due to radiotherapy in the smokers may be underestimated. In contrast absolute risks for non-smokers
in the current study may be an over-estimate but even then their absolute risk would remain very small (estimate is
~ 0.3% absolute lung cancer mortality increase due to radiotherapy, see figure 3).

BCa=breast cancer, CaCo=case-control, Ca-only=case-only, HL=Hodgkin lymphoma, RaTr=randomised trial.
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Figure S9. Effect of allocation to radiotherapy on lung cancer mortality (all years).

Lung cancer mortality (39 trials)

Deaths/Woman-years RT deaths
Category Allocated  Allocated Logrank Variance _Ratio of annual death rates Rate Ratio
RT No RT O-E  of O-E RT : NoRT (95% Cl1)
i
(a) Age at entry (years) (x>=0.8; p=0.4) :
1
<50 37/66743  23/59335 6.8 13.8 T— 1.64 (0.97-2.77)
50-59 48/58325  16/54225 12.2 15.0 —————— 226(1.36-3.74)
60+ 35/59126  26/56487 2.5 146 — 1.19 (0.71-1.98)
1
(b) Nodal status (y’=2.2; p=0.1) i
Negative 53/104788 40/100863 6.5 229 —1|m—— 1.33 (0.88-2.00)
Positive (or not known) 67/79405  25/69185 15.1 20.6 —i—.— 2.08 (1.35-3.21)
1
(c) Breast cancer laterality ( xf =5.4; p=0.02) i
1
Right 58/70599  17/62585 14.0 16.7 ————— 2.31(143-3.74)
Left 35/72726  32/67163 0.3 155 ————@—+ 1.02 (0.62-1.68)
Unkn/Other 27/40869  16/40300 5.4 10.3 = 1.69 (0.92-3.11)
1
- . 1
(d) Radiotherapy modality (X§ =3.7; p=0.3) !
Cobalt-60 36/72648  20/67632 6.1 12.6 o 1.62 (0.93-2.82)
Megavoltage X-rays 18/48137  17/42669 -0.6 & = I 0.93 (0.48-1.82)
Electrons 19/19257  8/16433 4.0 6.5 i 1.85 (0.86-3.99)
Orthovoltage X-rays 46/40972  20/38785 1.5 15.7 —————— 2.08(1.27-3.41)
Otherfunknown 1/3179 0/4529 0.6 0.2 i 20.09 (0.25-1607.78)
1
1
(e) Radiotherapy technique ( xg =3.2; p=0.2) !
1
Direct IMC field 42/50827 1647473 1.2 13.9 —————— 224(1.32-3.79)
Tangent 28/75378  22/67669 13 12.1 | i 1.11 (0.63-1.96)
Wide tangent 49/54809  27/50378 85 172 —a— 1.64 (1.02-2.63)
Other/unknown 1/3179 0/4529 0.6 0.2 : 20.09 (0.25-1607.78)
1
(f) RT contained an IMC field (x;=2.3; p=0.1) i
No IMC RT 27/69590  21/62390 13 1.6 ] ! 1.12 (0.63-1.99)
IMC RT 93/113073  44/106144 20.3 31.9 —— 1.89 (1.34-2.67)
Unknown 0/1531 0/1514 i
1
(g) Use of chemotherapy ( xf =3.8; p=0.05) i
1
No chemotherapy 94/152719  59/141615 13.0 35.9 —B— 1.44 (1.04-1.99)
Chemotherapy 26/31474  6/28433 8.6 7.5 —i—-—> 3.15 (1.54-6.44)
1
(h) Use of tamoxifen ( xf =22; p=0.1) |
1
No tamoxifen 104/149025  50/137900 21.6 36.0 —Hl— 1.82 (1.31-2.53)
Tamoxifen 16/35169  15/32148 0.0 7.5 " : 1.00 (0.49-2.05)
1
(i) Year trial began ( xf =4.8; p=10.03) i
1
Before 1970 26/22091  9/24563 8.1 8.4 ; = 2.62 (1.33-5.16)
1970s 42/54228  21/49497 8.3 14.1 — 1.80 (1.07-3.04)
1980s 41/63955  22/56898 6.7 15.1 T— 1.56 (0.94-2.58)
1990-2000 11/43919  13/38090 -1.6 £ = ; 0.76 (0.34-1.71)
[}
(i) Period of follow-up (x%=11.4; p < 0.001) i
Years 0-4 11/75650  14/71246 -1.7 A = ! 0.76 (0.34-1.67)
Years 5-9 21/48555  21/43470 -1.4 9 = ! 0.87 (0.47-1.62)
Years 10-14 29/30793 1227444 7.4 9.8 T 2.13 (1.14-3.98)
Years 15+ 59/20295  18/27888 17.3 17.7 I——l—— 2.66 (1.67-4.23)
1
1
120/ 65/ i
Total 184194 170047 215 434 -<!>— 1.64 (1 .;2&1—2.21)
(0.1%ly) (0.0%ly) : P
L I ! I 1 |
0.5 1.0 4.0

RT better -—|—— RT worse

Areas of squares are proportional to amounts of information, open boxes do not contribute to test for heterogeneity.

IMC=internal mammary chain.



Table S9: Estimated effect of typical 2010s radiotherapy regimens on mortality from lung cancer by age at
irradiation and smoking history

Epidemiological estimates of the risks without radiotherapy are multiplied by the rate ratios attributed to 5 Gy
whole-lung dose and 4 Gy whole-heart dose (see Methods S1 for methodology). Estimated risks calculated below
are most applicable to an average female smoker in the USA or UK.

Estimated lung cancer risk by age 80 (%)

RT No RT Excess from RT

Radiotherapy at age 50
Never smoked, or

stopped by age 30 0.8 0.5 0.3
Stopped at age 40 1.8 1.2 0.6
Stopped at age 50 39 2.6 1.3
Continuing smoker 13.8 9.4 4.4

Radiotherapy at age 60
Never smoked, or

stopped by age 30 0.6 0.4 0.2
Stopped at age 40 1.5 1.1 04
Stopped at age 50 34 2.4 1.0
Stopped at age 60 6.0 4.4 1.6
Continuing smoker 11.8 8.7 3.1

Radiotherapy at age 70
Any smoking history Various Various Little excess by 80




Figure $10. Effect of allocation to radiotherapy on specified second cancer incidence (excluding contralateral
breast and lung).

Specified second cancer incidence, excluding contralateral breast and lung (58 trials)

Events/Woman-years RT events
Category Allocated Allocated Logrank Variance _Ratio of annual event rates Rate Ratio
RT No RT O-E of O-E RT : NoRT (95% Cl)

1

(a) Age at entry (years) ( xf =0.0; p=0.9) '
<50 196/63453 145/57827 21.8 78.3 —— 1.32 (1.06-1.65)
50-59 228/54639 210/51138 24 97.8 —a— 1.02 (0.84-1.25)
60+ 385/55505 306/53286 340 1599 —— 1.24 (1.06-1.44)

1

1

(b) Radiotherapy modality (x§ =3.8; p=0.3) '

1
Cobalt-60 347/68168 287/64452 228 1375 —il— 1.18 (1.00-1.40)
Megavoltage X-rays 178/42560 156/37640 34 79.8 —— 1.04 (0.84-1.30)
Electrons 99/20007  80/17382 8.5 425 —] - 1.17 (0.86-1.57)
Orthovoltage X-rays 179/39715 128/38268 25.7 72.6 -—— 1.42 (1.13-1.79)
Other/unknown 6/3147  10/4508 -0.1 3.6 ' 0.97 (0.35-2.73)

1

(c) Radiotherapy technique ( xg =0.3; p=0.9) :
Direct IMC field 246/49296  200/46226 225  103.7 —— 1.24 (1.02-1.51)
Tangent 310/67535 246/61178 19.8  134.6 —— 1.16 (0.98-1.37)
Wide tangent 247/53619 205/50338 16.0 94.1 —— 1.19 (0.97-1.45)
Other/unknown 6/3147  10/4508 -0.1 36 ! 0.97 (0.35-2.73)

1

(d) Use of chemotherapy ( xf =3.7; p=0.05) :
No chemotherapy 694/142299 587/133651 391 2032 - 1.14 (1.02-1.28)
Chemotherapy 115/31297  74/28600 19.2 42.8 - 1.57 (1.16-2.11)

1

(e) Use of tamoxifen (x2=0.5; p = 0.5) !
No tamoxifen 617/140642 498/131500 490 2505 — 1.22 (1.07-1.38)
Tamoxifen 192/32955 163/30751 9.2 85.4 — - 1.11 (0.90-1.38)

1

1

(f) Year trial began (x> =0.1; p =0.7) |
Before 1970 120/20869 114/23527 10.4 53.9 - 1.21 (0.93-1.58)
1970s 248/52693 190/48877 19.5 91.3 — 1.24 (1.01-1.52)
1980s 253/63127 210/56619 155  109.7 —— 1.15 (0.96-1.39)
1990-2000 188/36907 147/33228 12.8 81.1 I 1.17 (0.94-1.46)

1

(g) Period of follow-up (xf =0.4; p=0.6) !
Years 0—4 300/70416 230/66687 31.8 1244 —— 1.29 (1.08-1.54)
Years 5-9 210/43507 177/39266 74 91.0 — 1.08 (0.88-1.33)
Years 10-14 131/27842 108/25144 7.7 54.2 —-— 1.15 (0.88-1.50)
Years 15+ 168/31832 146/31153 1.3 66.3 - 1.19 (0.93-1.51)

1

1

809/ 661/ '

Total 173597 162251 58.2 336.0 ~=1.19 (1_.071-1.32)
(0.5%ly) (0.4%ly) - p=0400
1
L 1 1 11 ! 1 1 1

0.5 1.0 25

RT better ——I——- RT worse

Areas of squares are proportional to amounts of information.

IMC=internal mammary chain.



Figure S11. Effect of allocation to radiotherapy (RT) on heart disease mortality in the trials for women aged <60
years at entry: absolute risk nowadays will be lower in populations with lower background rates.

Heart disease mortality (95% CI)

40+
15—year loss 0.6 % (95% CIl 0.1-1.1)
T RR 1.34 (95% CI 1.10-1.63)
logrank p = 0.004
301
201
10t
RT
2.1%
19 1.5%
0.4 . No RT
50. 10" 15 years
Heart disease mortality rates (%/year) and logrank analyses
Years 0—-4 Years 5-9 Years 10-14 Years 15+
RT 0.08 (38/47378) 0.14 (46/32317) 0.19 (43/22137) 0.56 (130/23237)
No RT 0.07 (30/42758) 0.13 (35/27663) 0.11 (20/18726) 0.44 (92/20730)
Rate ratio, from  1.15 (0.71-1.87) 1.15 (0.74-1.79) 1.81 (1.08-3.03) 1.37 (1.03-1.82)

(O-E)V 2.4/16.6 2.719.5 8.6/14.5 15.2/47.9
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Figure S12. Effect of allocation to radiotherapy (RT) on heart disease mortality in the trials for women aged 60+
years at entry: absolute risk nowadays will be lower in populations with lower background rates.

Heart disease mortality (95% CI)

40+

15 year loss 1.2 % (95% CIl -0.6-3.0)
RR 1.28 (95% CI 1.10-1.48)
logrank p = 0.001

10.5%
9.3%
No RT
4.6
10 15 years
Heart disease mortality rates (%/year) and logrank analyses
Years 0—-4 Years 5-9 Years 10-14 Years 15+
RT 0.39 (111/28173) 0.70 (114/16239) 1.12 (97/8656) 2.08 (126/6058)
No RT 0.26 (70/26420) 0.63 (91/14523) 1.04 (81/7812) 1.55 (89/5756)
Rate ratio, from  1.51 (1.13-2.03) 1.10 (0.82-1.46) 1.08 (0.79-1.48) 1.46 (1.09-1.97)

(O-E)V 18.2/44.0 4.4/46.9 3.2/40.0 16.9/44.2
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Figure $13. Histogram of estimated mean heart doses for 29,985 women in trials in the present study which
contributed to analyses of heart disease mortality. The dashed lines show the category cut-points at 4 Gy & 8 Gy
used to create the dose categories in figures 2 and 3.

Number of women

0 5 10 15
Mean heart dose (Gy)

Note: Trials which either did not supply cause-specific mortality or recorded no heart disease deaths are excluded from the
histogram.



Figure S14a. Effect of allocation to radiotherapy on mortality from heart disease.

Heart disease mortality (45 trials)

Deaths/Woman-years RT deaths
Category Allocated Allocated Logrank Variance _Ratio of annual death rates Rate Ratio
RT No RT O-E of O-E RT : NoRT (95% CI)

1

(a) Age at entry (years) ( xf =0.5; p=0.5) !
<50 (6.4 Gy) 82/66743  48/59335 12.6 29.6 ——8%——  153(1.07-2.19)
50-59 (6.2 Gy) 175/58325 140/54225 16.3 68.8 —— 1.27 (1.00-1.61)
60+ (6.3 Gy) 448/59126 360/56487 427 1752 —— 1.28 (1.10-1.48)

1

1

(b) Primary tumour laterality ( Xf =1.7; p=0.2) !
Right (3.5 Gy) 259/70599 200/62585 19.2 99.9 —-— 1.21 (1.00-1.47)
Left (8.7 Gy) 297/72726 193/67163 401 107.0 —— 1.45 (1.20-1.76)
Unkn/Other (6.7 Gy) 149/40869 155/40300 8.6 58.3 —a8—— 1.16 (0.90-1.50)

1

(c) Mean heart dose (Gy)t (p < 0.0001) !
<4 (2.1 Gy) 149/55061 125/51048 44 59.4 — 1.08 (0.84-1.39)
4-8 (5.8 Gy) 227/50001 178/45134 19.9 90.4 —— 1.25 (1.01-1.53)
8+ (12.6 Gy) 327/44015 245/42886 44.1 119.5 ——— 1.45 (1.21-1.73)

Unk. (av. .) 2/34216  0/30980 :

1

(d) Type of surgery ( xf =22; p=0.1) X
Mastectomy (8.5 Gy) 549/93519 414/86563 64.2 2049 - 1.37 (1.19-1.57)
BCS (3.8 Gy) 156/90675 134/83485 7.3 68.7 —— 1.11 (0.88-1.41)

1

2 . =

(e) Use of chemotherapy (yx;=0.2; p=0.7) :
No chemotherapy (6.5 Gy) 644/152719 507/141615 642 2525 - 1.29 (1.14-1.46)
Chemotherapy (5.3 Gy) 61/31474  41/28433 7.3 21.0 L 1.42 (0.92-2.17)

1

(f) Use of tamoxifen (] =0.3; p = 0.6) !
No tamoxifen (6.7 Gy) 655/149025 506/137900 685 2525 - 1.31 (1.16-1.48)
Tamoxifen (3.8 Gy) 50/35169  42/32148 3.0 21.0 -l 1.15 (0.75-1.77)

1

(g) Year trial began (% =1.0; p = 0.3) !
Before 1970 (7.9 Gy) 181/22091 164/24563 23.1 69.7 — 1.39 (1.10-1.76)
1970s (10.1 Gy) 323/54228 226/49497 354  120.1 —n— 1.34 (1.12-1.61)
1980s (3.8 Gy) 157/63955 125/56898 8.5 65.3 ——I—:— 1.14 (0.89-1.45)
1990-2000 (3.8 Gy) 44/43919  33/39090 4.4 18.5 x 1.27 (0.80-2.00)

1

(h) Period of follow-up (x> =0.2; p=0.7) :
Years 0-4 (6.3 Gy) 149/75550 103/71246 20.6 60.6 — - 1.40 (1.09-1.81)
Years 5-9 (6.2 Gy) 160/48555 137/43470 7.1 66.4 — - 1.11 (0.87-1.42)
Years 10-14 (6.3 Gy) 140/30793  112/27444 11.8 545 — 1.24 (0.95-1.62)
Years 15+ (6.7 Gy) 256/29295 196/27888 320 92.1 —— 1.42 (1.15-1.74)

1

1

705/ 548/ :

Total 184194 170047 71.6 273.6 —+ 1.30 (1.15-1.46)
(0.4%ly) (0.3%ly) ! P =0.00002
L 1 I [ ! 1 1 |
0.5 1.0 25

RT better —-—i——- RT worse

Areas of squares are proportional to amounts of information, open boxes do not contribute to test for heterogeneity.

T Test for trend through zero effect at zero dose.
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Figure S14b. Effect of allocation to radiotherapy on heart disease mortality by different dose measures to various

cardiac organs at risk.

Heart disease mortality (45 trials)

Deaths/Woman-years

RT deaths

Category Allocated Allocated Logrank Variance _Ratio of annual death rates Rate Ratio
RT No RT O-E of O-E RT : NoRT (95% Cl)
(a) Mean heart dose (Gy) (xﬁ =3.6; p = 0.06) :
1
<4 (2.1) 149/55961 125/51048 44 59.4 — 1.08 (0.84-1.39)
4-8(5.8) 227/50001 178/45134 19.9 90.4 —— 1.25 (1.01-1.53)
8+ (12.6) 327/44015 245/42886 441  119.5 ——— 1.45 (1.21-1.73)
Unk. () 2/34216  0/30980 X
1
(b) Mean LAD dose (Gy) (y;=1.5; p=10.2) !
<4 (1.6) 260/63905 212/58526 159  102.6 +—&— 1.17 (0.96-1.42)
4-8(5.7) 0/69 0/88 '
8+ (21.4) 443/86004 336/80453 50.3 1635 —— 1.36 (1.17-1.59)
Unk. () 2/34216  0/30980 !
1
(c) Mean right coronary artery dose (Gy) (3 =2.7; p =0.1) !
<4 (2.1) 162/59449 130/54638 8.7 68.2 — 1.14 (0.90-1.44)
4-8 (5.5) 117/31476  88/27525 4.0 38.9 — 1.11 (0.81-1.52)
8+ (15.2) 424/59053  330/56905 560 164.5 -l 1.41 (1.21-1.64)
Unk. (.) 2/34216  0/30980 '
1
(d) Mean Circumflex dose (Gy) (x>=2.9; p = 0.09) :
<4 (1.9) 431/113129 327/102754 340 166.8 —— 1.23 (1.05-1.43)
4-8(6.1) 104/15034 118/14564 47 404 —-— 1.12 (0.83-1.53)
8+ (13.1) 168/21815 103/21749 30.0 60.7 —— 1.64 (1.27-2.11)
Unk. (.) 2/34216  0/30980 X
1
(e) Mean heart EDQ2 dose (Gy) (xf =7.7; p = 0.005) '
<4 (2.0) 218/78548 185/70729 6.6 90.5 —r—t 1.08 (0.88-1.32)
4-8(6.0) 285/44264 240/41477 249  106.3 —— 1.26 (1.05-1.53)
8+ (12.1) 200/27166  123/26861 37.1 71.7 —a— 1.68 (1.33-2.11)
Unk. (.) 2/34216  0/30980 '
1
(f) Mean LAD EDQ2 dose (Gy) (x5 =2.0; p =0.2) :
<4 (0.9) 260/63974 212/58614 159 1026 - 1.17 (0.96-1.42)
4-8(74) 59/10084  57/9884 15 18.0 : 1.09 (0.68-1.73)
8+ (22.3) 384/75020 279/70569  48.8 1455 —— 1.40 (1.19-1.65)
Unk. (.) 2/34216  0/30980 X
1
(g) Mean right coronary EDQ2 dose (Gy) ( xf =01;p=0.7) '
<4 (1.5) 219/76752 167/69366 1.3 86.7 1| 1.14 (0.92-1.41)
4-8(6.1) 185/34647 122/33503 320 64.3 —.— 1.64 (1.29-2.10)
8+ (15.3) 299/38579 259/36198 243 1185 —a— 1.23 (1.03-1.47)
Unk. (.) 2/34216  0/30980 '
1
1
(h) Mean Circumflex EDQ2 dose (Gy) (= 4.9; p = 0.03) .
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The average mean dose is shown for each category level. The average of left and right dose was used for women with unknown
laterality. LAD=Left anterior descending coronary artery, EQD2=Equivalent dose in 2 gray fractions.
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Figure S14c. Heart disease mortality rate ratio (RR) by trial-specific mean radiation dose, converted to equivalent
mean dose in 2 Gy fractions, to the heart

The line was estimated using doses for individual women. Squares (with areas proportional to information content) show EQD2
dose categories <4, 4-8, and 8+ Gy, with mean doses 2.0, 6.0, and 12.1 EQD2 Gy.
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Figure S15. Estimated effects among 60-year-old smokers and non-smokers of typical 2010s radiotherapy
regimens on mortality from (a) lung cancer and (b) ischaemic heart disease (IHD)

Epidemiological estimates of the risks without radiotherapy are multiplied by the rate ratios attributed to 5 Gy whole-lung dose
and 4 Gy whole-heart dose (see Methods S1 for methodology).
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Methods S2. Systematic review of heart and lung doses from breast cancer radiotherapy, 2010-2015
Study identification

Embase and SCOPUS databases were searched to identify publications with the following terms in the title or
abstract: dos* AND breast* AND cancer*/carcinom*/tumor*/tumour* AND radiation/radiotherap*. Reference
sections of relevant publications were scanned to identify further studies.

Study eligibility criteria

Studies were identified using PRISMA guidelines [PRISMA statement]. Studies published between 1/1/2010-
12/31/2015 and reporting whole heart dose (i.e., dose averaged over the whole heart) and/or mean total lung dose,
mean ipsilateral lung dose, or mean contralateral lung dose for specific regimens were eligible. Eligibility was not
affected by whether the radiotherapy plans were subsequently delivered to patients. Studies reporting heart or lung
doses from tumour bed boost radiotherapy alone were excluded.

Data collation

For each regimen in each eligible study, the following quantities were abstracted if available: mean heart dose, mean
ipsilateral lung dose, mean contralateral lung dose, mean combined lung dose (ipsilateral and contralateral lungs
together).

Calculation of typical 2010s heart dose (see Taylor 2015 for details of methodology)

The typical 2010s heart dose from left breast cancer radiotherapy was calculated as follows. For each regimen, the
mean whole heart dose was abstracted i.e. the arithmetic mean of the whole heart doses for the CT plans used for
the regimen. Mean whole heart dose was reported for 525 left radiotherapy regimens, and the average of these 525
doses was 5.2 Gy (IQR 1.9-7.4).

The typical 2010s heart dose from right-sided regimens was calculated in the same way. Mean whole heart dose was
reported in 86 right breast cancer regimens, and the average of these 86 heart doses was 3.7 Gy (IQR 1.2-5.0).

The typical heart doses from left-sided (5.2 Gy) and right-sided (3.7 Gy) radiotherapy were themselves averaged to
give 4.4 Gy typical heart dose from 2010s breast cancer radiotherapy assuming approximately equal numbers of

women are irradiated for left and right-sided breast cancer.
Calculation of typical 2010s combined lung dose

Whole ipsilateral lung dose was reported for 471 regimens, and the average of these 471 doses was 9.0 Gy (IQR 5.5-
12.6). Whole contralateral lung dose was reported for 219 regimens. The average of these 219 doses was 2.4 Gy (IQR
0.4-3.8). Typical ipsilateral and contralateral lung doses were averaged to calculate 5.7 Gy typical combined lung

dose for 2010s breast cancer radiotherapy.

Finally, the 104 regimens that reported only total combined lung dose (rather than ipsilateral and contralateral lungs
separately) were considered. Coincidentally, in these regimens, the combined lung dose was also 5.7 Gy.

A similar calculation based on publications between 1/1/2010-1/6/2015 i.e. excluding the final 6 months of year
2015, yielded 4.3 Gy typical 2010s heart dose and 5.3 Gy typical 2010s combined lung dose. Hence the values of
typical 2010s doses vary slightly according to the time period included.

The typical 2010s heart and combined lung doses were rounded to 4 Gy heart dose and 5 Gy whole lung dose and
used to estimate the absolute hazards of typical 2010s breast cancer radiotherapy (figure 3).
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Table 1: Data availability from trials of radiotherapy vs not that began by the year 2000*

Woman-years (thousands)
Trial characteristics without recurrence, Deaths
by years since entry

Women
No. of Without A
Surgery °.0 Median (IQR) <10 1019 20+ ithou ny
trials Number . recurrence cause
randomisaton year
Mastectomy 36 16,156 1975 (1972-1983) 96 42 13 2921 11,201
BCS 18 11,655 1992 (1987-1997) 77 18 1 1270 3260
Varioust 17 9066 1976 (1972-1983) 59 29 10 1666 5512
BCS for DCIS 4 3904 1992 (1990-1995) 25 5 0 207 372
All trials 75 40,781 1983 (1974-1989) 257 94 24 6064 20,345

BCS = breast conserving surgery, DCIS = ductal carcinoma-in-situ.

* Individual trial details are in Table S3. For balance, unirradiated controls in six 3-arm trials are counted twice, and four of these
trials contribute to two categories of surgery. Datasets were not available from 11 trials which included about 2000 women.

T In some of these trials the control group had more surgery than the radiotherapy group.
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Table 2: Effect of allocation to radiotherapy (RT) on incidence of second cancers and on
mortality from causes other than breast cancer

Number of first events or deaths

(total woman-years)

Adjusted .
al NoRT e:(cess* Rate ratio P Value
(194957) (180250) (95% Cl) (95% ClI)
Second cancer incidence of specified site
without prior breast cancer recurrence
Contralateral breast 881 673 130 (56-204) 1.20(1.08—1.33) 0.0006
Leukaemia 43 23 17 (2-33) 1.71(1.05—2.79) 0.03
Lung, years 0-9 71 60 5(-17-27) 1.08 (0.76—1.53) 0.66
Lung, years 10+ 94 40 47 (25-69) 2.10(1.48—2.98) <0.0001
Pleura 3 0 2 (-1-5) - 0.18
Oesophagus 23 10 13 (3-24) 2.42(1.19—4.92) 0.01
Pancreas 42 25 14 (0-29) 1.64 (0.98—2.76) 0.06
Stomach 55 63 -12 (-32-8) 0.80(0.55—1.17) 0.25
Large intestine 164 136 19 (-14-51) 1.15(0.91—1.45) 0.26
Ovary 68 68 -1(-22-21) 0.99 (0.70—1.41) 0.95
Endometrium 109 83 20 (-6-47) 1.26 (0.94—1.69) 0.12
Cervix 31 27 2 (-13-16) 1.06 (0.62—1.83) 0.83
Melanoma 32 25 7 (-8-21) 1.28(0.75—2.19) 0.36
Soft tissue 23 17 6 (-6-17) 1.36 (0.71—2.59) 0.35
Lymphoma 45 41 4 (-14-21) 1.09 (0.71—1.70) 0.69
Other specified site 171 143 5 (-7-58) 1.20(0.95—1.51) 0.13
All sites except breast 974 761 168 (90-246) 1.23 (1.12—1.36) <0.0001
Death without breast cancer recurrence
Ischaemic heart disease 424 327 90 (39-140) 1.31(1.13—1.53) 0.0005
Heart failure 63 33 28 (10-46) 1.94(1.27—2.98) 0.002
Heart valve disease 31 15 14 (1-26) 1.97 (1.07—3.67) 0.03
Other heart disease 187 173 11 (-14-36) 1.08 (0.86—1.35) 0.52
Subtotal: All cardiac 705 548 143 (78-208) 1.30(1.15—1.46) <0.0001
Cancer of specified site 475 375 67 (12-121) 1.19(1.03—1.37) 0.02
Other specified cause 638 629 6 (-78-91) 1.01(0.90—1.14) 0.83
Subtotal: Specified cause 1818 1552 216(111-322) 1.16 (1.08—1.25) <0.0001
Unspecified cause 1413 1281 153 (58-247) 1.14 (1.05—1.24) 0.002
All causes of death except breast cancer 3231 2833 369 (228-510) 1.15(1.09—1.22) <0.0001

* The adjusted excess number of events (or deaths) in the RT group is calculated as twice the logrank Observed minus Expected
(see Methods S1 for details) and allows for RT delaying recurrence.

Cancer incidence: Excludes non-melanoma skin cancer. Other specified sites include uterus, part unspecified.
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Figure 1: Effect of allocation to radiotherapy (RT) on contralateral breast cancer and on

lung cancer incidence (years 10+)

Contralateral breast cancer incidence (65 trials)

Lung cancer incidence during years 10+ (30 trials)
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Figure 2: Heart disease mortality rate ratio (RR) by trial-specific mean radiation dose to
the heart

The line was estimated using doses for individual women. Squares (with areas proportional to information content) show dose
categories <4, 4-8, and 8+ Gy, with mean doses 2.1, 5.8, and 12.6 Gy.
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Figure 3: Estimated effects among 50-year-old smokers and non-smokers of typical 2010s

radiotherapy regimens on mortality from (a) lung cancer and (b) ischaemic heart disease
(IHD)

Epidemiological estimates of the risks without radiotherapy are multiplied by the rate ratios attributed to 5 Gy
whole-lung dose and 4 Gy whole-heart dose (see Methods S1 for methodology).
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