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Radiotherapy to regional nodes in early breast cancer:
an individual patient data meta-analysis of 14324 women in
16 trials

Early Breast Cancer Trialists’ Collaborative Group (EBCTCG)*

Summary

Background Radiotherapy has become much better targeted since the 1980s, improving both safety and efficacy. In
breast cancer, radiotherapy to regional lymph nodes aims to reduce risks of recurrence and death. Its effects have
been studied in randomised trials, some before the 1980s and some after. We aimed to assess the effects of regional
node radiotherapy in these two eras.

Methods In this meta-analysis of individual patient data, we sought data from all randomised trials of regional lymph
node radiotherapy versus no regional lymph node radiotherapy in women with early breast cancer (including one
study that irradiated lymph nodes only if the cancer was right-sided). Trials were identified through the EBCTCG’s
regular systematic searches of databases including MEDLINE, Embase, the Cochrane Library, and meeting abstracts.
Trials were eligible if they began before Jan 1, 2009. The only systematic difference between treatment groups was in
regional node radiotherapy (to the internal mammary chain, supraclavicular fossa, or axilla, or any combinations of
these). Primary outcomes were recurrence at any site, breast cancer mortality, non-breast-cancer mortality, and all-
cause mortality. Data were supplied by trialists and standardised into a format suitable for analysis. A summary of the
formatted data was returned to trialists for verification. Log-rank analyses yielded first-event rate ratios (RRs) and
confidence intervals.

Findings We found 17 eligible trials, 16 of which had available data (for 14 324 participants), and one of which
(henceforth excluded), had unavailable data (for 165 participants). In the eight newer trials (12167 patients), which
started during 1989-2008, regional node radiotherapy significantly reduced recurrence (rate ratio 0-88, 95% CI
0-81-0-95; p=0-0008). The main effect was on distant recurrence as few regional node recurrences were reported.
Radiotherapy significantly reduced breast cancer mortality (RR 0-87, 95% CI 0-80-0-94; p=0-0010), with no
significant effect on non-breast-cancer mortality (0-97, 0-84-1-11; p=0-63), leading to significantly reduced all-
cause mortality (0-90, 0-84-0-96; p=0-0022). In an illustrative calculation, estimated absolute reductions in 15-year
breast cancer mortality were 1-6% for women with no positive axillary nodes, 2-7% for those with one to three
positive axillary nodes, and 4-5% for those with four or more positive axillary nodes. In the eight older trials
(2157 patients), which started during 1961-78, regional node radiotherapy had little effect on breast cancer mortality
(RR 1-04, 95% CI 0-91-1-20; p=0-55), but significantly increased non-breast-cancer mortality (1-42, 1-18-1-71;
p=0-00023), with risk mainly after year 20, and all-cause mortality (1-17, 1-04-1-31; p=0-0067).

Interpretation Regional node radiotherapy significantly reduced breast cancer mortality and all-cause mortality in
trials done after the 1980s, but not in older trials. These contrasting findings could reflect radiotherapy improvements
since the 1980s.

Funding Cancer Research UK, Medical Research Council.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0
license.

Introduction
During the past five decades, there have been major

breast tissue, the chest wall, or the regional lymph
nodes that could, if untreated, lead to recurrence and

changes in radiotherapy. Doses to target regions have
become more uniform and unwanted incidental
irradiation of nearby organs has been reduced, limiting
side-effects.! These changes have improved outcomes in
many cancer types.

Radiotherapy is often given after surgery for early
breast cancer.’ Although surgery can remove macro-
scopic disease, microscopic tumour foci can remain in

death. Trials have shown that, following breast-
conserving surgery or following mastectomy for node-
positive disease, postoperative radiotherapy can reduce
breast cancer mortality.** Some of those trials irradiated
just the breast or chest wall, but others also irradiated
some of the regional lymph nodes. It is not known how
much of the effect of radiotherapy was due to this nodal
irradiation. Several trials, however, have been conducted
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Research in context

Evidence before this study

Previous Early Breast Cancer Trialists’ Collaborative Group
(EBCTCG) meta-analyses have shown that radiotherapy after
breast-conserving surgery, or after mastectomy in node-positive
disease, reduces breast cancer recurrence and mortality. Some of
those trials irradiated just the breast or chest wall, but others
also irradiated some of the regional lymph nodes, and it is not
known how much of the protective effect was due to irradiation
of the nodes. The separate effects of irradiating regional lymph
nodes after surgery have been assessed in individual trials. The
EBCTCG's ongoing searches of bibliographic databases including
MEDLINE, Embase, the Cochrane Library and relevant meeting
abstracts identified 17 trials which started before 2009 and
compared radiotherapy to regional lymph nodes versus no
radiotherapy to regional lymph nodes, with randomisation, or
allocation by tumour laterality, but did not identify any
individual patient data meta-analyses.

Added value of this study

This collaborative meta-analysis collated, checked, and
analysed individual patient data on 14324 women in 16 trials
that started during 1961-2008 and assessed the effects of
irradiating the internal mammary chain, supraclavicular fossa,
and axillary lymph nodes. The trials were done during the past
six decades. During this time, there were major changes in
breast cancer radiotherapy, and these are reflected by our
findings. Eight trials, which started during 1961-78 assessed
older radiotherapy techniques and did not usually involve
radiotherapy to the chest wall in node-positive disease.
Radiotherapy in these trials did not reduce breast cancer
mortality. Eight trials, which started during 1989-2008

in which the only difference between the two treatment
groups involved irradiation of regional lymph nodes in
one or more of three sites: the internal mammary chain,
supraclavicular fossa, and axilla.

These trials recruited patients over many
decades (1961-2013) and, during this time, regional
node radiotherapy changed substantially In the
1960s and 1970s, radiotherapy typically involved photon
beams that often irradiated the heart and lungs.** In the
1980s and 1990s, these techniques were replaced by more
tailored methods that involved much lower exposure of
the heart and lungs, and more uniform coverage of target
regions.! We therefore categorised regional node
radiotherapy trials as older (1961-78) or newer (1989-2008).

The main mortality risks from the side-effects of
regional node radiotherapy, heart disease and lung
cancer, vary according to organ dose.’ The risks from
particular regimens can be estimated by combining
regimen-specific heart and lung doses with dose-
response relationships, perhaps using the Early Breast
Cancer Trialists’ Collaborative Group (EBCTCG) meta-
analysis of radiotherapy risks.’

assessed more tailored radiotherapy. Most of these newer trials
assessed the addition of regional node irradiation to chest wall
or breast radiotherapy in node-positive disease. In analyses of
data on 12 167 women, regional node radiotherapy
significantly reduced breast cancer recurrence, breast cancer
mortality, and all-cause mortality. With 15 years of follow-up,
no increase was seen in non-breast-cancer mortality. This meta-
analysis provides more precise estimates of the effects of
regional node radiotherapy than the individual trials. Absolute
improvements in breast cancer recurrence and mortality from
regional node radiotherapy in the 1990s-2000s were greatest
for women with the highest breast cancer recurrence and
mortality risks. The absolute reductions in 15-year breast cancer
mortality were 1-2% for women with no positive axillary lymph
nodes, 2-3% for those with one to three positive nodes, and
4-5% for those with four or more positive nodes.

Implications of all the available evidence

Our results show the benefits of irradiating the regional lymph
nodes in women who also receive effective local and systemic
therapies. For women being considered for radiotherapy today,
the proportional benefits of regional node radiotherapy could
be greater than those in the newer trials due to further
improvements in radiotherapy. The absolute breast cancer
mortality benefits could be somewhat lower than in the trials
due to reductions in population breast cancer death rates. Our
findings have implications for policy and for patients.
Implementation of regional node radiotherapy could improve
breast cancer survival at little or no additional cost. Clinicians
and patients can use this information to estimate survival gains
from regional node radiotherapy in shared decision making.

The main aim of this meta-analysis was to assess the
effects of regional node radiotherapy on breast cancer
recurrence and mortality, reporting separate meta-analyses
of the newer and older trials. Statistically stable results
among all patients have been accompanied by exploratory
results subdivided by the nodal regions irradiated and by
the nature and location of the tumour.

Methods

Search strategy and selection criteria

We performed a meta-analysis of individual patient data
from randomised trials that started before 2009 and
assessed the effects of radiotherapy versus no
radiotherapy to particular lymph node regions that
included some or all of the internal mammary chain,
supraclavicular fossa (node level medial 3 and 4)’ and
axilla (node levels 1-3; appendix p 3).

Eligible studies included randomisation or, in the
Danish Breast Cancer Group (DBCG) study, allocation by
laterality (left-sided vs right-sided tumours), in which the
only difference between treatment groups was the use, or
extent, of nodal irradiation. We term all these studies as
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trials. Surgery, any radiotherapy to the breast or chest
wall, and systemic therapies had to be the same in both
trial groups to obtain unconfounded evidence of the
effects of regional node radiotherapy. Identification of
published and unpublished trials and obtaining the most
up-to-date outcome data from these trials involved the
EBCTCG’s regular systematic searches of databases
including MEDLINE, Embase, the Cochrane Library and
meeting abstracts, and conference proceedings, plus
extensive input from the EBCTCG steering committee
and collaborative group (appendix pp 4-6). Data handling
was as reported previously*® The EBCTCG methods
conform to PRISMA (Individual Patient Data)."

Unbiasedness of EBCTCG meta-analyses depends not
on whether there would have been publication bias if the
dataset had been restricted to published data (for it was
not), but whether, despite all efforts, any material
ascertainment bias remains. Formal statistical tests for
publication bias or ascertainment bias are weak, so some
bias might have escaped them, so although the results of
formal tests of ascertainment bias have been reported
(finding no significant evidence for ascertainment bias in
the EBCTCG dataset), judgements about the potential for
such bias should chiefly be based on understanding
EBCTCG procedures for identifying randomised trials and
obtaining and updating their results (appendix p 4).

For every woman, information was sought about
patient and tumour characteristics, allocated treatment,
time to and site of recurrence, time to any contralateral
or second cancer before recurrence, and date last known
to be alive or date and cause of death.

Before any analyses, trials were categorised according
to radiotherapy technique: older trials with direct
anterior photon beams alone, all of which started during
1961-78, and newer trials with more tailored techniques,
all of which started during 1989-2008 (appendix
pp 15, 16-18, 20). The follow-up period spanned between
1961 and 2020. A full list of the search terms used is
provided in the appendix (p 5).

Data analysis

Although recurrence in the regional nodes could be a
relevant endpoint, few nodal recurrences were reported,
which could have been partly because routine clinical
follow-up can miss nodal recurrences, particularly in the
internal mammary chain nodes (appendix p 24). The
main recurrence endpoint was therefore time to first
breast cancer recurrence at any site (ie, locoregional
recurrence, newly incident ipsilateral disease, or distant
metastasis) as a first event. Subsidiary analyses were
provided of recurrence at any locoregional site as a first
event (occurring at least 7 days before any other event)
and distant recurrence as an event at any time.

Deaths from an unknown cause before recurrence were
assumed to be from causes other than breast cancer as
most occurred many years after trial entry, by which time
non-breast-cancer mortality predominated. Log-rank

analyses (appendix p 10) were stratified by trial, single
year of follow-up, age at entry (<40 years, 40-49 years,
50-59 years, 60—69 years, or =70 years), and nodal status,
classified as pNO (pathologically node-negative), pN1-3
(one to three involved axillary nodes), or pN4+
(four or more involved axillary nodes). If pathological
nodal status was unavailable, clinical nodal status was
used, classified as cN— (clinically node-negative), or other
(clinically node-positive, or unknown).

For each outcome, log-rank analyses were of the first
occurrence of that event, and yield estimates, with 95% Cls,
of the overall event rate ratio (RR). The overall RR reflects a
weighted average of the RRs in specific circumstances.
Calculation of the overall RR does not, however, imply that
the true event RR is identical in all these circumstances,
and exploratory analyses cite separate RRs for particular
follow-up periods, strata, and trials.

In the DBCG study (with 3089 women), internal
mammary chain radiotherapy was allocated on the basis
of laterality rather than from randomisation,” which
could be considered equivalent to mendelian
randomisation. The Danish national protocol during
the study period was to irradiate the internal mammary
chain of women with right breast cancer, but not of
women with left breast cancer. All eligible Danish women
were analysed, including those who did not get protocol
treatment. Women with right breast cancer were
analysed as allocated to internal mammary chain
irradiation. Women with left breast cancer were
analysed as allocated to no internal mammary chain
irradiation. For heart disease mortality, analyses
compared higher versus lower heart dose trial groups.
For the DBCG study, analyses were of left breast cancer
with no nodal radiotherapy (higher dose) versus right
breast cancer with nodal radiotherapy (lower dose),
whereas for all other trials, analyses were of nodal
versus no nodal radiotherapy. Analyses of contralateral
breast cancer incidence, and sensitivity analyses
excluded the DBCG study (appendix p 10).

To give more reliable estimates of the absolute effects
of regional node radiotherapy on 15-year cumulative risk
according to nodal status in the newer trials, the overall
RRs for any recurrence and breast cancer death were
applied to the annual rates of recurrence and breast
cancer death in the trials, averaged over treatment
groups. Heterogeneity between studies was assessed
using a chi-square test. The chi-square test was also used
to assess heterogeneity between subtotals (when studies
were grouped as in table 1) and to assess the residual
heterogeneity between studies after accounting for
differences between groups. Bespoke scripts for log-rank
analyses were written in Stata (version 17).

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, writing
of the manuscript, or the decision to submit.
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Number Numberof Number Woman-years since diagnosis Women given systemic
of trials  women of deaths therapy, %
Median follow-up  Total Distribution by years ('000s) ~ Chemo-  ER+and  Any
(IQR) ('000s) therapy*  endocrine
therapy
<10 10to<20 =20

Older trials (1961-78)t

IMC, SCF, and axillat 7 1940 1424 293 (16-3-41-8) 239 135 65 39 22:6% 0-0% 22:6%

IMC

SCF and axilla§ 1 217 117 9-9 (9-5-10-0) 1.5 1.5 0-0 0-0 0-0% 0-0% 0-0%

Subtotal 8 2157 1541 256 (12-4-41.7) 254 150 65 39 20-3% 0-0% 20-3%

Newer trials (1989 onwards)t

IMC, SCF, axillat 2 5836 1446 135 (10-1-16-2) 66-7 50-6 161 0-0 66-0% 60-4% 89-2%

IMCqT 4 5420 2041 14-3 (11-2-15-8) 586 436 13-8 13 58-8% 60-9% 91:9%

SCF and axilla§ 2 911 107 5.4 (3-2-11-4) 6-8 5.2 1.5 01 55-9% 65-1% 92:5%

Subtotal 8 12167 3594 13:7(9-9-16-0) 1321 993 314 14 62:0% 61-0% 90-7%

All trials

IMC, SCF, and axillat 9 7776 2870 14-1(10-4-17-4) 90-6 64-1 22:6 40 55-2% 45-3% 72:6%

IMC 4 5420 2041 14-3 (11-2-15-8) 586 436 13-8 13 58-8% 60-9% 91-9%

SCF and axilla§ 3 1128 224 63 (3-6-112) 82 6-6 15 01 451% 52:6% 74:7%

All 16 14324 5135 14-0 (10-0-16-4) 1575 114-3 379 54 55-7% 51-8% 80-1%
Treatment to the breast and chest wall was the same in both groups and might have included radiotherapy. IMC=internal mammary chain. SCF=supraclavicular fossa (level
medial 3/4). Axilla=nodes in levels 1-3. ER=oestrogen receptor. *In women who received chemotherapy, the type given was anthracycline (no taxane) in 2079 (26-0%) of
7986 women, taxane-containing in 1254 (15-7%) women, and unknown or other in 4653 (58-3%) women. In the newer trials, chemotherapy was received by 7548 (62-0%)
of 12167 women and endocrine therapy by 7421 (61-0%) women. tData were available for 16 trials, start dates from 1961 to 2008, and unavailable for one trial including
165 women, starting in 1985 (appendix pp 17-20). +IMC, SCF, and axilla: two trials were IMC and SCF radiotherapy versus no radiotherapy to these nodal regions
(4060 women), and seven were IMC, SCF, and axilla radiotherapy versus no radiotherapy to these nodal regions (3716 women). SSCF and axilla: one trial was axilla
radiotherapy versus no radiotherapy to this nodal region (435 women), one trial was SCF radiotherapy versus no radiotherapy to this nodal region (476 women), and one
trial was SCF and axilla radiotherapy versus no radiotherapy to these nodal regions (217 women). IMC: all four trials were IMC radiotherapy versus no radiotherapy to this
nodal region (5420 women) including a study in which nodal radiotherapy was allocated by laterality. Patients with right breast cancers received IMC radiotherapy, and
patients with left breast cancers did not.
Table 1: Availability of data from trials beginning before 2009 and comparing radiotherapy versus no radiotherapy to the regional nodes

Results

Information was available on 98-9% (14 324 of 14489) of
the women in all relevant trials (16 trials; appendix p 18)
with 14 324 participants available and one trial, henceforth
ignored, with 165 participants unavailable (table I;
appendix pp 17-23). There were differences between
available trials in the outcomes recorded, and for
one of them,"” the only outcome recorded was death from
any cause. Median follow-up was 14-0 woman-years
(IQR 10-0-16-4), with 3838 (29-5%) of 12990 women
with a (first) breast cancer recurrence, 3230 (24-9%) of
12990 women who died with recurrence, and 5135
(35-8%) of 14324 women who died overall
(appendix pp 21, 22).

The most frequent comparison was of internal
mammary chain radiotherapy versus no internal
mammary chain radiotherapy, with 5420 women
randomised in four trials (including 3089 women
allocated by laterality). Other comparisons were of
internal mammary chain and supraclavicular fossa
radiotherapy versus no radiotherapy to these nodal
regions (n=4060) and of internal mammary chain,
supraclavicular fossa, and axilla radiotherapy versus no
radiotherapy to these nodal regions (n=3716). The

three trials without internal mammary chain irradiation
involvedsupraclavicularfossaoraxillaradiotherapyorboth
versus no radiotherapy to these nodal regions
(n=1128; appendix p 18).

For details of each trial, see the appendix (pp 16-22). In
the eight older trials, which started during 1961-78,
radiotherapy used only direct anterior photon beams,
with field-based radiotherapy planning. Most older trials
did not include chest wall radiotherapy for node-positive
disease, so the comparison was usually radiotherapy to
regional nodes versus no radiotherapy.

In the eight newer trials, which started during
1989-2008, radiotherapy was more tailored. In
seven of these trials, radiotherapy quality assurance was
conducted. In the eighth trial®, mixed energy fields were
used to optimise doses. In contrast to the older trials, all
newer trials included breast or chest wall radiotherapy
for most or all of the women in both treatment groups,
so they compared more versus less radiotherapy. There
was a 10-year gap (1978-89) between the start dates of the
last of the older and the first of the newer trials.

Axillary dissection was recommended for all patients in
12 trials. Two trials included patients after sentinel node
biopsy or axillary dissection and there was no axillary
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surgery in two trials. Pathological node status was available
for only 51-1% (1103 of 2157) of the women in the older
trials, but for 96-1% (11693 of 12167) women in the newer
trials. Breast surgery was Dbreast-conserving for
1-6% (34 of 2157) of women in the older trials and for
57-7% (7017 of 12167) of women in the newer trials. In the
older trials, few women (438 [20-3%] of 2157) had
chemotherapy and none were recorded as having endo-
crine therapy, but in the newer trials, 62-0% (7548
0f12167) had chemotherapy and 61-0% (7421 of 12167) had
endocrine therapy for oestrogen receptor-positive cancer.

Figure 1 combines results from the 15 older and newer
trials with information on breast cancer outcomes,
regardless of any differences in radiotherapy technique.
Averaging the results from these trials, regional node
radiotherapy somewhat reduced the overall risk of breast
cancer recurrence (RR 0-90, 95% CI 0-84-0-96; p=0-0020)
and of breast cancer mortality (0-91, 0-85-0-98; p=0-012).

Analyses of any recurrence, locoregional recurrence,
distant recurrence, breast cancer mortality, non-breast-
cancer mortality, heart disease mortality, second cancer
incidence, contralateral breast cancer, and all deaths by
individual trial are shown in the appendix (pp 25-33).
Comparisons of older and newer trials are shown in the
appendix (p 34). An analysis of lymphoedema in the newer
trials is shown in the appendix (p 36). For other toxicity
endpoints, data from trial publications are summarised in
the appendix (p 23). Subsequent analyses consider the
effects of regional node radiotherapy in the newer and in
the older trials separately. Tests of publication bias took
account of trial era, and all p values were greater than 0-1.

In the eight newer trials (total 12167 women), median
follow-up was 13-7 (IQR 9:9-16-0) woman-years with
3594 deaths from any cause (table 1). In the seven trials
(total 10833 women) with breast cancer outcome data,
there were 2824 recurrences and 2260 deaths with
recurrence (appendix p 21). The eight newer trials
assessed radiotherapy to various sites, generally
including the internal mammary chain (sites randomised:
internal mammary chain only in four trials, 5420 women
[including 3089 allocated by laterality]; internal mammary
chain and supraclavicular fossa in one trial, 4004 women;
internal mammary chain, supraclavicular fossa, and
axilla in one trial, 1832 women; supraclavicular fossa in
one trial, 476 women; axilla in one trial, 435 women;
appendix p 33).

In the seven newer trials with information on breast
cancer outcomes, regional node radiotherapy reduced
overall breast cancer recurrence (RR 0-88, 95% CI
0-81-0-95; p=0-00083; figure 2). Few regional node
recurrences were reported (appendix p 24), so the main
effect was on distant recurrence (0-86, 0-80-0-93;
p=0-00026; appendix p 35). Radiotherapy significantly
reduced breast cancer mortality (0-87, 0-80-0-94;
p=0-0010; figure 2) with no significant effect on non-
breast-cancer mortality (0-97, 0-84-1-11; p=0-63;
figure 2) or on heart disease mortality, contralateral
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Figure 1: Effect of regional node radiotherapy on (A) any recurrence and (B) breast cancer mortality in
12990 women in 15 trials

2157 women in eight older trials and 10 833 women in seven newer trials. One newer trial of 1334 women that
reported only all-cause mortality was excluded. RR=rate ratio.

breast cancer incidence, or other second cancer
incidence (appendix pp 30-32). Considering all
eight newer trials, regional node radiotherapy
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2:70% (760/28173) 2-83% (607/21467)
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-47-0/334-5 -327/277+4

2:96% (382/12916) 3-46% (128/3700)

3-14% (395/12566) 2:99% (108/3606)

0-90(078-1.04) 120 (0-91-1.58)
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significantly reduced overall mortality (0-90, 0-84-0-96;
p=0-0022; figure 2). The absolute 15-year gains
were 2-6% (95% CI 0-6—4-6) for any recurrence,
3.0% (1-1-4-9) for breast cancer mortality, and
3-0% (1-0-5-0) for overall mortality.

Repeating these analyses excluding the study that
allocated radiotherapy according to laterality did not
materially change the results (any recurrence RR 0-86,

95% CI 0-78-0-95; p=0-0025; breast cancer

Figure 2: Effect of regional node radiotherapy in the eight newer trials on (A) any recurrence, (B) breast cancer mortality, (C) non-breast-cancer mortality, and (D) any death
One newer trial of 1334 women that reported only all-cause mortality is included only in graph D. RR=rate ratio.

mortality 0-85,0-76-0-95; p=0-0051; and any death 0-93,
0-85-1-01; p=0-087; appendix pp 40—42).

Internal mammary chain or supraclavicular fossa
radiotherapy should not cause lymphoedema, and only
one of the two newer trials (the MA.20 trial) that
randomised axillary radiotherapy (appendix p 20)
provided lymphoedema data. In the MA.20 trial,
lymphoedema rates (after axillary dissection or sentinel
node biopsy) were 8-3% (76 of 916) with nodal
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A Events/women Regional radiotherapy events Rate ratio (95% Cl)

Allocated regional Allocated no regional Log-rank Variance

radiotherapy radiotherapy O-E of O-E
Age at entry (years)
<40 153/425 155/429 -4-0 70-2 4.17 0-94 (0-75-119)
40-49 342/1462 389/1500 -28-8 1736 E = 0-85 (0-73-0-98)
50-59 437/1874 509/1929 -29-0 225-8 -.— 0-88 (0-77-1-00)
60-69 346/1327 391/1365 -17:9 173-4 — 0-90 (0:78-1:05)
=70 48/271 54/251 -6-6 23-8 — 076 (0-51-1-13)
X:=01;p=0-81
Nodal status :
pNO 194/1093 228/1095 -183 101.9 —— 0-84 (0-69-1-01)
pN1-3 603/2812 682/2910 -31.6 3110 ‘.'I 0-90 (0-81-1-01)
pN4+ 502/1219 553/1232 -324 2395 E & 0-87(0-77-0-99)
pN unknown 27/235 35/237 -4.0 14.4 —_— 076 (0-45-1-27)
1£=0-0;p=0-85
Grade
Low grade 111/672 140/689 -142 59.5 — 079 (0-61-1-02)
Intermediate grade 377/1442 405/1488 -91 1824 + 0-95 (0-82-1-10)
High grade 302/1072 371/1130 -30-6 150-4 - 0-82 (0:70-0-96)
Unknown grade 536/2173 582/2167 -27-4 2656 ‘D‘ 0-90 (0-80-1-02)
X;=0-1;p=0-78 E
Tumour size :
1-20 mm 509/2774 589/2826 -36-3 2615 ‘-' 0-87(0-77-0-98)
21-50 mm 713/2286 789/2361 -35.9 349-5 .| 0-90 (0-81-1-00)
>50 mm 100/274 115/262 -131 40-8 —.—:— 0-73(0:53-0-99)
Unknown 4/25 5/25 01 12 ' 1.09 (0-18-6-50)
X:=0-1; p=0-71 :
ER status
ER poor 325/1138 399/1221 318 160-2 b 0-82 (0:70-0-96)
ER positive 923/3963 1024/4002 588 4643 . 0-88 (0-80-0-96)
ER unknown 78/258 75/251 0-8 312 _—h 1.03 (0:72-1.46)
X2=0-6; p=0-43
Breast quadrant H
Lateral 704/2601 742/2702 -121 3380 l 0-96 (0-87-1-07)
Medial or central 567/2409 691/2438 -64-5 2939 ‘ 0-80 (0-72-0-90)
Unknown 55/349 65/334 -9:5 257 a1 0-69 (0-47-1-02)
X2=53; p=0-021
Breast surgery H
BCS 707/3502 808/3515 542 3631 B 086 (078-0-95)
Mastectomy 619/1857 690/1958 -29:7 2999 .+ 0-91(0-81-1.01)
None, other, or unknown 0/0 0/1 '
X=0-4; p=0-52
Nodes irradiated f
IMC, SCF, and axilla 631/2918 727/2918 -56-6 326:6 ‘.’ 0-84 (0-75-0-94)
IMC 631/1982 704/2104 -28.5 309-7 ..l. 0-91(0-82-1:02)
SCF or axilla 64/459 67/452 -12 305 R 0-96 (0-67-137)
X=13;p=052
Use of systemic therapy
None reported 111/488 109/457 -11 50-1 0-98 (0-74-1-29)
Chemotherapy only 370/1189 412/1236 -18-8 1745 E 0-90 (0-77-1-04)
Endocrine only 403/1539 446/1606 -16-1 1995 0-92 (0-80-1-06)
Both 441/2135 531/2165 -53.0 2285 ' 0-79 (0-70-0-90)
Other or unknown 1/8 0/10
X;=3'5; p=0-32 E
Period of follow-up
Years 0-1 366/5359 432/5474 314 1840 - 084 (0-73-0-97)
Years 2-4 402/4852 477/4897 346 2068 E B 0-85 (0.74-0-97)
Years 5-9 362/4189 380/4149 -12:0 178:9 - 0-94 (0-81-1:08)
Years =10 196/2796 209/2729 -83 97-1 —-—— 0-92 (0-75-1-12)
X;=11;p=030
Overall 1326/5359 (24-7%)  1498/5474 (27-4%) -86-3 666-8 < 0-88 (0-81-0-95)
p=0-00083 T T - T 1

0 05 1.0 1.5 2:0

‘_ _>
Regional radiotherapy better ~Regional radiotherapy worse
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B Deaths/number of women Regional radiotherapy deaths Rate ratio (95% Cl)
Allocated regional Allocated no regional Log-rank Variance
radiotherapy radiotherapy 0-E of O-E
Age at entry (years)
<40 112/425 112/429 -32 527 —-— 0-94 (0-72-1-23)
40-49 255/1462 305/1500 -303 1335 —— 0-80 (0-67-0-94)
50-59 338/1874 399/1929 -231 1755 - 088 (0-76-1:02)
60-69 305/1327 340/1365 -13-6 150-0 —-'— 0-91(0-78-1.07)
270 43/271 51/251 -57 207 — 0-76 (0-49-1-17)
1=0-0; p=0-84 :
Nodal status
pNoO 126/1093 162/1095 -16.4 68:6 —— 079 (0-62-1-00)
pN1-3 481/2812 543/2910 237 2473 -- 0-91 (0-80-1-03)
pN4+ 437/1219 483/1232 -323 2105 - 0-86 (0-75-0-98)
pN unknown 9/235 19/237 35 60 _ 0-56 (0-25-1-24)
1£=0-1; p=0-82 :
Grade
Low grade 82/672 97/689 -43 415 ——— 0-90 (0-67-1-22)
Intermediate grade 293/1442 326/1488 -17-4 144-2 — 0-89 (0-75-1-04)
High grade 263/1072 317/1130 -21.8 1313 — 0-85 (0-71-1-01)
Figure 3: Subgroup analyses | Unknowngrade 415/2173 467/2167 -294 208:6 1H 0-87 (0-76-0-99)
for event rate ratiosand | X;=0-2P=0-67
95% Cls for (A) any Tumour size H
recurrence and (B) breast | 1-20mm 36312774 441/2826 -357 1897 - 083 (0-72-0-96)
cancer mortalityin | 21-50mm 601/2286 664/2361 -293 295-8 .-} 0-91(0-81-1.02)
10833 womeninthe | >50mm 85/274 100/262 -127 356 — 070 (0-50-0-97)
seven newer trials with data Unknown 4/25 2/25 08 05 4-95(0-31-79-19)
on recurrence by patient, X:=0-0; p=1-00
tumour, and treatment ER status .
factors, and period of ER poor 280/1138 347/1221 -27-5 1411 _._ 0-82 (0:70-0-97)
follow-up | ERpositive 710/3963 794/4002 -463 3561 . 0-88 (0.79-0-97)
Internal mammary chain, ER unknown 63/258 66/251 -35 263 T 0-88 (0-60-1-28)
supraclavicular fossa, and X:=0-4; p=0-51
axillaincluded one trial of IMC Breast quadrant
and SCF versus no Lateral 568/2601 607/2702 -161 2751 -E._ 0-94 (0-84-1-06)
radiotherapy to those nodal | Medial or central 453/2409 556/2438 517 2348 '— 0-80 (0.71-0-91)
regions and one trial of IMC, Unknown 32/349 44/334 7.8 148 ——i—| 0-59 (0-35-0-98)
SCF radiotherapy, and axilla 1£=3-3;p=0-069
radiotherapy versus no Breast surgery
radiotherapy to these nodal BCS 502/3502 590/3515 -43-9 2611 .— 0-85 (0:75-0-95)
regions. SCFand axilla | pastectomy 551/1857 617/1958 -29-8 2693 1 090 (079-1:01)
included one trial of axilla None, other, or unknown 0/0 o
radiotherapy versus no =04 p=0-51
raqiotherapyto t'his nodal Nodes irradiated
region, andonetrial of SCF 1y e and axilla 47212918 555/2918 -462 2464 3 0-83(073-094)
radmtherapy versus no IMC 544/1982 615/2104 307 2694 ._ 0-89 (0.79-1.01)
raldlotherapyto this nodal SCFor axilla 37/459 37/452 11 167 . 1.07 (0-66-1-73)
region. In graph B, the total *1.4: =049 :
numbers of deaths with TLoraip )
recurrence are cited (regardless Use of systemic therapy
of the causes of death), but the None reported 741488 741457 19 326 M 0:94(067-133)
analyses are of breast cancer Chemo.therapy only 316/1189 362/1236 -213 1542 _._ 0-87(0-74-1-02)
mortality, allowing (by log- Endocrine only 334/1539 371/1606 -12:3 1630 ".'l— 093 (0-80-1-08)
rank subtraction) forany | 2Ot 32812135 400/2165 431 1721 u; 078 (0-67-0-90)
mortality from non-breast Other or unknown 18 0/10
cancer causes after recurrence. | ;=29 P=0-40
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negative. N1-3=one to three Years =10 264/3198 289/3141 -15.5 1288 — 0-89 (0-75-1-05)
involved axillary lymph nodes. X,=07; p=0-41
N4+=four or more involved Overall 1053/5359 (19-6%)  1207/5474 (22-0%) -75-9 5324 e 0-87(0-80-0-94)
axillary lymph nodes. p=0-0010 T T T 1
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. “«— —>
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radiotherapy (to internal mammary chain, supraclavicular
fossa, and axilla) versus 4-5% (41 of 916) without
(appendix p 36).

Proportional reductions in recurrence and breast
cancer mortality did not vary significantly according to
most patient or tumour characteristics: age, nodal status,
grade, tumour size, and oestrogen receptor status. There
was some evidence to support a previous hypothesis that
the proportional effects of nodal radiotherapy were
greater for women with medial or central tumours than
for women with lateral tumours (p value for heterogeneity
of effect for medial or central vs lateral: any
recurrence 0-021; distant recurrence 0-052; breast cancer
mortality 0-069; overall mortality 0-40; figure 3;
appendix pp 37-38).

There was no significant variation in the RRs for any
recurrence or breast cancer mortality according to type of
breast surgery, nodal regions irradiated, use of systemic
therapy, or period of follow-up (figure 3). Repeating these
analyses excluding the study that allocated radiotherapy
according to laterality did not materially change the
results (appendix pp 39-42).

This lack of heterogeneity in the RRs for any recurrence
and breast cancer death means they can be applied to
annual rates of recurrence and breast cancer death
averaged over treatment groups for different subgroups
of women. These analyses showed that absolute gains
for different groups of women increased according to
their absolute risks of recurrence and breast cancer
mortality, with the greatest gains for the women with the
greatest risks (table 2). The estimated 15-year absolute
breast cancer recurrence reductions from mnodal
radiotherapy were 2-3% for women with node-negative
disease, 2-9% for women with one to three positive
axillary nodes, and 4-3% for women with four or more
positive nodes. The corresponding 15-year absolute
breast cancer mortality reductions were: 1-6%, 2-7%,
and 4-5%.

The eight older trials began during 1961-78 and
included 2157 women, with 1014 recurrences, 970 deaths
with recurrence, and 1541 deaths overall (table 1;
appendix pp 21-22). Median follow-up was 25-6 woman-
years (IQR 12-4-41.7; table 1). Seven of the eight older
trials assessed radiotherapy to the internal mammary
chain, supraclavicular fossa, and axilla (1940 women). The
other trial assessed radiotherapy to the supraclavicular
fossa and axilla (217 women).

In these older trials, regional node radiotherapy did
not reduce overall breast cancer recurrence (RR 0-98,
95% CI 0-85-1-12; p=0-74) or breast cancer
mortality (1-04, 0-91-1-20; p=0-55; appendix p 43).
Regional node radiotherapy significantly increased non-
breast-cancer mortality (1-42, 1-18-1-71; p=0-00023),
with little effect during the first 15 years, but a substantial
excess thereafter, leading to a net increase in overall
mortality (1-17, 1-04-1-31; p=0-0067; appendix p 43).
The excess was mainly from one trial in which direct

Regional No regional  Gain from
radiotherapy radiotherapy regional
radiotherapy
Any recurrence
pNO 19-0% 21-3% 2:3%
pN1-3 25-6% 28:5% 2:9%
pN4+ 46-8% 511% 43%
Breast cancer mortality
pNO 10-9% 12:5% 1-6%
pN1-3 20:3% 23-0% 2:7%
pN4+ 40-5% 45:0% 4-5%

Data are 15-year cumulative risks. The overall rate ratios (RRs) for any recurrence
(RR=0-88; figure 3) and breast cancer mortality (0-87; figure 3) were applied to
annual rates of any recurrence and breast cancer mortality in the trials, averaged
over treatment groups (there was no significant heterogeneity in the
proportional reductions [RRs] for any recurrence and breast cancer mortality).
pNO=pathologically node negative. pN1-3=one to three involved axillary lymph
nodes. pN4+=four or more involved axillary lymph nodes.

Table 2: Absolute effect of regional node radiotherapy on 15-year risk of
any recurrence and breast cancer mortality by nodal status in
10 833 women in the seven newer trials with data on recurrence

cobalt-60 internal mammary chain fields were used
(appendix p 29). The non-breast-cancer mortality in
these trials has been reported in a previous EBCTCG
meta-analysis.” Analyses of any recurrence and breast
cancer mortality in the older trials by patient, tumour,
and treatment factors are in the appendix (pp 44—45).

Discussion

The trials in this meta-analysis span half a century.
During this time, there were major changes in breast
cancer radiotherapy, and these are reflected in our
findings. Regional node radiotherapy in the early trials,
which started during the 1960s and 1970s, had little effect
on overall recurrence or breast cancer mortality and
increased non-breast-cancer mortality, leading to a net
increase in overall mortality. In contrast, regional node
radiotherapy in the newer trials, which would have been
delivered in the 1990s and 2000s, significantly reduced
breast cancer recurrence and mortality, with no apparent
increase in non-breast-cancer mortality, resulting in
significantly reduced overall mortality. These effects were
seen despite the reductions in risks of breast cancer
recurrence and mortality that have occurred over time,
partly due to improvements in local and systemic
therapies.

There are two main differences between the older and
newer trials. First, breast cancer regional node radiotherapy
techniques improved substantially ~The greatest
improvements were during the 1980s and 1990s when
visualisation of radiation dose on cross-sectional images
started to be used in radiotherapy planning.! These
improvements substantially reduced the incidental
radiation doses received by organs near the breast and
lymph nodes, such as the heart and lungs. The most
frequently used technique in the older trials (direct anterior

www.thelancet.com Published online November 3, 2023 https://doi.org/10.1016/50140-6736(23)01082-6



Articles

10

internal mammary chain field) delivered around 15 Gy
mean heart dose in left radiotherapy and 10 Gy mean heart
dose in right radiotherapy.” In the newer trials, heart doses
were much lower than in the older trials. For example, in
the largest newer trial (the DBCG trial), around 1 Gy was
received by the heart in right-internal mammary chain
radiotherapy” so the corresponding risks of heart disease
would also be lower than in older trials.’ Radiotherapy
improvements were incremental, making it difficult to
attribute the improved safety of radiotherapy to any
one particular change. Second, six of the eight older trials
in this meta-analysis did not include chest wall radiotherapy
after mastectomy in women with node-positive cancer,
which would be considered suboptimal today
(appendix p 17). After mastectomy, the most frequent site
of local recurrence is the chest wall.*®” Failure to irradiate
the chest wall in most older trials might have diluted any
beneficial effect of nodal radiotherapy by recurrences in
the chest wall and lower axilla. In contrast, in the newer
trials, over half of the women received breast conserving
surgery with breast irradiation, and most women with
mastectomy also received chest wall irradiation, both of
which often include the lower axilla. Therefore, the newer
trials address additional radiotherapy, beyond that included
by chest wall or breast fields.

Individual patient data meta-analyses maximise
statistical precision by combining all relevant trials.
Therefore, they include a larger number of patients and
events than in the individual trials and longer follow-up of
some trials, avoiding various types of publication bias and
limiting some other biases. In contrast to reviews of
published trial reports, unpublished additional follow-up
data can be included, yielding more reliable assessment of
long-term effects. Inclusion of all potentially available
randomised data is important because trial results, which
do not show significant treatment effects, are less likely to
be published (and re-published) than other trial results.
The need to include all potentially relevant randomised
evidence in a disease requiring long-term follow-up to
assess risks and benefits has led the EBCTCG to develop
comprehensive methods of identifying and obtaining data
from both published and unpublished trials. The EBCTCG
search strategy involves regular searches of databases and
conference proceedings, with further input to trial
identification from hundreds of breast cancer trialists
worldwide who collaborate with the EBCTCG
(appendix p 4). By Jan 1, 2023, the EBCTCG database
included some 40000 articles of potential relevance to
EBCTCG meta-analyses. This process assures that no
material ascertainment biases remain. Although formal
tests of ascertainment bias yielded non-significant results,
such tests might not be informative about the slight
ascertainment biases that could plausibly affect this meta-
analysis.

A minor limitation of our meta-analysis is that one
small trial, including only 165 women, was unavailable; it
reported its results only for overall mortality (which

slightly favour radiotherapy; appendix p 18). Another
limitation was that few endpoints were available for
assessing non-fatal side-effects. For the life-threatening
side-effects of radiotherapy, however, a detailed EBCTCG
meta-analysis has already been conducted including not
only trials of regional node radiotherapy, but also trials of
other types of breast cancer radiotherapy® A further
limitation is that the DBCG study allocated nodal
radiotherapy based on tumour laterality rather than
randomisation. Although both doctor and patient knew
the allocation in advance, all eligible patients in the
Danish population were to be included and compliance
was high, so selection bias was minimal.” The DBCG
study was, to our knowledge, the largest study of internal
mammary chain radiotherapy, hence it provides valuable
evidence on its effects.

The effects of nodal radiotherapy in the 1990s and 2000s
on breast cancer recurrence and mortality have been
shown in three large individual studies.””*?" Although
these studies each contained more than 1500 women,
they were not large enough individually to assess whether
radiotherapy benefits varied according to factors such as
tumour location, nodal involvement, or use of systemic
therapy. This uncertainty is reflected by variation in
guidelines and practice”” For example, some
international guidelines recommend regional node
radiotherapy in selected patients with node-negative
disease, whereas others do not.* Some guidelines are
more likely to recommend internal mammary chain
radiotherapy for medial cancers than for lateral cancers,
but others do not consider tumour location.”

In the newer trials, even patients who had negative
axillary nodes appeared to receive modest benefit from
regional node radiotherapy reflecting possible eradication
of occult disease in the lymphatic drainage vessels,
internal mammary nodes, or supraclavicular fossa
despite having pathologically uninvolved axillary nodes.
There was some evidence that the proportional benefit of
nodal radiotherapy was greater for women with medial
or central tumours than for women with lateral tumours.
This finding supports a previous hypothesis that internal
mammary chain radiotherapy could be more effective at
reducing recurrences from medial or central cancers
than from lateral cancers.

We found little variation in the proportional benefits of
nodal radiotherapy according to most factors. Therefore,
our statistically stable overall RRs could be applied to
rates of recurrence and breast cancer death in groups of
women with different characteristics to estimate, at least
approximately, their absolute treatment benefits up to
year 15. These benefits, together with estimates of
absolute risks, can be used to help determine for which
patient groups regional node radiotherapy should be
recommended in clinical guidelines.

The trials assessed radiotherapy to different nodal
regions. In the newer trials, most of the evidence was on
radiotherapy to the internal mammary chain alone or to
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the internal mammary chain and supraclavicular fossa
combined, with no significant heterogeneity in the RRs
for different nodal regions irradiated. The main effect of
radiotherapy in these newer trials was on distant
recurrence, rather than on locoregional recurrence. This
finding could be because internal mammary chain
recurrences are not readily detected. Therefore,
eradication of internal mammary chain cancer deposits
could be reflected mainly in reductions in the detection
of distant rather than locoregional recurrence. After
axillary surgery, axillary radiotherapy can cause
lymphoedema, which can have long-term implications
for the patient’s quality of life.

Many women today receive primary systemic therapy
before surgery. There is uncertainty concerning the
effects of regional node radiotherapy in this setting, and
the results of randomised trials are awaited.

Radiotherapy has improved further since the newer
trials were conducted. Techniques now include intensity-
modulated beams to improve target coverage, deep
inspiratory breath-hold to minimise heart and lung
doses, and imaging during treatment to enable consistent
dose delivery! In addition, there are international
guidelines for nodal contouring, target coverage, and
organ avoidance’* Therefore, for women being
considered for radiotherapy today, the proportional
benefits of regional node radiotherapy on breast cancer
recurrence and death could be somewhat greater than in
the newer trials. However, the absolute breast cancer
mortality benefits for these women could be somewhat
lower than in the trials due to reductions in population
breast cancer death rates.

For women with negative lymph nodes, in this meta-
analysis, regional node radiotherapy reduced their
absolute 15-year risk of breast cancer death by about 1-2%.
The absolute benefit for an individual woman would also
depend on factors such as tumour size, grade, molecular
subtype, and systemic therapy received. For example, the
absolute benefit would be greater for a woman with a
large, high-grade, node-negative cancer than for a woman
with a small screen-detected node-negative cancer. For
women with one to three positive nodes, regional node
radiotherapy reduced their absolute 15-year risk of breast
cancer death by about 2-3% and for women with
four or more positive nodes, the reduction in breast
cancer death was about 4-5%.
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