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Summary

Background Postmastectomy radiotherapy was shown in previous meta-analyses to

reduce the risks of both recurrence and breast cancer mortality in all women with

node-positive disease considered together. However, the benefit in women with only

one to three positive lymph nodes is uncertain. We aimed to assess the effect of

radiotherapy in these women after mastectomy and axillary dissection.

Methods We did a meta-analysis of individual data for 8135 women randomly

assigned to treatment groups during1964–86 in 22 trials of radiotherapy to the chest

wall and regional lymph nodes after mastectomy and axillary surgery versus the

same surgery but no radiotherapy. Follow-up lasted 10 years for recurrence and to

Jan 1, 2009, for mortality. Analyses were stratified by trial, individual follow-up year,

age at entry, and pathological nodal status.

Findings 3786 women had axillary dissection to at least level II and had zero, one to

three, or four or more positive nodes. All were in trials in which radiotherapy included

the chest wall, supraclavicular or axillary fossa (or both), and internal mammary

chain. For 700 women with axillary dissection and no positive nodes, radiotherapy

had no significant effect on locoregional recurrence (two-sided significance level

[2p]>0·1), overall recurrence (rate ratio [RR], irradiated vs not, 1·06, 95% CI 0·76–

1·48, 2p>0·1), or breast cancer mortality (RR 1·18, 95% CI 0·89–1·55, 2p>0·1). For

1314 women with axillary dissection and one to three positive nodes, radiotherapy

reduced locoregional recurrence (2p<0·00001), overall recurrence (RR 0·68, 95% CI

0·57–0·82, 2p=0·00006), and breast cancer mortality (RR 0·80, 95% CI 0·67–0·95,

2p=0·01). 1133 of these 1314 women were in trials in which systemic therapy

(cyclophosphamide, methotrexate, and fluorouracil, or tamoxifen) was given in both

trial groups and, for them, radiotherapy again reduced locoregional recurrence

(2p<0·00001), overall recurrence (RR 0·67, 95% CI 0·55–0·82, 2p=0·00009), and

breast cancer mortality (RR 0·78, 95% CI 0·64–0·94, 2p=0·01). For 1772 women

with axillary dissection and four or more positive nodes, radiotherapy reduced

locoregional recurrence (2p<0·00001), overall recurrence (RR 0·79, 95% CI 0·69–

0·90, 2p=0·0003), and breast cancer mortality (RR 0·87, 95% CI 0·77–0·99,

2p=0·04).
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Interpretation After mastectomy and axillary dissection, radiotherapy reduced both

recurrence and breast cancer mortality in the women with one to three positive

lymph nodes in these trials even when systemic therapy was given. For today’s

women, who in many countries are at lower risk of recurrence, absolute gains might

be smaller but proportional gains might be larger because of more effective

radiotherapy.

Funding Cancer Research UK, British Heart Foundation, UK Medical Research

Council.
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Introduction

For many women with early-stage breast cancer, mastectomy can remove any

detectable macroscopic disease, but some tumour foci might remain in locoregional

tissue (ie, chest wall or regional lymph nodes) that could, if untreated, lead to

recurrence of the disease and death from breast cancer. Radiotherapy has the

potential to eliminate such tumour foci, and guidelines1–6 now recommend that

postmastectomy radiotherapy be given for women with four or more positive axillary

lymph nodes, but not given for most women with node-negative disease. Most of

these guidelines conclude, however, that there is insufficient evidence to make firm

recommendations for women with one to three positive lymph nodes. A previous

Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) analysis of individual

patient data from randomised trials of postmastectomy radiotherapy7 did not give

detailed results for women who had one to three positive lymph nodes after axillary

dissection to at least level II, nor did it distinguish between trials in which

radiotherapy included the chest wall and the regional lymph nodes and other trials in

which radiotherapy was given only to the regional lymph nodes. For the present

report, additional data regarding the extent of axillary dissection and regarding the

number of positive lymph nodes have been obtained and reviewed for each woman,

and we present detailed results according to these factors for trials that included

radiotherapy to the chest wall, as is usual in current practice.

Methods

Study design

Trials beginning before 2000 of adjuvant radiotherapy versus no radiotherapy but the

same surgery after mastectomy for invasive cancer were eligible for inclusion in our

meta-analysis of individual patient data. Trial identification and data handling were as

previously reported.7 For every woman, information was sought about initial patient

and tumour characteristics, allocated treatment, time to first recurrence, whether the

first recurrence was locoregional or distant, and date last known alive or date and

underlying cause of death. When no recurrence was reported before breast cancer

death, distant recurrence was assumed to have just preceded it. If contralateral

breast cancer occurred before any other recurrence, follow-up was censored on that

date in analyses of recurrence. Information about the extent of axillary surgery was

reviewed. Women were classified as having axillary dissection if they were in a trial
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in which the protocol required removal of axillary lymph nodes in at least levels I and

II. For the few trials in which the extent of axillary dissection was not described in

terms of levels, women were classified as having axillary dissection if the trial

protocol or publications indicated that the median number of resected nodes was at

least ten or, if individual information was available,8–11 at least ten nodes had been

resected. Women with less extensive axillary surgery were classified as having

axillary sampling.

Statistical analysis

As in the recent overview of radiotherapy after breast-conserving surgery,12 the main

emphasis in analyses of recurrence was on overall recurrence (ie, any first

recurrence, irrespective of whether locoregional or distant), although observed risks

of locoregional recurrence as a first event are also presented. All recurrence

analyses present data only to year 10, because many trials did not follow women

beyond this time for recurrence. Analyses of mortality present data to year 20.

Deaths of unknown cause before recurrence were assumed to be from causes other

than breast cancer, because most occurred many years after trial entry, by which

time non-breast-cancer mortality predominated. Most other aspects of the statistical

methods were as previously described,7 but further information is given in the

appendix pp 7–9. Person-years up to Jan 1, 2009, were included. Analyses were

stratified by trial, individual follow-up year, age at entry (<40, 40–49, 50–59, 60–69,

or ≥70 years), and pathological nodal status (node-negative disease, one to three 

positive nodes, four or more positive nodes, node-positive disease with unknown

number of nodes affected, or nodal status unknown). Analyses were programmed in

the statistical package Stata (version 12.1) and the programming language R

(version 2.13.2).

Role of the funding sources

The Secretariat had full access to all data and analyses. The funding agencies had

no role in data collection, analysis, interpretation, or reporting. A preliminary

manuscript was presented to collaborators in October, 2013, and then revised on the

basis of their comments. SD, CT, and PMcG had responsibility for submission of the

report for publication.
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Results

Information was available for 8135 women in 22 trials in which radiotherapy included

the chest wall and regional lymph nodes (table; figure 1). Median length of follow-up

was 9·4 years per woman (IQR 3·7–17·3) and 5424 women (67%) were known to

have died. The extent of axillary surgery was known for all but 183 (2%) women.

1594 (20%) women had pathologically node-negative disease, 5821 (72%) had

pathologically node-positive disease, and for 720 pathological nodal status was

unknown. There were 3831 women for whom pathological nodal status was known

and who were classified as having axillary dissection (however, for 45 women with

node-positive disease, the number of nodes affected was not known); all of these

women were in trials in which radiotherapy included the chest wall, the

supraclavicular or axillary fossa (or both), and the internal mammary chain (appendix

pp 10–12).

Of the 1594 women with node-negative disease, 700 (44%) had axillary dissection,

870 (55%) had axillary sampling, and for 24 (1%) the extent of axillary surgery was

unknown. For the 700 women who had axillary dissection, only 1·4% of unirradiated

women had a locoregional recurrence before a distant recurrence (appendix p 14),

and radiotherapy had no significant effect on locoregional recurrence (2p>0·1),

overall recurrence (rate ratio [RR], irradiated vs not, 1·06, 95% CI 0·76–1·48,

2p>0·1), or breast cancer mortality (RR 1·18, 95% CI 0·89–1·55, 2p>0·1; figure 2A–

C). Radiotherapy did, however, increase overall mortality (RR 1·23, 95% CI 1·02–

1·49, 2p=0·03; appendix p 13). By contrast, for the 870 women with node-negative

disease who had only axillary sampling, 16·3% of unirradiated women had a

locoregional recurrence before any distant recurrence (appendix p 37), and

radiotherapy reduced locoregional recurrence (2p<0·00001) and overall recurrence

(RR 0·61, 95% CI 0·47–0·80, 2p=0·0003), but had no significant effect either on

breast cancer mortality (RR 0·97, 95% CI 0·77–1·22, 2p>0·1) or on overall mortality

(RR 1·00, 95% CI 0·84–1·18, 2p>0·1; appendix p 36).

Of the 5821 women with node-positive disease, 3131 (54%) had axillary dissection,

2541 (44%) had axillary sampling, and for 149 (2%) the extent of axillary surgery

was unknown. Radiotherapy reduced locoregional recurrence and overall recurrence

both for women who had axillary dissection and for women who had axillary



02 December 2014
Page 7 of 23

sampling (2p<0·00001 for all four comparisons). However, 29·0% of the unirradiated

women with axillary sampling had a locoregional recurrence before any distant

recurrence (appendix p 39) compared with only 19·4% of the unirradiated women

who had axillary dissection (appendix p 16) and the proportional reduction in the rate

of overall recurrence was larger after axillary sampling (RR 0·59, 95% CI 0·53–0·66;

appendix p 38) than after axillary dissection (RR 0·75, 95% CI 0·67–0·83, figure 2E;

2p for difference between RRs, 0·003).

For the 3131 women with node-positive disease who had axillary dissection, the

proportional reductions in the overall recurrence rates did not differ significantly

between years 0–4 and 5–9 (appendix p 17). Overall recurrence rates in the

absence of radiotherapy were, however, higher during years 0–4 than during years

5–9 (figure 2E). Consequently, the absolute reduction with radiotherapy in the 10-

year overall recurrence risk (10·6%—ie, 62·5% vs 51·9%), was only slightly greater

than the 5-year absolute reduction (9·4%—ie, 52·4% vs 43·0%). The proportional

reduction in the overall recurrence rate with radiotherapy did not differ according to

whether or not there was a trial policy of giving systemic therapy (ie, either

chemotherapy or, for oestrogen-receptor positive women, tamoxifen), or with any

other known factor. For these 3131 women, radiotherapy reduced breast cancer

mortality (RR 0·84, 95% CI 0·76–0·94, 2p=0·001). There was no significant

heterogeneity in the proportional reduction in the breast cancer mortality rate

according to any known tumour-related or treatment-related factor. There appeared

to be little effect of radiotherapy on breast cancer mortality in the first few years, but

after that the breast cancer mortality rate was lower in the radiotherapy group than in

the controls until years 10–15 and possibly beyond (appendix p 17). Radiotherapy

also reduced overall mortality in these 3131 women with node-positive disease who

had axillary dissection (RR 0·89, 95% CI 0·81–0·97, 2p=0·01; appendix p 15).

Among the 1314 women who had axillary dissection and only one to three positive

nodes, radiotherapy reduced locoregional recurrence (2p<0·00001), overall

recurrence (RR 0·68, 95% CI 0·57–0·82, 2p=0·00006), and breast cancer mortality

(RR 0·80, 95% CI 0·67–0·95, 2p=0·01; figure 3A–C). 813 women (62%) were in

trials in which the policy regarding systemic therapy for both randomised groups was

to give only chemotherapy, 274 (21%) had oestrogen-receptor positive disease and
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were in trials in which the policy was only to give tamoxifen, 46 (3%) had oestrogen-

receptor positive disease and were in trials in which the policy was to give both

tamoxifen and chemotherapy, and 181 (14%) were in trials in which the policy was

not to give systemic therapy. The proportional reductions in the rates of overall

recurrence and of breast cancer mortality did not differ significantly according to

whether or not systemic therapy was given (figure 4) or according to any other

known tumour-related or treatment-related factor (appendix p 20). When we

considered separately the 1133 women with one to three positive nodes after axillary

dissection who were in trials in which the policy was to give systemic therapy,

radiotherapy reduced the rates of overall recurrence by a third (RR 0·67, 95% CI

0·55–0·82, 2p=0·00009) and breast cancer mortality by slightly more than a fifth (RR

0·78, 95% CI 0·64–0·94, 2p=0·01; figure 5).

For 683 of these 1133 women, additional information about the number of positive

nodes was available. 318 women had only one positive node, of whom 145 were

randomly assigned to receive radiotherapy and 173 were randomly assigned not to

receive it. 17·8% of the 173 unirradiated women with one positive node had a

locoregional recurrence before any distant recurrence compared with only 2·3% of

the irradiated women (2p<0·00001; appendix p 24), and radiotherapy reduced the

rate of overall recurrence (0·60, 95% CI 0·39–0·92, 2p=0·02; figure 6A). This

proportional reduction did not differ significantly from the corresponding reduction for

the 365 women with two to three positive nodes after axillary dissection and who

received systemic therapy (2p for difference >0·10). Likewise the proportional

reduction in breast cancer mortality did not differ significantly according to the

number of positive nodes (figure 6B).

For the 1772 women who had four or more positive nodes after axillary dissection,

radiotherapy reduced locoregional recurrence (2p<0·00001) and overall recurrence

(RR 0·79, 95% CI 0·69–0·90, 2p=0·0003) and breast cancer mortality (RR 0·87, 95%

CI 0·77–0·99, 2p=0·04; figure 3D–F). 1677 (95%) of these women received systemic

therapy and among them the proportional reductions in the overall recurrence and

breast cancer mortality rates with radiotherapy did not differ significantly from those

for the few who did not (2p for all differences >0·1; appendix p 29). Additional

information about the number of positive nodes was available for 973 of the 1772
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women with four or more positive nodes after axillary dissection. There were no

significant differences in the proportional reductions with radiotherapy in the rates of

overall recurrence or breast cancer mortality between the 542 women with four to

nine positive nodes and the 431 women with ten or more positive nodes (2p>0·1 for

all differences). Further information about women with four or more positive lymph

nodes is given in appendix pp 27–35.

Information was also available from several other trials of postmastectomy

radiotherapy. In eight trials (see appendix pp 52–53 for references) in which axillary

surgery was performed and radiotherapy was given to the regional nodes but not to

the chest wall, a total of 2304 women were randomised and the median follow-up

was 7·2 years per woman (IQR 3·4–16·5; appendix pp 52–63). Pathological nodal

status was available for 1494 women. Among the 1029 women with node-positive

disease, 20·9% of unirradiated women had a locoregional recurrence before any

distant recurrence compared with only 6·8% of irradiated women (2p<0·00001;

appendix p 57) but radiotherapy had no significant effect on overall recurrence (RR

0·88, 95% CI 0·73–1·06, 2p>0·1), and no effect at all on the rate of breast cancer

mortality (RR 1·00, 95% CI 0·82–1·20, 2p>0·1; appendix p 56). Information about

further categories of trials of radiotherapy in combination with mastectomy is

presented in appendix pp 64–85.

Discussion

Previous meta-analyses have shown that, for women with node-positive disease,

postmastectomy radiotherapy reduced the risks of both recurrence and breast

cancer mortality.7 There has, however, been much debate as to whether this benefit

was seen only because some women had limited axillary surgery. To investigate this

issue, we reviewed all available evidence regarding the extent of axillary surgery for

the women in these trials, including trial protocols, publications, and individual patient

information if it was available. Additionally, we included the longer follow-up now

available for many trials. The revised analyses of these updated data show that in

these women who had mastectomy and axillary dissection of at least levels I and II,

radiotherapy that included the chest wall, the supraclavicular or axillary fossa (or

both), and the internal mammary chain reduced recurrence, breast cancer mortality,

and overall mortality for all node-positive women considered together. When women
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with one to three and four or more involved axillary nodes were considered

separately, the benefits of postmastectomy radiotherapy were clearly seen in each

group. In these trials, 90% of women with one to three positive nodes and 95% of

women with four or more positive nodes received some form of systemic treatment

for their breast cancer. The most common chemotherapy was cyclophosphamide,

methotrexate, and fluorouracil and the most common endocrine therapy was

tamoxifen. The beneficial effects of radiotherapy on recurrence and breast cancer

mortality remained apparent when women with one to three involved lymph nodes

who were in trials in which the policy was to give systemic therapy were considered

on their own. By contrast, in women with node-negative disease who received

mastectomy and axillary dissection, among whom the proportion of women who had

a locoregional recurrence before any distant recurrence was small, there was no

evidence that radiotherapy provided any benefit. Non-breast-cancer mortality and the

incidence of contralateral and other second cancers in these and other trials of

radiotherapy in early breast cancer will be reported elsewhere.

There have been substantial changes in practice since these women were treated.

For example, breast screening has improved and local therapies are more targeted.

Also, the accuracy of lymph-node analysis has increased, with more frequent use of

serial sectioning and more frequent recognition of micrometastases. Hence, some of

the women who were classified as having node-negative disease in these trials

might have been found to be node-positive if they had been assessed today.13,14

Furthermore, many women now receive better systemic therapy that is more

effective at treating both local and distant disease.15,16 Therefore the absolute risk of

a recurrence is likely to be lower for women being considered for postmastectomy

radiotherapy today than for the women in these trials and the absolute risk

reductions achieved with radiotherapy are also likely to be smaller.

The proportional risk reductions we observed could be applied to women today with

one to three positive nodes if they have appreciable risks of recurrence in the

absence of radiotherapy and they might be the best guide that is currently available

to help to estimate the likely absolute benefits from radiotherapy for women today.

For example, for cancer recurrence, the unirradiated women in these trials with one

to three positive nodes had an absolute 10-year risk of overall recurrence of 45·7%,
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which was reduced to 34·2% by their radiotherapy, so their absolute gain was 11·5%.

If the absolute 10-year risk of overall recurrence for women being considered for

postmastectomy radiotherapy today were about half of this (ie, 23%), then the

absolute gain might also be roughly halved (ie, to around 6%). Similarly, if the 20-

year risk of breast cancer mortality in women with one to three positive nodes were

roughly halved for women today, the absolute gain from radiotherapy would also be

roughly halved from 7·9% to around 4%.

The proportional gains from radiotherapy might, however, be greater for women

irradiated today than suggested by this example, because radiotherapy planning has

changed substantially and women today receive better coverage of target areas.

Furthermore, doses to normal tissues are lower today, so the risks of radiotherapy

are also likely to be lower.

The most common site of locoregional cancer recurrence after mastectomy is the

chest wall.8,17 Eight trials have been carried out, including around 2000 women, in

which the chest wall was not irradiated. In these eight trials radiotherapy reduced

locoregional recurrence in women with pathologically node-positive disease but had

no significant effect on overall recurrence and no effect at all on breast cancer

mortality. This finding suggests that the chest wall is an important target in

postmastectomy radiotherapy. Direct evidence regarding the effect of radiotherapy to

the chest wall is being collected,18 but mature results from this current trial will not be

available for some time. In the trials that are the main focus of the present report the

chest wall, the supraclavicular or the axillary fossa (or both), and the internal

mammary chain were all irradiated. Which regional lymph nodes should be irradiated

after mastectomy is currently uncertain. Other randomised trials are investigating the

risks and benefits of regional node irradiation in addition to chest wall or whole

breast radiotherapy,19–21 but again long-term results of these trials are not yet

available.

In circumstances in which, even without radiotherapy, only a small percentage of

women have locoregional recurrence as a first event after mastectomy, radiotherapy

is unlikely to reduce either overall recurrence or breast cancer mortality. This

scenario is illustrated by the women in these 22 trials who had axillary dissection and
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node-negative disease. If, however, a substantial percentage of women have

locoregional recurrence as a first event in the absence of radiotherapy, then

radiotherapy is likely to provide benefit both by preventing locoregional recurrence

and by reducing distant recurrence and breast cancer mortality. This situation is

illustrated by the 3131 women in these 22 trials who had axillary dissection and

node-positive disease, for whom radiotherapy reduced the 10-year risk of a

recurrence of any type by 10·6% (62·5% vs 51·9%) and the 20-year risk of death

from breast cancer by 8·1% (66·4% vs 58·3%). We previously reported that in the

trials of radiotherapy after breast-conserving surgery, the findings for both node-

negative and node-positive disease were consistent with about one breast cancer

death being avoided in the first 15 years after radiotherapy for every four recurrences

of any type (ie, either loco regional or distant) avoided in the 10 years after

radiotherapy.12 The women with node-positive disease in the 22 trials reported here

generally had more advanced cancers and more extensive radiotherapy than the

women in the trials of radiotherapy after breast-conserving surgery and, for these

women, about one breast cancer death was avoided in the 20 years after

radiotherapy for every 1·5 recurrences of any type (ie, either locoregional or distant)

avoided during the first 10 years after radiotherapy.

Breast cancer is a disease with a long natural history. Many of the women in these

trials have now been followed up for 20 years and therefore they provide information

about the long-term benefits of radiotherapy. Radiotherapy techniques have

improved in the past few decades and so the proportional benefits of radiotherapy

are likely to be larger than in these trials. However, the absolute risks of breast

cancer recurrence and mortality have reduced in many countries because of

advances in detection and treatment of breast cancer, so the absolute benefits from

postmastectomy radiotherapy today are likely to be smaller than those reported here.

Contributors

PMcG, CT, and SD designed and carried out the analyses with computing

assistance from YW and ZW. DC, FD, GM, and RP acted as internal advisers and

CC, ME, and TW as external advisers. All writing committee members contributed to

the report. The EBCTCG secretariat, including SD, PMcG, CT, CD, RG, YW, and RP,

identified trials and received, collated, and checked datasets.



02 December 2014
Page 13 of 23

EBCTCG writing committee (for this Article)

P McGale, C Taylor, C Correa, D Cutter, F Duane, M Ewertz, R Gray, G Mannu, R

Peto, T Whelan, Y Wang, Z Wang, S Darby.

Attendees at EBCTCG steering committee meetings

K Albain, S Anderson, R Arriagada, W Barlow, J Bergh (co-chair from June 2012), E

Bergsten Nordström, J Bliss, †J A Burrett, M Buyse, D Cameron, E Carrasco, †M

Clarke, R Coleman, C Correa, A Coates, †R Collins, J Costantino, †D Cutter, J

Cuzick, †S Darby, N Davidson, †C Davies, †K Davies, †A Delmestri, A Di Leo, M

Dowsett, †P Elphinstone, †V Evans, M Ewertz, J Forbes, R Gelber, †L Gettins, C

Geyer, L Gianni, M Gnant, A Goldhirsch, †J Godwin, †R Gray, †C Gregory, D Hayes,

C Hill, J Ingle, R Jakesz, †S James, W Janni, M Kaufmann, †A Kerr, †H Liu, †E

MacKinnon, M Martín, †P McGale, †T McHugh, †P Morris, L Norton, Y Ohashi, S

Paik, †H C Pan, E Perez, †R Peto, M Piccart (co-chair until June 2012), L Pierce, K

Pritchard (co-chair), G Pruneri, V Raina, P Ravdin, J Robertson, E Rutgers, Y F

Shao, J Sparano, S Swain, †C Taylor, P Valagussa, G Viale, G von Minckwitz, T

Whelan, E Winer, X Wiang, †Y Wang, W Wood.

†Secretariat.

Declaration of interests

All authors declare that they have no competing interests.

Acknowledgments

The main acknowledgments are to the thousands of women who took part in the

trials, to the staff who treated and cared for them and who undertook the trials and

shared their data with the Secretariat, and to the CTSU, which hosts this

collaboration. EBCTCG is funded from the general long-term financial support from

Cancer Research UK, the British Heart Foundation, and the UK Medical Research

Council to the CTSU, University of Oxford.

For a full list of EBCTCG collaborators, see appendix pp 86–89.



02 December 2014
Page 14 of 23

References

1. Goldhirsch A, Winer EP, Coates AS, et al. Panel members. Personalizing the

treatment of women with early breast cancer: highlights of the St Gallen

International Expert Consensus on the Primary Therapy of Early Breast Cancer

2013. Ann Oncol 2013; 24: 2206–23.

2. Recht A, Edge SB, Solin LJ, et al. Postmastectomy radiotherapy: clinical practice

guidelines of the American Society of Clinical Oncology. JCO 2001; 19: 1539–69.

3. Taylor ME, Haff ty BG, Rabinovitch R, et al. ACR appropriateness criteria on

postmastectomy radiotherapy expert panel on radiation oncology-breast. Int J

Radiat Oncol Biol Phys 2009; 73: 997–1002.

4. NICE. Early and locally advanced breast cancer: diagnosis and treatment. 2009.

http://publications.nice.org.uk/early-and-locallyadvanced-breast-cancer-cg80

(accessed Feb 20, 2014).

5. Truong PT, Olivotto IA, Whelan TJ, et al. Clinical practice guidelines for the care

and treatment of breast cancer: 16. Locoregional post-mastectomy radiotherapy.

CMAJ 2004; 170: 1263–73.

6. Sautter Bihl M-L, Souchon R, Budach W, et al. DEGRO practical guidelines for

radiotherapy of breast cancer II. Postmastectomy radiotherapy, irradiation of

regional lymphatics, and treatment of locally advanced disease. Strahlenther

Onkol 2008; 184: 347–53.

7. Early Breast Cancer Trialists’ Collaborative Group. Effects of radiotherapy and of

differences in the extent of surgery for early breast cancer on local recurrence

and on 15-year survival: an overview of the randomised trials. Lancet 2005; 366:

2087–106.

8. Katz A, Strom EA, Buchholz TA, et al. Locoregional recurrence patterns after

mastectomy and doxorubicin-based chemotherapy: implications for postoperative

irradiation. JCO 2000; 18: 2817–27.

9. Overgaard M, Hansen PS, Overgaard J, et al. Postoperative radiotherapy in high-

risk premenopausal women with breast cancer who receive adjuvant

chemotherapy. Danish Breast Cancer Cooperative Group 82b Trial. N Engl J

Med 1997; 337: 949–55.

10.Overgaard M, Jensen MB, Overgaard J, et al. Postoperative radiotherapy in high-

risk postmenopausal breast-cancer patients given adjuvant tamoxifen: Danish

Breast Cancer Cooperative Group DBCG 82c Trial. Lancet 1999; 353: 1641–48.



02 December 2014
Page 15 of 23

11.Overgaard M, Nielsen HM, Overgaard J. Is the benefit of postmastectomy

irradiation limited to patients with four or more positive nodes, as recommended

in international consensus reports? A subgroup analysis of the DBCG 82 b&c

randomized trials. Radiother Oncol 2007; 82: 247–53.

12.Early Breast Cancer Trialists’ Collaborative Group. Effect of radiotherapy after

breast-conserving surgery on 10-year recurrence and 15-year breast cancer

death: meta-analysis of individual patient data for 10 801 women in 17

randomised trials. Lancet 2011; 378: 1707–16.

13.Giuliano AE, Hunt KK, Ballman KV, et al. Axillary dissection vs no axillary

dissection in women with invasive breast cancer and sentinel node metastasis: a

randomized clinical trial. JAMA 2011; 305: 569–75.

14.Galimberti V, Cole BF, Zurrida S, et al. Axillary dissection versus no axillary

dissection in patients with sentinel-node micrometastases (IBCSG 23-01): a

phase 3 randomised controlled trial. Lancet Oncol 2013; 14: 297–305.

15.Early Breast Cancer Trialists’ Collaborative Group. Comparisons between

different polychemotherapy regimens for early breast cancer: meta-analyses of

long-term outcome among 100 000 women in 123 randomised trials. Lancet

2012; 379: 432–44.

16.Early Breast Cancer Trialists’ Collaborative Group. Relevance of breast cancer

hormone receptors and other factors to the efficacy of adjuvant tamoxifen:

patient-level meta-analysis of randomised trials. Lancet 2011; 378: 771–84.

17.Nielsen HM, Overgaard M, Grau C, Jensen AR, Overgaard J. Study of failure

pattern among high-risk breast cancer patients with or without postmastectomy

radiotherapy in addition to adjuvant systemic therapy: long-term results from the

Danish Breast Cancer Cooperative Group DBCG 82 b and c randomised studies.

JCO 2006; 24: 2268–75.

18.Kunkler IH, Canney P, van Tienhoven G, et al. Elucidating the role of chest wall

irradiation in ‘intermediate-risk’ breast cancer: the MRC/ EORTC SUPREMO trial.

Clin Oncol (R Coll Radiol) 2008; 20: 31–34.

19.Hennequin C, Bossard N, Servagi-Vernat S, et al. Ten-year survival results of a

randomized trial of irradiation of internal mammary nodes after mastectomy. Int J

Radiat Oncol Biol Phys 2013; 86: 860–66.

20.Poortmans PSH, Kirkove C, Budach V, et al. Irradiation of the internal mammary

and medial supraclavicular lymph nodes in stage I to III breast cancer: 10 year



02 December 2014
Page 16 of 23

results of the EORTC radiation oncology and breast cancer groups phase III trial

22922/10925. EJC 2013; 49 (suppl 3): abstr BA2.

21.Whelan TJ, Olivotto I, Ackerman I, et al. NCIC-CTG MA.20: an intergroup trial of

regional nodal irradiation in early breast cancer. Proc Am Soc Clin Oncol 2011;

29 (suppl): abstr LBA1003.



24 March 2014 Page 17 of 23

Table 1. Availability of data from randomised trials beginning before the year 2000 and comparing radiotherapy to the chest wall and regional
nodes following mastectomy and axillary surgery versus no radiotherapy but the same surgery.*

Nodal status§ Women Deaths

Woman-years since diagnosis† % women given systemic therapy‡

Median/
woman

Total
(‘000s)

Distribution by years (‘000s)
Chemotherapy

Tamoxifen
and ER+¶

Any<10 10- 20+

(a) Axillary dissection
pN0 700 480 20.1 13.5 6.1 4.4 3.0 22 27 47
pN+ 3131 2074 7.2 30.1 20.3 7.9 1.9 75 22 91

pN1-3 1314 759 12.3 17.3 10.3 5.3 1.6 65 24 86
pN4+ 1772 1286 4.8 12.4 9.7 2.5 0.3 81 21 95
pN?+ 45 29 6.7 0.4 0.3 0.1 <0.1 100 0 100

pN unknown 56 39 10.6 0.7 0.4 0.2 0.1 29 71 98

Total for (a) 3887 2593 9.0 44.3 26.8 12.5 4.9 64 24 83

(b) Axillary sampling
pN0 870 595 17.6 15.4 7.5 5.1 2.8 10 11 21
pN+ 2541 1689 7.8 24.2 17.0 6.4 0.2 56 28 84
pN unknown 654 460 9.3 7.1 4.6 2.1 0.4 44 30 74

Total for (b) 4065 2744 9.8 46.8 29.1 13.7 4.0 44 25 69

(c) Axillary surgery, but extent unknown
pN0 24 12 8.5 0.2 0.2 <0.1 - 100 0 100
pN+ 149 69 11.5 1.3 1.1 0.2 - 100 0 100
pN unknown 10 6 11.0 0.1 0.1 <0.1 - 100 0 100

Total for (c) 183 87 10.1 1.6 1.4 0.2 - 100 0 100

Total (a)+(b)+(c) 8135 5424 9.4 92.7 57.3 26.4 9.0 55 24 77

*Data were available for 22 trials, start dates 1964 to 1986, and were unavailable for 4 trials including approximately 400 women. In all 22 trials for which data were
available, radiotherapy was given to the chest wall and the supraclavicular and/or the axillary fossa. In 20 of the 22 trials it was also given to the internal mammary
chain. Details of the treatments given in these 22 trials are in appendix 10-12. Details of other trials of radiotherapy after mastectomy are in appendix pp 52-53, 64-65.
70-71, 78-79.

†Numbers of woman-years of follow-up for mortality. Many trials followed women for only 10 years for recurrence.

‡Chemotherapy was usually cyclophosphamide, methotrexate, and 5-fluorouracil (CMF). Only 3% of women were classified as oestrogen-receptor positive (ER+)
and were in trials where both tamoxifen and chemotherapy were given.

§pN: pathological nodal status, pN+: pathologically node positive, pN1-3: 1-3 pathologically positive nodes, pN4+: at least 4 pathologically positive nodes, pN?+:
known to be pN+ but not whether pN1-3 or pN4+, pN unknown: pathological nodal status unknown.

¶Oestrogen-receptor positive.
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Figure 1. Trials included in analysis.
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Figure 2. Effect of radiotherapy (RT) after mastectomy and axillary dissection (Mast+AD) on 10-year risks of locoregional and overall recurrence
and on 20-year risk of breast cancer mortality in 700 women with pathologically node-negative (pN0) disease and in 3131 women with
pathologically node-positive (pN+) disease. Analyses of locoregional recurrence first ignore distant recurrences, see appendix pp 8-9 for details. See
appendix pp 14, 16, for analyses of both locoregional and distant recurrences and appendix pp 13, 15, for analyses of overall mortality. RR=rate ratio. NS=not
significant. Vertical lines indicate 1 SE above or below the 5, 10, 15, and 20 year percentages.

Locoregional recurrence first Any first recurrence Breast cancer mortality

700 pN0 women with Mast+AD

A) B) C)

3131 pN+ women with Mast+AD

D) E) F)
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Figure 3. Effect of radiotherapy (RT) after mastectomy and axillary dissection (Mast+AD) on 10-year risks of locoregional and overall recurrence
and on 20-year risk of breast cancer mortality in 1314 women with 1-3 pathologically positive nodes (pN1-3) and in 1772 women with 4+
pathologically positive nodes (pN4+). Analyses of locoregional recurrence first ignore distant recurrences, see appendix pp 8-9 for details. See appendix
pp 19, 28, for analyses of both locoregional and distant recurrences and appendix pp 18, 27, for analyses of overall mortality. RR=rate ratio. NS=not
significant. Vertical lines indicate 1 SE above or below the 5, 10, 15, and 20 year percentages.

Locoregional recurrence first Any first recurrence Breast cancer mortality

1314 pN1-3 women with Mast+AD

A) B) C)

1772 pN4+ women with Mast+AD

D) E) F)
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Figure 4. Effect of radiotherapy (RT) after mastectomy and axillary dissection on overall recurrence
during years 0-9 and on breast cancer mortality for the entire follow-up in 1314 women with one to
three pathologically positive nodes (pN1-3), according to whether or not they were in trials in which
systemic therapy was given to both randomised treatment groups. Chemotherapy was usually
cyclophosphamide, methotrexate, fluorouracil. ER-negative women in trials in which tamoxifen was given
to both groups are included in the “no systemic” category. ER=oestrogen receptor. Tam=tamoxifen.
NS=not significant. SE=standard error. Confidence intervals are 95%.

A) Any first recurrence (years 0-9)

B) Breast cancer mortality



24 March 2014 Page 22 of 23

Figure 5. Effect of radiotherapy (RT) after mastectomy and axillary dissection (Mast+AD) on 10-year risks of locoregional recurrence and overall
recurrence and on 20-year risk of breast cancer mortality in 1133 women with 1-3 pathologically positive nodes (pN1-3) in trials where systemic
therapy was given to both randomised treatment groups. Analyses of locoregional recurrence first ignore distant recurrences, see appendix pp 8-9 for
details. See appendix pp 22 for analyses of both locoregional and distant recurrences and appendix pp 21 for analyses of overall mortality. RR=rate ratio.
NS=not significant. Vertical lines indicate 1 SE above or below the 5, 10, 15, and 20 year percentages.

A) Locoregional recurrence first B) Any first recurrence C) Breast cancer mortality

1133 pN1-3 women with Mast+AD and systemic therapy



24 March 2014 Page 23 of 23

Figure 6. Effect of radiotherapy (RT) after mastectomy and axillary dissection on overall recurrence
during years 0-9 and for breast cancer mortality for the entire period of follow-up in 1133 women
with one to three pathologically positive nodes (pN1-3) in trials in which systemic therapy was
given to both randomised treatment groups, by number of positive nodes. NS=not significant.
SE=standard error. Confidence intervals are 95%.

A) Any first recurrence (years 0-9)

B) Breast cancer mortality

.


