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BACKGROUND
Most women with breast cancer who undergo breast-conserving surgery receive whole-
breast irradiation. We examined whether the addition of regional nodal irradiation 
to whole-breast irradiation improved outcomes.

METHODS
We randomly assigned women with node-positive or high-risk node-negative breast 
cancer who were treated with breast-conserving surgery and adjuvant systemic 
therapy to undergo either whole-breast irradiation plus regional nodal irradiation 
(including internal mammary, supraclavicular, and axillary lymph nodes) (nodal-
irradiation group) or whole-breast irradiation alone (control group). The primary 
outcome was overall survival. Secondary outcomes were disease-free survival, iso-
lated locoregional disease-free survival, and distant disease-free survival.

RESULTS
Between March 2000 and February 2007, a total of 1832 women were assigned to 
the nodal-irradiation group or the control group (916 women in each group). The 
median follow-up was 9.5 years. At the 10-year follow-up, there was no significant 
between-group difference in survival, with a rate of 82.8% in the nodal-irradiation 
group and 81.8% in the control group (hazard ratio, 0.91; 95% confidence interval 
[CI], 0.72 to 1.13; P = 0.38). The rates of disease-free survival were 82.0% in the 
nodal-irradiation group and 77.0% in the control group (hazard ratio, 0.76; 95% 
CI, 0.61 to 0.94; P = 0.01). Patients in the nodal-irradiation group had higher rates 
of grade 2 or greater acute pneumonitis (1.2% vs. 0.2%, P = 0.01) and lymphedema 
(8.4% vs. 4.5%, P = 0.001).

CONCLUSIONS
Among women with node-positive or high-risk node-negative breast cancer, the 
addition of regional nodal irradiation to whole-breast irradiation did not improve 
overall survival but reduced the rate of breast-cancer recurrence. (Funded by the 
Canadian Cancer Society Research Institute and others; MA.20 ClinicalTrials.gov 
number, NCT00005957.)
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Many women with early-stage 
breast cancer undergo breast-conserving 
surgery followed by whole-breast irra-

diation, which reduces the rate of local recur-
rence.1-3 Radiotherapy to the chest wall and re-
gional lymph nodes, termed regional nodal 
irradiation, which is commonly used after mas-
tectomy in women with node-positive breast can-
cer who are treated with adjuvant systemic thera-
py, reduces locoregional and distant recurrence 
and improves overall survival.4-6 An unanswered 
question is whether the addition of regional nodal 
irradiation to whole-breast irradiation after breast-
conserving surgery has the same effect. Whole-
breast irradiation may involve irradiation of the 
lower axillary and internal mammary lymph 
nodes.7 However, regional nodal irradiation in-
creases the complexity of radiotherapy and may 
increase the risks of pneumonitis, lymphedema, 
cardiac disease, and late secondary neoplasms. 
In the NCIC Clinical Trials Group MA.20 trial, 
we compared whole-breast irradiation plus re-
gional nodal irradiation with whole-breast irra-
diation alone in women with early-stage breast 
cancer who were treated with breast-conserving 
surgery and adjuvant systemic therapy.

Me thods

Patients

Eligible patients were women with invasive carci-
noma of the breast who were treated with breast-
conserving surgery and sentinel-lymph-node biop-
sy or axillary-node dissection and who had positive 
axillary lymph nodes or negative axillary nodes 
with high-risk features. Such features were de-
fined as a primary tumor measuring 5 cm or 
more or 2 cm or more with fewer than 10 axillary 
nodes removed and at least one of the following: 
grade 3 histologic categorization, estrogen-recep-
tor (ER) negativity, or lymphovascular invasion. 
A level I or II axillary dissection was required for 
patients with positive results on sentinel-node bi-
opsy. All patients received adjuvant systemic thera-
py with chemotherapy, endocrine therapy, or both.

Patients were excluded if they had T4 tumors 
(clinical evidence of direct extension to chest wall 
or skin) or N2–3 nodes (involvement of axillary 
nodes that are fixed or of internal mammary 
nodes), distant metastasis, or serious nonmalig-
nant disease (e.g., cardiovascular or pulmonary) 

that would preclude definitive radiation therapy. 
Other exclusion criteria are provided in the Sup-
plementary Appendix, available with the full text 
of this article at NEJM.org.

Potentially eligible patients underwent chest 
radiography and liver-function testing. A bone 
scan and abdominal ultrasonography or computed 
tomography (CT) were performed if abnormal re-
sults were identified. Written informed consent 
was obtained from patients before randomization. 
The study protocol was approved by the institu-
tional review board at each participating center 
and is available at NEJM.org.

Randomization and Treatment Regimens

Before randomization, patients were stratified ac-
cording to the number of axillary nodes that were 
removed (<10 or ≥10), the number of positive axil-
lary nodes (0, 1 to 3, or >3), the type of chemo-
therapy (anthracycline-containing, other, or none), 
hormonal therapy (yes or no), and treatment cen-
ter. With the use of a centralized minimization 
procedure, the NCIC Clinical Trials Group office 
in Kingston, Ontario, randomly assigned patients 
to undergo either whole-breast irradiation plus 
regional nodal irradiation (nodal-irradiation group) 
or whole-breast irradiation alone (control group).8

For patients in the control group who were 
assigned to undergo whole-breast irradiation 
alone, the breast was treated with a pair of op-
posed fields tangentially arranged across the 
chest. A dose of 50 Gy in 25 fractions was pre-
scribed. Other radiotherapy planning details are 
provided in the Supplementary Appendix.

For patients in the nodal-irradiation group, 
the intention was to treat the breast at risk and 
the ipsilateral internal mammary lymph nodes in 
the upper three intercostal spaces, along with 
the supraclavicular and axillary lymph nodes. Two 
techniques for irradiation of the internal mam-
mary lymph nodes were permitted: a modified 
wide-tangent technique and a technique involving 
a separate internal-mammary-node field plus tan-
gents. For the modified wide-tangent technique, 
the upper tangent fields were widened to include 
the internal mammary nodes and narrowed in-
feriorly to reduce the dose to the underlying lung 
and heart. For the technique involving a separate 
internal-mammary-node field, a mixed electron 
and photon field was angled to match the tangent 
fields. CT planning was recommended, with the 
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internal mammary node volume defined as 1 cm 
around internal mammary vessels in the first three 
intercostal spaces to be covered by at least the 80% 
isodose. Wedges, compensators, or intensity-mod-
ulated radiation therapy were permitted to ensure 
a uniform dose throughout the target volume. 
Dose correction for the different densities of tis-
sues irradiated (e.g., lung) was permissible.

The supraclavicular and level III axillary nodes 
were treated with a nondivergent anterior field to 
include the head of the clavicle medially and the 
coracoid process laterally. The inferior border was 
matched to the superior field of the breast tan-
gents, and the superior border included the supra-
clavicular fossa. For patients who had fewer than 
10 axillary nodes removed or more than 3 posi-
tive axillary nodes, the lateral aspect of the field 
was extended laterally to include the level I and II 
axillary lymph nodes, and it was recommended 
that a nondivergent posterior field should match 
the anterior field or that a smaller patch field be 
used to cover the axilla. Patients were treated with 
4 to 18 MV in the supine position with the arm 
abducted.

The dose to the breast and internal mammary 
node fields was 50 Gy in 25 fractions. The dose 
to the anterior supraclavicular and axillary field 
was 50 Gy in 25 fractions prescribed at a depth 
of 3 cm. For patients who were treated with ante-
rior and posterior fields, a dose of 45 Gy in 25 
fractions was prescribed at midseparation at the 
center of the fields. Treatment beam images were 
obtained to confirm adequate coverage. Boost ra-
diation of 10 to 16 Gy in 5 to 8 fractions to the 
tumor bed with the use of external-beam radia-
tion or brachytherapy was permitted in the two 
study groups according to the institution’s policy 
(e.g., for close margins of excision or a young age).

We used a quality-assurance program that in-
cluded a review of radiation plans before treatment 
for the first 25 patients who underwent random-
ization at each participating center and after treat-
ment for all other patients. (Details are provided 
in the Supplementary Appendix.)

Adjuvant chemotherapy according to institu-
tional practice was delivered before radiation. 
Endocrine therapy with tamoxifen or an aroma-
tase inhibitor was administered either concur-
rently with or after radiotherapy. After June 2005, 
trastuzumab was recommended for patients 
with human epidermal growth factor receptor 
2 (HER2)–positive disease.

Follow-up and Outcomes

Patients were followed according to a prescribed 
schedule (see the Supplementary Appendix). Ad-
verse events were assessed with the use of the 
National Cancer Institute Common Toxicity Cri-
teria, version 2. Data with respect to quality of 
life, which was assessed with the use of the 
European Organization for Research and Treat-
ment of Cancer Quality of Life Questionnaire 
(EORTC QLQ-C30) and cosmetic and arm-func-
tion modules that were developed for the trial, 
are not included in this report.

The primary outcome was overall survival, 
which was defined as the time from randomiza-
tion to death from any cause. Prespecified sec-
ondary outcomes were disease-free survival, iso-
lated locoregional disease-free survival, distant 
disease-free survival, and toxicity. Disease-free 
survival was defined as the time from random-
ization to the time of a first recurrence in the 
ipsilateral breast or in nodal or distant sites, a 
contralateral breast cancer, or death from breast 
cancer. Isolated locoregional disease-free survival 
was defined as the time from randomization to 
the time of a first recurrence in the ipsilateral 
breast or in axillary, supraclavicular, or internal 
mammary nodes without evidence of distant dis-
ease for 1 month. Distant disease-free survival was 
defined as the time from randomization to the 
time of a recurrence at a distant site (e.g., bone, 
liver, lung, or central nervous system) or death 
from breast cancer.

Statistical Analysis

The study was designed to detect a hazard ratio 
of 0.73 for overall survival, which corresponded 
to an improvement of 5 percentage points (from 
80% to 85%) in 5-year survival. We determined 
that 312 deaths among 1832 patients would pro-
vide a power of 80% to detect this hazard ratio, 
using a two-sided alpha level of 0.05 and assum-
ing a 4-year accrual period with 3 years of fol-
low-up. A planned interim analysis was performed 
after the occurrence of 170 deaths and was pre-
sented at the 2011 Annual Meeting of the Ameri-
can Society of Clinical Oncology.9

The final analysis was performed in the in-
tention-to-treat population. We used the Kaplan–
Meier method to describe the survival experiences 
of patients in the two study groups. Details with 
respect to data censoring are provided in the Sup-
plementary Appendix. Stratified log-rank tests 
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that were adjusted for the stratification factors 
excluding the study center were used to compare 
the study groups. Likelihood ratio tests of treat-
ment according to covariate interactions were used 
to examine the heterogeneity of the treatment 
effect according to prespecified subgroups of the 
four stratification factors, status with respect to 
ER positivity and progesterone-receptor (PR) pos-
itivity, and tumor location. In a post hoc analysis, 
we estimated the rate of death from breast can-
cer by using the cumulative incidence function 
and Gray’s test for competing risks for the be-
tween-group comparison. The corresponding haz-
ard ratio was estimated with the use of the Fine–
Gray model. In a similar manner, we conducted 
a sensitivity analysis for isolated locoregional and 
distant disease-free survival after adjustment for 
competing risks.

All patients who underwent irradiation were 
included in the safety analysis, according to the 
treatment they received. Fisher’s exact test was 
used to compare toxic effects in the two groups. 
A P value of less than 0.05 was considered to in-
dicate statistical significance, with no adjustment 
for multiple testing. All analyses were conducted 
with the use of SAS software, version 9.2 (SAS 
Institute).

R esult s

Between March 2000 and February 2007, a total 
of 1832 patients were enrolled, with 916 assigned 
to each study group. Among patients in the con-
trol group who were assigned to receive whole-
breast irradiation, 5 received whole-breast and 
regional nodal irradiation and 3 received no ra-
diation. Among patients in the nodal-irradiation 
group, 19 received whole-breast irradiation alone 
and 9 received no radiation. Thirty-five patients 
(1.9%) withdrew consent, and 37 (2.0%) were lost 
to follow-up (Fig. S1 in the Supplementary Appen-
dix). The median follow-up at the time of this 
analysis was 9.5 years.

The characteristics of the patients at baseline 
were similar in the two study groups (Table 1). 
Most patients (99%) had tumors that were cate-
gorized as either T1 (measuring ≤2 cm) or T2 
(measuring >2 cm but ≤5 cm), had one to three 
positive axillary nodes (85%), and had ER-posi-
tive disease (75%). Most of the patients received 
combination chemotherapy (91%) with an anthra-
cycline (86%) or with a taxane (26%), along with 

Characteristic
WBI 

(N = 916)
WBI+RNI 
(N = 916)

Median age (range) — yr 53 (26–84) 54 (29–84)

Patients who underwent initial sentinel-
lymph-node biopsy — no. (%)†

357 (39.0) 360 (39.3)

No. of axillary nodes removed

Median (interquartile range) 12 (8–16) 12 (9–16)

1–9 — no. (%) 303 (33.1) 294 (32.1)

≥10 — no. (%) 612 (66.8) 622 (67.9)

No. of positive axillary nodes — no. (%)

0 89 (9.7) 88 (9.6)

1 447 (48.8) 460 (50.2)

2 233 (25.4) 209 (22.8)

3 100 (10.9) 109 (11.9)

>3 47 (5.1) 50 (5.5)

Tumor size — no. (%)

≤2 cm 501 (54.7) 459 (50.1)

2.1–5 cm 409 (44.7) 443 (48.4)

>5 cm 6 (0.7) 13 (1.4)

Estrogen-receptor status — no. (%)

Positive 682 (74.5) 685 (74.8)

Negative 234 (25.5) 231 (25.2)

Progesterone-receptor status — no. (%)

Positive 549 (59.9) 553 (60.4)

Negative 365 (39.8) 360 (39.3)

Adjuvant chemotherapy — no. (%)

Anthracycline without taxane 540 (59.0) 554 (60.5)

Anthracycline with taxane 244 (26.6) 230 (25.1)

Other‡ 45 (4.9) 47 (5.1)

No chemotherapy 87 (9.5) 85 (9.3)

Adjuvant endocrine therapy — no. (%)§

Aromatase inhibitor¶ 529 (57.8) 521 (56.9)

Tamoxifen 167 (18.2) 172 (18.8)

No endocrine therapy 220 (24.0) 223 (24.3)

Boost irradiation — no. (%)‖ 317 (34.6) 294 (32.1)

*	�There were no significant differences between the groups at baseline. 
Additional details regarding the baseline characteristics of the patients are 
provided in Table S1 in the Supplementary Appendix. WBI denotes whole-
breast irradiation alone (control group), and WBI+RNI whole-breast irradia-
tion plus regional nodal irradiation.

†	�A total of 35 patients in WBI group and 33 patients in the WBI+RNI group un-
derwent only sentinel-lymph-node biopsy.

‡	�Other types of chemotherapy included cyclophosphamide, methotrexate, and 
fluorouracil (CMF).

§	� Endocrine therapy was initiated after radiation therapy in some patients.
¶	�In these patients, an aromatase inhibitor was used alone or after previous re-

ceipt of tamoxifen.
‖	�Boost irradiation was delivered after WBI or WBI+RNI.

Table 1. Characteristics of the Patients at Baseline.*
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endocrine therapy (76%). A modified wide-tangent 
approach was used in 80% of patients in the 
nodal-irradiation group.

Mortality

The data for recurrences and deaths are provided 
in Table  2. There was no significant between-
group difference in overall survival, with 10-year 
rates of survival of 82.8% in the nodal-irradia-
tion group and 81.8% in the control group (haz-
ard ratio for death in the nodal-irradiation group 
as compared with the control group, 0.91; 95% 
confidence interval [CI], 0.72 to 1.13; P = 0.38) 
(Fig. 1A). In a prespecified subgroup analysis, pa-
tients with ER-negative disease in the nodal-irra-
diation group had a higher 10-year rate of overall 
survival than did patients in the control group 
(81.3% vs. 73.9%), a difference that approached 
statistical significance (hazard ratio, 0.69; 95% CI, 
0.47 to 1.00; P = 0.05). The test for interaction was 
0.08 (Fig. S2 in the Supplementary Appendix).

No significant difference was detected in 
breast-cancer mortality, with 10-year rates of 
10.3% in the nodal-irradiation group and 12.3% 
in the control group (hazard ratio, 0.80; 95% CI, 
0.61 to 1.05; P = 0.11) (Fig. S3 in the Supplemen-
tary Appendix). The causes of non–breast-cancer 
deaths were similar in the two groups (Table 2).

Recurrence

The rate of disease-free survival was higher in the 
nodal-irradiation group than in the control group, 
with 10-year rates of 82.0% and 77.0%, respec-
tively (hazard ratio, 0.76; 95% CI, 0.61 to 0.94; 
P = 0.01) (Fig. 1B). In prespecified subgroup analy-
ses, the treatment effects were greater for pa-
tients with ER-negative or PR-negative tumors than 
for those with hormone receptor–positive tumors 
(Fig. 2). There were no major treatment differ-
ences according to other factors.

The 10-year rates of isolated locoregional dis-
ease-free survival were 95.2% in the nodal-irra-
diation group and 92.2% in the control group 
(hazard ratio, 0.59; 95% CI, 0.39 to 0.88; P = 0.009) 
(Fig.  1C). The treatment effect was associated 
mainly with a reduction in the rate of regional 
recurrence (Table  2). The majority of regional 
treatment failures included the axillary nodes (in 
63% of patients) or the supraclavicular nodes (in 
27%). The rates of distant disease-free survival at 
10 years were 86.3% in the nodal-irradiation group 
and 82.4% in the control group (hazard ratio, 

0.76; 95% CI, 0.60 to 0.97; P = 0.03) (Fig. 1D). The 
improvements in isolated locoregional and distant 
disease-free survival in the nodal-irradiation group 
were similar when the study groups were com-
pared with the use of competing-risks analyses 
(Fig. S4 and S5 in the Supplementary Appendix).

Adverse Events

Table 3 summarizes selected potential radiation-
related adverse events of grade 2 or higher. Grade 
4 toxic effects were rare, and no grade 5 events 
were reported. For acute events (those occurring 
≤3 months after the completion of radiation), sig-
nificant increases in the rates of radiation derma-
titis and pneumonitis were reported in the nodal-
irradiation group. For delayed events (those 
occurring >3 months after the completion of ra-
diation), there were significant increases in the 
rates of lymphedema, telangiectasia of the skin, 
and subcutaneous fibrosis in the nodal-irradia-

Event
WBI 

(N = 916)
WBI+RNI 
(N = 916)

no. of patients with event (%)

Isolated locoregional recurrence 62 (6.8) 39 (4.3)

Local (in breast) only 38 (4.1) 33 (3.6)

Regional only 23 (2.5)* 5 (0.5)†

Local and regional 1 (0.1)* 1 (0.1)†

Distant recurrence 151 (16.5) 118 (12.9)

First or concurrent with locoregional  
recurrence

118 (12.9) 100 (10.9)

After locoregional recurrence 33 (3.6) 18 (2.0)

Any recurrence or contralateral breast cancer 195 (21.3) 154 (16.8)

Any recurrence 175 (19.1) 134 (14.6)

Contralateral breast cancer 20 (2.2) 20 (2.2)

Death 168 (18.3) 155 (16.9)

Breast cancer 113 (12.3) 93 (10.2)

Other cancer 26 (2.8) 32 (3.5)

Cardiovascular cause 11 (1.2) 11 (1.2)

Other cause 12 (1.3) 8 (0.9)

Unknown 6 (0.7) 11 (1.2)

*	�Included among regional recurrences were 14 involving axillary nodes, 8 in-
volving supraclavicular nodes, 1 involving infraclavicular nodes, and 1 involv-
ing multiple sites. The 10-year cumulative rate of regional recurrence was 
2.7%.

†	�Included among regional recurrences were 5 involving axillary nodes and 1 in-
volving multiple sites. The 10-year cumulative rate of regional recurrence was 
0.7%.

Table 2. Disease Recurrence or Death.
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tion group. No increases in rates of brachial neu-
ropathy, cardiac disease, or secondary cancers 
were observed in the nodal-irradiation group, but 
the period of follow-up was not sufficiently long 
to rule out a difference in the rate of secondary 
cancers.

 Discussion

In this study, we evaluated the addition of re-
gional nodal irradiation to whole-breast irradia-
tion in patients treated with breast-conserving 
surgery and adjuvant systemic therapy. No im-
provement was detected with respect to the pri-
mary outcome of overall survival. Most of the 
study patients had no more than three positive 
lymph nodes. It is likely that patients with more 

than three nodes were routinely treated off trial 
with regional nodal irradiation, which would po-
tentially decrease the probability of detecting a 
significant effect on overall survival in this trial.10

In addition, since the majority of patients were 
treated with contemporary multiagent chemother-
apy containing anthracyclines or taxanes and en-
docrine therapy, the baseline risk of death and 
the power to detect a between-group improvement 
in overall survival were probably further reduced.

On the other hand, the addition of regional 
nodal irradiation to whole-breast irradiation sig-
nificantly increased relative disease-free survival 
by 24%, which was an absolute improvement of 
5 percentage points at 10 years. The benefit re-
flected reductions in both isolated locoregional 
and distant recurrences. The relative reduction 

Figure 1. 10-Year Kaplan–Meier Estimates of Survival.

Shown are rates of overall survival (Panel A), disease-free survival (Panel B), isolated locoregional disease-free survival (Panel C), 
and distant disease-free survival (Panel D) among patients who underwent whole-breast irradiation plus regional nodal irradiation 
(WBI + RNI) and those who underwent whole-breast irradiation alone (WBI, control group).
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of 40% in the rate of locoregional recurrence that 
was associated with regional nodal irradiation 
was anticipated on the basis of reported trials of 
postmastectomy radiotherapy. The relative re-
duction of 24% in the rate of distant recurrences 
with regional nodal irradiation was probably due 
to the reduction in regional nodal recurrence and 
possibly to the reduction of subclinical regional 
nodal disease.11,12

In patients with breast cancer, distant metas-
tasis typically leads to death. However, we did not 
observe an improvement in overall survival at 10 
years. In the recent meta-analysis by the Early 
Breast Cancer Trialists’ Collaborative Group of 
postmastectomy radiotherapy in node-positive 
patients, for every 1.5 recurrences (either locore-
gional or distant) that were prevented during the 
first 10 years after radiation, one breast-cancer 
death was prevented at 20 years.13

The observed effects on overall and distant 
recurrence are consistent with the results of the 
EORTC 22922-10925 trial, in which patients with 
node-positive breast cancer or node-negative dis-
ease with central or medial tumors were randomly 

assigned to undergo regional nodal irradiation 
that included the medial supraclavicular and in-
ternal mammary nodes or no regional nodal ir-
radiation after breast-conserving surgery or mas-
tectomy.14 At a median follow-up of 10.9 years, 
regional nodal irradiation was associated with 
improvements in disease-free and distant disease-
free survival. In our study, it is not clear which 
sites of nodal irradiation (internal mammary, su-
praclavicular, level III axillary, or all three) led to 
improvements in disease-free survival. All areas 
are at risk for residual disease after surgery, but 
the EORTC trial suggests that irradiation of the 
internal mammary nodes is important.

Although subgroup analyses were prespecified, 
they were generally not adequately powered to 
assess the benefit of treatment in different sub-
groups. Furthermore, the P values of the sub-
group analyses were not adjusted for multiple 
testing.15 Patients with ER-negative or PR-negative 
tumors appeared to benefit more from regional 
nodal irradiation than those with ER-positive or 
PR-positive tumors. Although this effect was not 
observed in previous trials of postmastectomy 

Figure 2. Disease-free Survival at 10 Years, According to Subgroup.

Shown are hazard ratios and rates of disease-free survival among patients who underwent whole-breast irradiation plus regional nodal 
irradiation (WBI+RNI) and those who underwent whole-breast irradiation alone (WBI, control group). The dashed vertical line at 0.76 in-
dicates the overall hazard ratio estimate. Hazard ratios are shown on a logarithmic scale. DFS denotes disease-free survival, ER estrogen 
receptor, and PR progesterone receptor.
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radiotherapy,16 it supports the hypothesis that fur-
ther research on the molecular characterization 
of the primary tumor may identify patients who 
are more likely to benefit from regional nodal 
irradiation.17,18 Since the number of node-negative 
patients in our trial was relatively small, the ap-
plication of our results to node-negative patients 
is unclear. In addition, at the time of our study, 
the size of nodal metastasis was not routinely 
measured, so it is difficult to generalize our find-
ings to patients with micrometastases.

Our study was an international effort involv-
ing more than 1800 patients from Canada, the 
United States, and Australia. Adherence to treat-
ment was high, and relatively few patients were 
lost to follow-up. The trial was conducted with 
contemporary CT radiotherapy planning to opti-
mize the quality and safety of treatment and with 
a rigorous radiotherapy quality-assurance process, 
including pretreatment reviews of radiation plans, 
to confirm technical protocol compliance. These 
approaches potentially contributed to the limited 
radiation-related toxicity that was observed. At a 
median follow-up of nearly 10 years, there were 
no increases in cardiac morbidity and mortality 
or in rates of death from other causes associated 
with regional nodal irradiation. We observed a 
near doubling (absolute increase, 4 percentage 
points) in the rate of lymphedema among pa-
tients who were treated with regional nodal ir-
radiation, a finding that was consistent with that 
of previous trials of locoregional therapy.4,19 The 
rate of acute radiation pneumonitis was also sig-
nificantly higher in the nodal-irradiation group 
(absolute increase, 1 percentage point), although 
the condition was uncommon in the two groups. 
It remains too early to assess the influence of 
the additional radiotherapy on heart disease and 
second cancers.

When we designed our trial, there was no plan 
to adjust the P value for multiple comparisons of 
secondary outcomes in the event that the primary 
outcome was not significant. Inferences on the 
observed treatment effects for secondary outcomes 

in our analysis may be less robust because of the 
issue of multiple testing.20

Axillary dissection occurred in 96% of patients 
in our trial. Increasingly, sentinel-lymph-node bi-
opsy without axillary dissection is being per-
formed in patients with sentinel-node–positive 
disease on the basis of the results of the Ameri-
can College of Surgeons Oncology Group Z0011 
trial.21 In the absence of a randomized trial evalu-
ating the addition of regional nodal irradiation 
to whole-breast irradiation in patients with posi-
tive results on sentinel-lymph-node biopsy with-
out axillary dissection, we feel that it is reason-
able to speculate that the results of our study 
may be applicable to such patients, since many 
of the cancer-containing axillary nodes are re-
moved. In addition, in the Z0011 trial, the recur-
rence rates were similar regardless of whether 
an axillary dissection was performed.

In conclusion, the addition of regional nodal 
irradiation to whole-breast irradiation after breast-
conserving surgery in women with node-positive 
or high-risk node-negative breast cancer did not 
improve overall survival but did reduce breast-
cancer recurrence. Our findings indicate the im-
portance of basing treatment decisions on a care-
ful discussion of the potential benefits and risks 
with each patient.
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