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ABSTRACT

BACKGROUND
The benefit of regional nodal irradiation in the treatment of breast cancer is well
established for patients with pathologically positive axillary nodes, but whether it is
also beneficial for patients whose nodes become pathologically tumor free (ypNO)
after neoadjuvant chemotherapy remains unclear.

METHODS

We evaluated whether regional nodal irradiation improves outcomes in patients with
biopsy-proven, node-positive breast cancer who reach ypNO status after neoadjuvant
chemotherapy. Patients with breast cancer with a clinical stage of T1 to T3 (tumor
size, £2 cm to >5 cm), N1, and MO (indicating spread to one to three axillary lymph
nodes but no distant metastasis) who had ypNO status after neoadjuvant chemo-
therapy were randomly assigned to receive regional nodal irradiation or no regional
nodal irradiation. The primary end point was the interval of freedom from invasive
breast cancer recurrence or death from breast cancer (invasive breast cancer recur-
rence—free interval). Secondary end points included the locoregional recurrence—free
interval, the distant recurrence—free interval, disease-free survival, and overall sur-
vival. Safety was also assessed.

RESULTS
A total of 1641 patients were enrolled in the trial; 1556 were included in the pri-
mary-event analysis: 772 in the irradiation group and 784 in the no-irradiation
group. After a median follow-up of 59.5 months, 109 primary end-point events (50
in the irradiation group and 59 in the no-irradiation group) had occurred. Re-
gional nodal irradiation did not significantly increase the invasive breast cancer
recurrence—free interval (hazard ratio, 0.88; 95% confidence interval, 0.60 to 1.28;
P=0.51). Point estimates of survival free from the primary end-point events were
92.7% in the irradiation group and 91.8% in the no-irradiation group. Regional
nodal irradiation did not increase the locoregional recurrence—free interval, the
distant recurrence—free interval, disease-free survival, or overall survival. No deaths
related to the protocol-specified therapy were reported, and no unexpected adverse
events were observed. Grade 4 adverse events occurred in 0.5% of patients in the
irradiation group and 0.1% of those in the no-irradiation group.

CONCLUSIONS
The addition of adjuvant regional nodal irradiation did not decrease the risk of invasive
breast cancer recurrence or death from breast cancer in patients who had negative
axillary nodes after neoadjuvant chemotherapy. (Funded by the National Institutes
of Health; NSABP B-51-Radiation Therapy Oncology Group 1304 ClinicalTrials.gov
number, NCT01872975.)
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DJUVANT REGIONAL NODAL IRRADIA-

tion has been shown to reduce the risk of

locoregional recurrence, distant recurrence,
and death from breast cancer among patients with
early-stage breast cancer who undergo surgery first
and have pathologically involved axillary lymph
nodes.” These benefits are evident irrespective of
the number of lymph nodes involved.”

Preoperative or neoadjuvant chemotherapy
reduces the burden of disease in the breast and
axillary lymph nodes and can allow for patients
to become candidates for lumpectomy rather than
mastectomy. Several randomized clinical trials
have shown the efficacy of neoadjuvant chemo-
therapy to be equivalent to that of adjuvant che-
motherapy.®™° Potential clinical advantages of neo-
adjuvant chemotherapy include reduction in the
extent of surgery needed and improvement in
prognostic stratification.®*"3 A pathological com-
plete response in the breast and axilla has been
consistently shown to predict better outcomes and
can be used for tailoring subsequent adjuvant sys-
temic therapy.

With the increasing use and efficacy of neo-
adjuvant chemotherapy, clinicians often encoun-
ter patients who present with axillary-lymph-node
involvement (i.e., clinically node-positive status)
but whose axillary lymph nodes are pathologically
tumor free (ypNO) after neoadjuvant chemothera-
py. For such patients, no prospective outcome data
show benefit from regional nodal irradiation. This
lack of data has led to clinical uncertainty and
variability in practice with respect to the use of
regional nodal irradiation due to positive axillary
nodes at diagnosis or its omission due to negative
axillary nodes after neoadjuvant chemotherapy.’>

Retrospective studies have shown that patients
with clinically positive axillary nodes that reach
stage ypNO after neoadjuvant chemotherapy have
better outcomes than those whose nodes remain
pathologically positive, findings that create un-
certainty about the need for regional nodal irra-
diation.”" The largest retrospective analysis of
two National Surgical Adjuvant Breast and Bowel
Project (NSABP) trials of neoadjuvant chemothera-
py (B-18 and B-27) attempted to identify indepen-
dent predictors of locoregional recurrence in 3088
patients who received neoadjuvant chemothera-
py, followed by breast irradiation in patients who
underwent a lumpectomy, but no regional nodal
irradiation and no radiation therapy to the chest
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wall in patients who underwent a mastectomy."”
In multivariate analyses, a pathological complete
response in the breast, with ypNO status, was a
significant predictor of lower risk of locoregional
recurrence irrespective of the type of breast sur-
gery (lumpectomy vs. mastectomy). Moreover, pa-
tients with clinically positive axillary lymph nodes
before neoadjuvant chemotherapy whose nodes
became ypNO after surgery had lower rates of
chest-wall and regional nodal recurrence than
those whose nodes remained pathologically posi-
tive (ypN+). We conducted the NSABP B-51-Radia-
tion Therapy Oncology Group 1304 trial to
evaluate whether regional nodal irradiation would
significantly increase the interval of freedom from
recurrence of invasive breast cancer in patients
with clinically node-positive breast cancer whose
nodes reached ypNO status after neoadjuvant che-
motherapy.

METHODS

TRIAL DESIGN AND ELIGIBILITY
This prospective, phase 3, multicenter, random-
ized trial was designed, conducted, and overseen
by NRG Oncology, a member of the National
Clinical Trials Network, sponsored by the National
Cancer Institute (NCI). Medical institutions pri-
marily in Australia, Canada, Ireland, Israel, Japan,
South Korea, and the United States enrolled pa-
tients in the trial. The protocol (available with
the full text of this article at NEJM.org) was ap-
proved by the institutional review board at a
participating institution or by the NCI Central
Institutional Review Board. Written informed
consent was required for enrollment. The NRG
Oncology Statistics and Data Management Cen-
ter collected the data. The first three authors had
full access to the data, analyzed the data, and
vouch for the accuracy and completeness of the
data and for the fidelity of the trial to the proto-
col. The first three authors wrote the first draft
of the manuscript and made the final decision to
submit the manuscript for publication. The trial
received no financial support from industry.
Eligible patients had breast cancer that was
clinical stage T1 to T3 (tumor size, T1, £2 cm;
T2, >2 cm but £5 c¢cm; T3, >5 cm), N1, and MO
(indicating spread to one to three axillary lymph
nodes but no distant metastasis) and operable at
diagnosis, with pathological confirmation of the
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involvement of axillary nodes by either fine-needle
aspiration or core-needle biopsy. Patients must
have completed at least 8 weeks of standard neo-
adjuvant chemotherapy with a regimen that was
anthracycline based, taxane based, or both. Pa-
tients with human epidermal growth factor recep-
tor 2 (HER2)—positive tumors had to also have
received neoadjuvant anti-HER2 therapy (either
with all or part of neoadjuvant chemotherapy),
unless such therapy was medically contraindi-
cated. After neoadjuvant chemotherapy, patients
underwent either a lumpectomy or mastectomy
plus pathological assessment of axillary lymph
nodes by either sentinel-lymph-node biopsy alone
(with at least two sentinel lymph nodes removed)
or axillary-lymph-node dissection with or with-
out previous sentinel-lymph-node biopsy. At sur-
gery, all removed axillary nodes had to be patho-
logically negative (ypNO). Patients could receive
additional adjuvant systemic therapy at the inves-
tigator’s discretion.

Eligible patients were stratified according to
the type of surgery (lumpectomy or mastectomy),
estrogen—progesterone hormone receptor status
(negative or positive), HER2 status (negative or
positive), the use of adjuvant chemotherapy (yes
or no), and the presence or absence of a patho-
logical complete response in the breast. Patients
were then randomly assigned to undergo regional
nodal irradiation (chest-wall irradiation plus re-
gional nodal irradiation after mastectomy or the
addition of regional nodal irradiation to whole-
breast irradiation after lumpectomy) or to under-
go no regional nodal irradiation (with no irra-
diation after mastectomy or with whole-breast
irradiation only after lumpectomy) (Fig. S1 in the
Supplementary Appendix, available at NEJM.org).

TRIAL AIMS AND END POINTS

The primary aim of the trial was to evaluate
whether patients who received regional nodal ir-
radiation (the irradiation group) would have a
longer invasive breast cancer recurrence—free inter-
val than patients who did not receive regional
nodal irradiation (the no-irradiation group). The
invasive breast cancer recurrence—free interval (ac-
cording to Standardized Definitions for Efficacy
End Points [STEEP] criteria) was defined as the
time from randomization to invasive locoregional
recurrence, distant recurrence, or death from
breast cancer.?
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Secondary end points (reported herein) were
overall survival (defined as the time from random-
ization to death from any cause); the locoregional
recurrence—free interval (defined as the time from
randomization to the recurrence of breast cancer
within the breast [invasive or ductal carcinoma
in situ] or in lymph nodes of the ipsilateral ax-
illa, infraclavicular fossa, or ipsilateral internal
mammary chain without evidence of distant
disease, or death from breast cancer); the distant
recurrence—free interval (defined as the time from
randomization to the development of distant re-
currence or death from breast cancer), and dis-
ease-free survival.”® Safety was also evaluated.
Additional secondary end points, including qual-
ity-of-life measures, are not reported here.

RADIATION THERAPY REGIMENS

Patients assigned to receive regional nodal irra-
diation received 50 Gy in 25 fractions delivered
to the retained portion of level I to III axillary
nodes after sentinel-lymph-node biopsy or axillary-
lymph-node dissection, supraclavicular nodes, and
internal mammary nodes within the first three
to four intercostal spaces, along with the chest
wall after mastectomy or the whole breast after
lumpectomy. Patients assigned to omit regional
nodal irradiation received no radiation therapy
after mastectomy or received whole-breast irra-
diation after lumpectomy (a total of 50 Gy in 25
fractions followed by boosts totaling 12 to 14 Gy
in 6 to 7 fractions delivered to the surgery site).
A radiation boost was required after whole-breast
irradiation but was allowed only with permission
after chest-wall irradiation. A bolus to increase
the dose to the skin was not permitted.

All the patients underwent computed tomog-
raphy (CT) simulation, which was followed by
the delineation of targets for the breast or chest
wall, regional nodes, and organs at risk (namely,
the heart, lungs, and thyroid) (Table S1), and
were treated with the use of three-dimensional
conformal or intensity-modulated radiation ther-
apy. We required physician approval of a compos-
ite radiation treatment plan with dose—volume
analyses to ensure that protocol-specified dose
constraints for target areas and organs at risk
were not exceeded. A two-step radiation quality-
assurance process involved centralized bench-
marking at each trial site and individual review
of each case (Table S2).
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic
Age
Median — yr
Distribution — no. (%)
<39yr
40-49 yr
50-59 yr
=60 yr
Race — no. (%)t
Asian
Black
White
Other or unknown
Ethnic group — no. (%)
Hispanic or Latino
Not Hispanic or Latino
Unknown
Type of surgery — no. (%)
Lumpectomy

Mastectomy

Clinical tumor stage — no. (%)

Tl
T2
T3
HR status — no. (%)
Negative
Positive
HER?2 status — no. (%)
Negative
Positive
Tumor subtype — no. (%)

Triple negative

HR positive and HER2 negative
HR negative and HER2 positive
HR positive and HER2 positive
Adjuvant chemotherapy — no. (%)

No

Yes

Pathological complete response in breast — no. (%)

Absent

Present

Regional Nodal Irradiation

(N=820)

52

120
215
274
211

(14.6)
(26.2)
(33.4)
(25.7)
3(65)

(17.9)
(69.3)
2(6.3)

147
568

118 (14.4)
675 (82.3)
27 3.3)

473 (57.7)
347 (42.3)

170 (20.7)
499 (60.9)
151 (18.4)

386 (47.1)
434 (52.9)

355 (43.3)
465 (56.7)

191 (23.3)
164 (20.0)
195 (23.8)
270 (32.9)
813 (99.1)
7 (0.9)

176 (21.5)
644 (78.5)

No Regional Nodal Irradiation
(N=821)

52

119 (14.5)
207 (25.2)
266 (32.4)
229 (27.9)
64 (7.8)
(16.9)
(69.3)
49 (6.0)

139
569
114 (13.9)

682 (83.1)
25 (3.0)

474 (57.7)
347 (42.3)

171 (20.8)
484 (59.0)
166 (20.2)

382 (46.5)
439 (53.5)

356 (43.4)
465 (56.6)

175 (21.3)
181 (22.0)
207 (25.2)
258 (31.4)
817 (99.5)

4(0.5)

182 (22.2)
639 (77.8)
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Table 1. (Continued.)

Characteristic

Axillary staging — no. (%)
Sentinel-lymph-node biopsyf§
Axillary-lymph-node dissection€|

Regional Nodal Irradiation

No Regional Nodal Irradiation

(N=820) (N=821)
461 (56.2) 448 (54.6)
359 (43.8) 373 (45.4)

* Data are shown for all patients enrolled in the trial. Percentages may not total 100 because of rounding. HER2 denotes
human epidermal growth factor receptor 2, and HR hormone receptor.

7 Race and ethnic group were reported by the patients and were recorded in the National Cancer Institute Cancer Trials
Support Unit Oncology Patient Enrollment Network system by the coordinator of the enrolling site at the time of enrollment.

I Tumors were staged according to size as T1 (<2 cm), T2 (>2 cm but <5 cm), or T3 (>5 cm).

§ Numbers include only those patients who had sentinel-lymph-node biopsy alone, without axillary-lymph-node dissection.

9 Numbers include patients who had axillary-lymph-node dissection with or without previous sentinel-lymph-node biopsy.

STATISTICAL ANALYSIS
The primary analysis was based on the intention-
to-treat principle. Differences between trial groups
were assessed with the use of a stratified log-rank
test, which controlled for stratification factors.
A pooling strategy for stratification factors was
implemented so that at least five events per trial
group were included in any individual stratum.
The stratified Cox proportional-hazards model
was used to estimate the hazard ratios and con-
fidence intervals. The assumption of proportion-
ality of hazards between trial groups was tested
for all time-to-event end points.?! A two-sided
P value of less than 0.05 was considered to indi-
cate statistical significance. No adjustment for
multiplicity was planned for the analyses of the
secondary end points and subgroup analyses.
The trial was designed to have 80% power to
test the hypothesis that treatment with regional
nodal irradiation would reduce the annual haz-
ard rate of primary end-point events by 35%. We
anticipated the enrollment of 1636 patients dur-
ing a 5-year period (approximately 28 patients per
month), with 2 additional years of follow-up. Three
formal interim analyses of the primary end
point for efficacy and futility — after 43, 86, and
129 events were observed — were scheduled to
take place before a definitive analysis. We planned
to conduct the final analysis after 172 events had
been observed. The protocol also specified that
if the total number of events was less than the
number expected for the final analysis by 10 years
after the activation of the trial (August 2023),
consideration would be given to reporting the
results without waiting for additional events.
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RESULTS

TRIAL DATES AND TIMING OF ANALYSES

The trial was activated in August 2013 and closed
to enrollment in December 2020. The first two
interim analyses were conducted on the basis of
data-cutoff dates of October 31, 2019, and Octo-
ber 31, 2021. As of August 2023, the number of
events expected for the third interim analysis
had not occurred. We therefore conducted the
final analysis on the basis of the time elapsed, as
prespecified in the protocol. Analyses reported
here include all data accumulated as of Septem-
ber 14, 2023. We enrolled a total of 1641 patients
(100.3% of the prespecified target of 1636 pa-
tients) (Fig. S2); 2 patients were not at risk for
the primary end point and were excluded from
the final analysis. As of the final data-cutoff date,
follow-up information was available for 1602 pa-
tients (800 in the irradiation group and 802 in
the no-irradiation group). The median follow-up
was 59.5 months (interquartile range, 40.7 to 74.1).
Among 1602 patients for whom follow-up data
were available, 46 (28 in the irradiation group
and 18 in the no-irradiation group) did not have
a clinical assessment. Therefore, the primary-
event analysis included 1556 patients with clinical
follow-up (772 in the irradiation group and 784
in the no-irradiation group).

PATIENT AND TREATMENT CHARACTERISTICS

The characteristics of the patients at baseline were
well balanced between trial groups (Table 1). The
median age was 52 years (interquartile range, 44
to 60), with 40.3% of patients under 50 years of
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Table 2. Primary and Secondary End-Point Events.*

Event

Primary end point

Invasive breast cancer recurrence or death from
breast cancer

Distant recurrencey

Synchronous locoregional recurrence and distant
recurrences

Isolated locoregional recurrence
Death from breast cancer
Secondary end points
Locoregional recurrence
Local recurrence§
Regional recurrence|
Locoregional recurrence|
Distant recurrence or death from breast cancer
Distant recurrence
Death from breast cancer
Disease recurrence or death
Distant recurrence
Locoregional recurrence
Second primary cancer

Death from any cause

Regional Nodal Irradiation No Regional Nodal Irradiation
(N=772) (N=784)
number (percent)

50 (6.5) 59 (7.5)
41 (5.3) 36 (4.6
2(0.3) 9 (L1
4(0.5) 11 (14
3 (0.4) 3 (0.4)
6 (0.8) 11 (1.4)
6(0.8) 2(0.3)
0 8 (1.0)
0 1(0.1)
46 (6.0) 48 (6.1)
43 (5.6) 45 (5.7)
3 (0.4) 3 (0.4)
85 (11.0) 83 (10.6)
43 (5.6) 45 (5.7)
6(0.8) 11 (1.4)
19 (2.5) 16 (2.0)
17 (2.2) 11 (1.4)

* Data are shown for all patients included in the efficacy analysis (all those who underwent randomization and had clini-

cal follow-up data available).

(=)

Numbers include those with distant recurrence with no evidence of locoregional recurrence.
Numbers include those with locoregional recurrence and evidence of distant recurrence within 60 days.
Local recurrence included 2 cases of ductal carcinoma in situ (both in patients who received regional nodal irradiation),

4 cases of invasive recurrence in the breast (3 in patients who received regional nodal irradiation and 1 in a patient who
did not), and 2 cases of invasive recurrence in the chest wall (1 in each group).
9 Regional recurrence was defined as recurrence in axillary, infraclavicular, supraclavicular, or internal mammary nodal

sites.

| Locoregional recurrence in one case was reported in the chest wall, axilla, and internal mammary lymph nodes.

age; 17.4% were Black, and 14.1% were Hispanic
or Latino. Information regarding the represen-
tativeness of the trial population is shown in
Table S3.

The majority of patients (59.9%) had a clinical
T2 tumor (>2 c¢cm but £5 cm); 53.2% had hor-
mone receptor—positive cancer, and 56.7% had
HER2-positive cancer. A total of 79.0% of pa-
tients had either triple-negative or HER2-positive
cancer. A pathological complete response to treat-
ment (in the breast and nodes) occurred in 78.2%
of patients; 57.7% underwent a lumpectomy, 42.3%
underwent a mastectomy, and 55.4% underwent

N ENGL J MED 392,21

sentinel-lymph-node biopsy. Few patients (0.7%)
received adjuvant chemotherapy. The proportion
of patients who received anti-HER2 therapy was
similar in the two trial groups (Table S4). A
quality-assurance review of radiation treatment
was completed for 80.7% of patients. When the
quality-assurance review was performed, the
per-protocol or acceptable-variation standards for
delineating target volume and organs at risk
were met in 94.4% of cases (92.0% with regional
nodal irradiation vs. 98.4% without regional
nodal irradiation), and the per-protocol or accept-
able-variation standards for radiation-dose deliv-
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100+ —
No RNI
804
0
£ No.of  5-Year
2 Events Estimate
£ 60+
% percent
@ RNI 50 92.7
g 0 NoRNI 59 91.8
] Hazard ratio for invasive
o breast cancer recurrence or
20+ death from breast cancer
0.88 (95% Cl, 0.60-1.28)
P=0.51
0 T T T T T 1
0 12 24 36 48 60 72
Months since Randomization
No. at Risk
RNI 772 717 644 544 427 294 172
No RNI 784 744 663 557 437 309 192
Figure 1. Effect of Regional Nodal Irradiation on the Invasive Breast Cancer Recurrence—free Interval.
Shown is the 5-year estimate of survival free from invasive breast cancer recurrence or death from breast cancer.
RNI denotes regional nodal irradiation.

ery according to dose—volume analysis were met
in 95.8% of cases (94.5% with regional nodal
irradiation vs. 98.0% without regional nodal ir-
radiation).

EFFICACY ANALYSES

A total of 109 primary end-point events (50 in the
irradiation group and 59 in the no-irradiation
group) occurred (Table 2). Regional nodal irra-
diation did not significantly increase the interval
to invasive breast cancer recurrence or death from
breast cancer (hazard ratio, 0.88; 95% confidence
interval [CI], 0.60 to 1.28; P=0.51) (Fig. 1). Point
estimates of survival free from primary end-point
events at 5 years were 92.7% in the irradiation
group and 91.8% in the no-irradiation group.

Similarly, no reduction in the locoregional
recurrence—free interval with regional nodal ir-
radiation was observed (hazard ratio, 0.57; 95%
CI, 0.21 to 1.54) (Fig. 2A), with 17 events having
occurred by the data-cutoff date (Table 2). Eight
(47.1%) of the recurrences were in the axilla or
infraclavicular area. Point estimates of loco-
regional recurrence—free survival at 5 years were
98.9% in the irradiation group and 98.4% in the
no-irradiation group.

No difference in the distant recurrence—free
interval was noted between trial groups (hazard
ratio, 1.00; 95% CI, 0.67 to 1.51); the point esti-
mate of distant recurrence—free survival at 5 years
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was 93.4% with or without regional nodal irra-
diation (Fig. 2B). No apparent difference in dis-
ease-free survival was observed (hazard ratio, 1.06;
95% CI, 0.79 to 1.44); point estimates of disease-
free survival at 5 years were 88.3% in the irradia-
tion group and 88.5% in the no-irradiation group
(Fig. 2C).

Among 1802 patients included in the analysis
of overall survival, 94 patients died: 49 in the
irradiation group and 45 in the no-irradiation
group (hazard ratio, 1.12; 95% CI, 0.75 to 1.68)
(Fig. 2D). Point estimates of 5-year overall sur-
vival were 93.6% in the irradiation group and
94.0% in the no-irradiation group.

The effect of regional nodal irradiation in
subgroups defined according to stratification
variables (the type of breast surgery [lumpectomy
vs. mastectomy], hormone receptor status, HER2
status, the presence or absence of a pathological
complete response in the breast, and the receipt
or lack of adjuvant chemotherapy) was consistent
with the effect among the trial population over-
all (Fig. 3A). In an exploratory analysis, the ef-
fect of regional nodal irradiation was examined
according to age, race, breast cancer subtype,
and the type of axillary surgery (Fig. 3B); the
results indicated potential differences in the ef-
fect of regional nodal irradiation among patients
with cancer that was triple negative (hazard ratio
for invasive breast cancer recurrence or death from
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Figure 2. Effects of Regional Nodal Irradiation on Secondary End Points.
Shown are effects of regional nodal irradiation on the locoregional recurrence—free interval (Panel A), the distant recurrence—free inter-
val (Panel B), disease-free survival (Panel C), and overall survival (Panel D).
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breast cancer, 2.30; 95% CI, 1.00 to 5.25) or
hormone receptor positive and HER2 negative
(hazard ratio, 0.41; 95% CI, 0.17 to 0.99).

SAFETY

Safety information was available for 1559 pa-
tients (759 in the irradiation group and 800 in
the no-irradiation group). There were no deaths
related to protocol-specified therapy and no un-
expected adverse events. Grade 4 adverse events
occurred in 0.5% of patients in the irradiation
group and 0.1% of those in the no-irradiation
group; grade 3 adverse events occurred in 10.0%
and 6.5%, respectively. The most common grade
3 adverse event was radiation dermatitis, which
occurred in 5.7% of patients in the irradiation
group and 3.3% of those in the no-irradiation
group (Table S5).
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DISCUSSION

Whether regional nodal irradiation should be used
in patients with breast cancer who present with
axillary-lymph-node involvement but reach ypNO
status after neoadjuvant chemotherapy has been
uncertain. The results of our trial indicate that
patients with positive axillary lymph nodes who
reach stage ypNO after neoadjuvant chemothera-
py have low rates of disease recurrence and do
not receive a statistically significant benefit from
regional nodal irradiation at 5 years. These re-
sults support a shift in treatment strategy in that
regional nodal irradiation can be tailored in pa-
tients treated with neoadjuvant chemotherapy on
the basis of their pathological nodal response.
Our trial has multiple important aspects. Al-
though numerous previous clinical trials have
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A Subgroup Analysis

Subgroup RNI No RNI 5-Year Estimate Hazard Ratio (95% Cl)
RNl No RNI
no. of events/total no. of patients percent
All patients 50/772  59/784 92.7 918 —o—i 0.88 (0.60-1.28)
Surgery H
Lumpectomy 28/454  26/454 928 935 I—EO—| 1.08 (0.63-1.84)
Mastectomy 22/318 33/330 92.6 89.5 —0—1 0.72 (0.42-1.23)
HR status E
Negative 31/371  28/367 %0.4 917 —e— 1.12 (0.67-1.86)
Positive 19/401  31/417 949 921 —— 0.66 (0.37-1.16)
HER2 status H
Negative 26/343  25/342 909 926 —— 1.01 (0.59-1.76)
Positive 24/429 34/442 94.3 91.3 —e— 0.77 (0.46-1.31)
pCR in breast i
Absent 15/172 20/173 90.3 87.8 E————| 0.74 (0.38-1.45)
Present 35/600  39/611 935  93.0 —e—i 0.93 (0.59-1.47)
Use of adjuvant chemotherapy H
No 50/766  57/780 927 921 —o— 0.92 (0.63-1.34)
Yes 0/6 2/4 !
0A1I25 0.I25 0‘I50 1 60 2.60 4‘:)0 8 60
RNI Better No RNI Better
B Exploratory Analysis
Subgroup RNI No RNI 5-Year Estimate Hazard Ratio (95% Cl)
RNl No RNI
no. of events/total no. of patients percent
All patients 50/772  59/784 927 918 —o—i 0.88 (0.60-1.28)
Age H
<49 yr 24/312  18/311 920 923 ————i 1.37 (0.74-2.54)
50-59 yr 12/254 25/257 94.4 90.4 —e—i 0.51 (0.25-1.03)
=60 yr 14/206  16/216 917 924 —e— 0.96 (0.46-1.99)
Race \
Black 8/140  11/135 934 926 —_— 0.70 (0.27-1.77)
White 36/533 40/543 92.1 91.6 —e— 1.00 (0.63-1.57)
Other 6/99 8/106 953 918 | o | 0.84 (0.28-2.52)
Tumor subtype H
Triple negative 19/188  8/169 83.4 950 F——e———  2.30(1.00-5.25)
HR+, HER2- 7/155 17/173 94.0 90.5 ———— 0.41 (0.17-0.99)
HR-, HER2+ 12/183  20/198 924 388 ——— 0.63 (0.31-1.28)
HR+, HER2+ 12/246 14/244 95.7 93.3 —e— 0.99 (0.46-2.14)
Axillary surgery E
ALND with or without SLNB 25/338 27/357 91.8 92.0 —— 1.02 (0.59-1.75)
SLNB alone 25/434 32/427 93.5 91.5 I—Q—:—| 0.75 (0.44-1.26)
T

T T i
0.125 025 050 1.00 2.00 4.00 8.00
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Figure 3. Subgroup Analysis of the Invasive Breast Cancer Recurrence—free Interval.

Shown are results from the analysis of the invasive breast cancer recurrence—free interval in prespecified subgroups (Panel A) and results
from an exploratory analysis according to additional variables (Panel B). ALND denotes axillary-lymph-node dissection, HER2 human epi-
dermal growth factor receptor 2, HR hormone receptor, pCR pathological complete response, and SLNB sentinel-lymph-node biopsy.

shown benefit from regional nodal irradiation in ed with node-positive breast cancer but whose
patients with positive axillary lymph nodes who axillary lymph nodes were pathologically negative
undergo surgery first,’” this trial evaluated re- after neoadjuvant chemotherapy. Our trial results
gional nodal irradiation in patients who present- show that a pathological complete response in
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axillary lymph nodes was predictive of a lack of
benefit from regional nodal irradiation.

In previous trials of regional nodal irradiation
in patients treated with upfront surgery, the ma-
jority of patients had hormone receptor—positive,
HER2-negative cancer, which reflects the typical
distribution of subtypes in newly diagnosed dis-
ease. In contrast, the majority of patients (79.0%)
in our trial had breast cancer that was HER2 posi-
tive (56.7%) or triple negative (22.3%) owing to
the higher likelihood of a pathological response in
patients with these subtypes.

This multicenter trial required volume-based
CT planning for regional nodal irradiation, with
the use of three-dimensional conformal radiation
therapy or intensity-modulated radiation therapy,
and the protocol specified goals based on dose—
volume histograms for target coverage and avoid-
ance of organs at risk. A centralized program of
quality assurance ensured accurate delivery of
radiation therapy, so variation in treatment qual-
ity or delivery cannot explain the lack of benefit
from regional nodal irradiation. The incidence of
grade 3 dermatitis, an adverse event commonly
associated with radiation therapy, was 5.7% among
patients who received regional nodal irradiation, a
finding that reflects the safety that is achievable
with the use of these methods for the delivery of
regional nodal irradiation when indicated. Radia-
tion therapy was delivered with conventional
fractionation (a total dose of 50 Gy was given in
25 fractions); however, our findings are equally
applicable to moderately hypofractionated radia-
tion therapy.?

The results of the exploratory analysis of sub-
groups stratified according to breast cancer sub-
types should be viewed with caution because the
number of patients in each subgroup was ap-
proximately a quarter of the overall patient popu-
lation, which resulted in wide confidence inter-
vals around the estimates. Longer follow-up may
influence these results, especially for some bio-
logic subtypes. For patients with triple-negative
breast cancer, it is hard to explain results indi-
cating greater risk of recurrence among patients
who received regional nodal irradiation. Because
most recurrences of triple-negative breast cancer
occur within the first 5 years, it is unlikely that
longer follow-up would substantially change the
event rates such that the results would show a
benefit from regional nodal irradiation. On the
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other hand, evidence of a benefit from regional
nodal irradiation was observed among patients
with hormone-sensitive, HER2-negative disease.
Patients with this disease subtype generally have
a longer time to recurrence, typically more than
5 years,” so additional follow-up is needed for
more-definitive assessment of the benefit of re-
gional nodal irradiation. In cases involving up-
front surgery, previous data have shown a greater
benefit from postmastectomy radiation therapy
and regional nodal irradiation in patients with
luminal cancers than in those with other sub-
types.2?5

Our trial has some limitations. The observed
5-year cumulative incidence of invasive breast can-
cer recurrence or death from breast cancer (8.2%)
was approximately 40% lower than projected on
the basis of the combined analysis of the NSABP
B-18 and B-27 trials,'® and the estimate based on
that analysis had been adjusted downward by 15%
to account for the fact that estimates of recurrence
rates based on data from older clinical trials tend
to be higher than actual recurrence rates in the
current breast cancer population. This pattern has
been seen across other breast cancer trials.”® As
a result of the low incidence of events, we con-
ducted a time-driven analysis as specified in the
protocol, but the number of primary end-point
events included was considerably less than the
number that would have been included in an event-
driven analysis (109 vs. 172). Patient follow-up
continues, and we expect to report updated analy-
ses when the number of events specified for the
event-driven analysis is reached. Patients with
negative axillary nodes after surgery were eligi-
ble for the trial even if they had isolated tumor
cells remaining (ypNOi+ status). However, we did
not collect this information upon trial enrollment,
so we do not know the proportion of patients
with ypNOi+ status or the specific outcomes in
these patients. Previous studies have shown that
the prevalence of ypNOi+ status is low (approxi-
mately 1.5 to 6.0%),”% and thus the effect of
including such patients in our trial would prob-
ably be negligible.

One of the challenges in deescalating locore-
gional therapy (radiation therapy or surgery) is
the potential for escalation of adjuvant systemic
therapy. This effect was not observed in our trial,
since only 0.7% of patients received adjuvant
chemotherapy (0.9% of those in the irradiation
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group and 0.5% of those in the no-irradiation
group).

Outcomes among patients with breast cancer
will probably continue to improve owing to sev-
eral important developments in neoadjuvant sys-
temic therapy, including the use of dual anti-HER2
therapy for HER2-positive breast cancer, as well
as carboplatin and checkpoint inhibitors for
triple-negative breast cancer. These treatments
will probably continue to increase the number of
patients whose axillary lymph nodes convert
from positive to negative, making the findings
from this trial applicable to more patients in the
future. In addition, new developments in post-
neoadjuvant systemic therapy — such as anti-
body-drug conjugates for HER2-positive breast
cancer; capecitabine for triple-negative breast
cancer; CDK4/6 inhibitors for hormone receptor—
positive, HER2-negative breast cancer; and poly-
(adenosine diphosphate—ribose) polymerase (PARP)
inhibitors for patients with deleterious muta-
tions in BRCA genes — will probably continue
to improve outcomes in patients treated with neo-
adjuvant chemotherapy, which will further mini-
mize the potential benefit from locoregional treat-
ments. Most of these developments were not part
of standard clinical practice during the enrollment
period in our trial.

Our trial showed that in patients with biopsy-
proven axillary-lymph-node involvement whose
positive axillary lymph nodes reached ypNO sta-
tus with neoadjuvant chemotherapy, the use of
regional nodal irradiation did not improve onco-
logic outcomes at 5 years. The use of pathological
response to neoadjuvant chemotherapy to guide
the use of regional nodal irradiation expands the
clinical utility of the neoadjuvant approach. Patient
follow-up continues for evaluation of longer-term
outcomes.

Supported by grants (U10CA180868, U10CA180822, UG-
1CA189867, and U24CA196067) from the National Institutes
of Health.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available
with the full text of this article at NEJM.org.

We thank the patients and their families; the staff members
of the National Surgical Adjuvant Breast and Bowel Project
(NSABP), NRG Oncology, and the NRG Oncology Statistics and
Data Management Center; and Wendy L. Rea, B.A., editorial as-
sociate, and Ana A. Stephens, B.A., publications and graphics
specialist (both employees of the NSABP Foundation) for as-
sistance with editing and preparation of the manuscript for sub-
mission and with graphics and publication, respectively.

AUTHOR INFORMATION

Eleftherios P. Mamounas, M.D.,! Hanna Bandos, Ph.D.,2* Ju-
lia R. White, M.D.,* Thomas B. Julian, M.D.,® Atif J. Khan, M.D.,®
Simona F. Shaitelman, M.D.,” Mylin A. Torres, M.D.,® Frank A.
Vicini, M.D.,° Patricia A. Ganz, M.D.,’!! Susan A. McCloskey,
M.D.,*? Peter C. Lucas, M.D., Ph.D.,*!¢ Nilendu Gupta, Ph.D.,"”
X. Allen Li, Ph.D.,** Beryl McCormick, M.D.,* Benjamin Smith,
M.D.,” Rahul D. Tendulkar, M.D.,’*?° Vivek S. Kavadi, M.D.,!
Koji Matsumoto, M.D.,?? Samantha Andrews Seaward, M.D.,?
William J. Irvin, Jr., M.D.,? Jolinta Y. Lin, M.D.,® Robert W. Mut-
ter, M.D.,%* Thierry M. Muanza, M.Sc.,* Jannifer Stromberg,
M.D.,” Reshma Jagsi, M.D., Ph.D.,* Anna C. Weiss, M.D., % Wal-
terJ. Curran, Jr., M.D.,” and Norman Wolmark, M.D 21930

! AdventHealth Cancer Institute, Orlando, FL; 2NRG Oncology
Statistical and Data Management Center, Pittsburgh; *Univer-
sity of Pittsburgh School of Public Health, Department of Bio-
statistics and Health Data Science, Pittsburgh; *University of
Kansas Medical Center Comprehensive Cancer Center, Kansas
City; SAllegheny Health Network Cancer Institute, Pittsburgh;
$Memorial Sloan Kettering Cancer Center, New York; 7 Univer-
sity of Texas M.D. Anderson Cancer Center, Houston; #Winship
Cancer Institute, Emory University School of Medicine, Atlanta;
®Michigan Healthcare Professionals, Pontiac; **Jonsson Com-
prehensive Cancer Center, University of California, Los Ange-
les, Los Angeles; * UCLA Fielding School of Public Health, Los
Angeles; 2University of California, Los Angeles, Los Angeles;
¥ National Surgical Adjuvant Breast and Bowel Project Pathol-
ogy Lab, Pittsburgh; *University of Pittsburgh Medical Center
Hillman Cancer Center, Pittsburgh; ** University of Pittsburgh
School of Medicine, Pittsburgh; **Department of Laboratory
Medicine and Pathology, Mayo Clinic, Rochester, MN; ¥ Ohio
State University, James Cancer Hospital, Columbus; ** Medical
College of Wisconsin, Milwaukee; 1 Case Western Reserve Uni-
versity Case Comprehensive Cancer Center, Cleveland; ** Tauss-
ig Cancer Center, Cleveland Clinic, Cleveland; 2 Texas Oncolo-
gy, US Oncology Network, The Woodlands; Hyogo Cancer
Center, Akashi, Hyogo, Japan; ZKaiser Permanente National
Cancer Institute Community Oncology Research Program,
Vallejo, CA; #Bon Secours Cancer Institute, Southeast Clinical
Oncology Research Consortium, National Cancer Institute
Community Oncology Research Program, Midlothian, VA;
2Mayo Clinic, Rochester, MN; 2 McGill University, Lady Davis
Institute for Medical Research, Sir Mortimer B. Davis Jewish
General Hospital, Montreal; ? Corewell Health, Oakland Uni-
versity Beaumont School of Medicine, Sterling Heights, Ml;
ZUniversity of Rochester School of Medicine and Dentistry,
Rochester, NY; ? Piedmont Oncology Institute, Atlanta; 3**Na-
tional Surgical Adjuvant Breast and Bowel Project Foundation,
Pittsburgh.

REFERENCES

1. Overgaard M, Hansen PS, OvergaardJ, 2. Ragaz],Jackson SM, Le N, etal. Adju- et al. Postoperative radiotherapy in high-
et al. Postoperative radiotherapy in high- vant radiotherapy and chemotherapy in risk postmenopausal breast-cancer patients
risk premenopausal women with breast node-positive premenopausal women with — given adjuvant tamoxifen: Danish Breast
cancer who receive adjuvant chemothera-  breast cancer. N EnglJ Med 1997;337:956-62.  Cancer Cooperative Group DBCG 82c ran-

py. N Engl J Med 1997;337:949-55.

N ENGLJ MED 392;21

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

3. Overgaard M, Jensen MB, Overgaard ), domised trial. Lancet 1999;353:1641-8.

NEJM.ORG JUNE 5, 2025

Downloaded from nejm.org by Victor Acosta on June 5, 2025. For personal use only.
No other uses without permission. Copyright © 2025 Massachusetts Medical Society. All rights reserved.

2123



2124

OMITTING REGIONAL NODAL IRRADIATION

4. Whelan TJ, Olivotto IA, Parulekar WR,
et al. Regional nodal irradiation in early-
stage breast cancer. N Engl J Med 2015;
373:307-16.

5. Poortmans PM, Collette S, Kirkove C,
et al. Internal mammary and medial su-
praclavicular irradiation in breast cancer.
N Engl J Med 2015;373:317-27.

6. Early Breast Cancer Trialists’ Collab-
orative Group. Favourable and unfavour-
able effects on long-term survival of ra-
diotherapy for early breast cancer: an
overview of the randomised trials. Lancet
20005;355:1757-70.

7. McGale P, Taylor C, Correa C, et al.
Effect of radiotherapy after mastectomy and
axillary surgery on 10-year recurrence and
20-year breast cancer mortality: meta-anal-
ysis of individual patient data for 8135
women in 22 randomised trials. Lancet
2014;383:2127-35.

8. Bonadonna G, Veronesi U, Brambilla
C, et al. Primary chemotherapy to avoid
mastectomy in tumors with diameters of
three centimeters or more. J Natl Cancer
Inst 1990;82:1539-45.

9. Fisher B, Brown A, Mamounas E, et al.
Effect of preoperative chemotherapy on
local-regional disease in women with op-
erable breast cancer: findings from Na-
tional Surgical Adjuvant Breast and Bowel
Project B-18. J Clin Oncol 1997;15:2483-93.
10. Early Breast Cancer Trialists’ Collabora-
tive Group (EBCTCG). Long-term outcomes
for neoadjuvant versus adjuvant chemother-
apy in early breast cancer: meta-analysis of
individual patient data from ten randomised
trials. Lancet Oncol 2018;19:27-39.

11. Kahler-Ribeiro-Fontana S, Pagan E,
Magnoni F, et al. Long-term standard sen-
tinel node biopsy after neoadjuvant treat-
ment in breast cancer: a single institution
ten-year follow-up. EurJ Surg Oncol 2021;
47:804-12.

12. Martelli G, Barretta F, Miceli R, et al.
Sentinel node biopsy alone or with axil-
lary dissection in breast cancer patients
after primary chemotherapy: long-term

N ENGL J MED 392,21

results of a prospective interventional
study. Ann Surg 2022;276(5):e544-e552.
13. Wong SM, Basik M, Florianova L, et al.
Oncologic safety of sentinel lymph node
biopsy alone after neoadjuvant chemother-
apy for breast cancer. Ann Surg Oncol
2021;28:2621-9.

14. Cortazar P, Zhang L, Untch M, et al.
Pathological complete response and long-
term clinical benefit in breast cancer: the
CTNeoBC pooled analysis. Lancet 2014;
384:164-72.

15. Haffty BG, McCall LM, Ballman KV,
et al. Patterns of local-regional manage-
ment following neoadjuvant chemothera-
py in breast cancer: results from ACOSOG
71071 (Alliance). Int J Radiat Oncol Biol
Phys 2016;94:493-502.

16. Morrow M, Khan AJ. Locoregional
management after neoadjuvant chemo-
therapy. J Clin Oncol 2020;38:2281-9.

17. Mamounas EP, Anderson SJ, Dignam
JJ, et al. Predictors of locoregional recur-
rence after neoadjuvant chemotherapy: re-
sults from combined analysis of National
Surgical Adjuvant Breast and Bowel Proj-
ect B-18 and B-27. J Clin Oncol 2012;30:
3960-06.

18. Mougalian SS, Hernandez M, Lei X,
et al. Ten-year outcomes of patients with
breast cancer with cytologically confirmed
axillary lymph node metastases and patho-
logic complete response after primary sys-
temic chemotherapy. JAMA Oncol 2016;2:
508-16.

19. Krug D, Lederer B, Seither F, et al.
Post-mastectomy radiotherapy after neo-
adjuvant chemotherapy in breast cancer: a
pooled retrospective analysis of three pro-
spective randomized trials. Ann Surg On-
col 2019;26:3892-901.

20. Hudis CA, Barlow WE, Costantino JP,
et al. Proposal for standardized defini-
tions for efficacy end points in adjuvant
breast cancer trials: the STEEP system.
J Clin Oncol 2007;25:2127-32.

21. Lin DY, Wei LJ, Ying Z. Checking the
Cox model with cumulative sums of martin-

gale-based residuals. Biometrika 1993;80:
557-72 (https://academic.oup.com/biomet/
article-abstract/80/3/557/230970).

22. Wang SL, Fang H, Song Y-W, et al. Hy-
pofractionated versus conventional frac-
tionated postmastectomy radiotherapy for
patients with high-risk breast cancer: a ran-
domised, non-inferiority, open-label, phase
3 trial. Lancet Oncol 2019;20:352-60.

23. Pan H, Gray R, Braybrooke J, et al. 20-
year risks of breast-cancer recurrence af-
ter stopping endocrine therapy at 5 years.
N Engl J Med 2017;377:1836-46.

24, Kyndi M, Sorensen FB, Knudsen H, et
al. Estrogen receptor, progesterone recep-
tor, HER-2, and response to postmastec-
tomy radiotherapy in high-risk breast can-
cer: the Danish Breast Cancer Cooperative
Group. J Clin Oncol 2008;26:1419-26.

25. Tseng YD, Uno H, Hughes ME, et al.
Biological subtype predicts risk of locore-
gional recurrence after mastectomy and
impact of postmastectomy radiation in a
large national database. Int J Radiat On-
col Biol Phys 2015;93:622-30.

26. Early Breast Cancer Trialists’ Collab-
orative Group. Reductions in recurrence
in women with early breast cancer enter-
ing clinical trials between 1990 and 2009:
a pooled analysis of 155 746 women in
151 trials. Lancet 2024;404:1407-18.

27. Moo T-A, Edelweiss M, Hajiyeva S, et
al. Is low-volume disease in the sentinel
node after neoadjuvant chemotherapy an
indication for axillary dissection? Ann
Surg Oncol 2018;25:1488-94.

28. Boughey JC, Suman VJ, Mittendorf
EA, et al. Sentinel lymph node surgery af-
ter neoadjuvant chemotherapy in patients
with node-positive breast cancer: the
ACOSOG Z1071 (Alliance) clinical trial.
JAMA 2013;310:1455-61.

29. Boileau J-F, Poirier B, Basik M, et al.
Sentinel node biopsy after neoadjuvant
chemotherapy in biopsy-proven node-pos-
itive breast cancer: the SN FNAC study.
J Clin Oncol 2015;33:258-64.

Copyright © 2025 Massachusetts Medical Society.

NEJM.ORG JUNE 5, 2025

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org by Victor Acosta on June 5, 2025. For personal use only.
No other uses without permission. Copyright © 2025 Massachusetts Medical Society. All rights reserved.


https://academic.oup.com/biomet/article-abstract/80/3/557/230970
https://academic.oup.com/biomet/article-abstract/80/3/557/230970

