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ABSTRACT

Background. The role of postmastectomy radiotherapy
(PMRT) in breast cancer patients receiving neoadjuvant
chemotherapy (NAC) is controversial. We aimed to eval-
uate the effectiveness of radiotherapy in patients treated
with NAC and mastectomy in the Japanese Breast Cancer
Registry.

Methods. We enrolled patients who received NAC and
mastectomy for cT1-4 cNO-2 MO breast cancer. We
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evaluated the association between radiotherapy and out-
comes, locoregional recurrence (LRR), distant disease-free
survival (DDFS), and overall survival (OS) based on ypN
status by multivariable analysis.

Results. Of the 145,530 patients, we identified 3226 who
met the inclusion criteria. Among ypN1 patients, no dif-
ferences were found in LRR, DDFS, or OS between groups
with and without radiotherapy (p = 0.72, p = 0.29, and
p = 0.36, respectively). Radiotherapy was associated with
improved LRR-free survival (p < 0.001), DDFS
(p = 0.01), and OS (p < 0.001) in patients with ypN2-3.
Multivariable analysis demonstrated that use of radiother-
apy was independently associated with improved LRR
[hazard ratio (HR) 0.61, 95% confidence interval (CI)
0.45-0.82, p=0.001] and OS [HR 0.69, 95% CI
0.53-0.89, p =0.004) for ypN2-3 patients only. The
association between radiotherapy and OS was not statisti-
cally significant among ypNO (p = 0.22) and ypN1 patients

(» = 0.51).
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Conclusions. The results from this nationwide database
study did not show significant associations between PMRT
and improved survival among ypNO and ypN1 patients.
Radiotherapy may be beneficial only for ypN2-3 breast
cancer patients who receive NAC and mastectomy in the
modern era.

The role of postmastectomy radiotherapy (PMRT) in the
setting of adjuvant therapy has been studied in multiple
randomized clinical trials, and it has been shown to provide
survival benefits for breast cancer patients with positive
lymph nodes.' In contrast, whether PMRT improves sur-
vival in patients treated with neoadjuvant chemotherapy
(NAC) prior to mastectomy is unclear, because no data
from randomized prospective trials are available. Some
retrospective data for stage III breast cancer patients indi-
cate that PMRT decreases locoregional recurrence (LRR)
even for patients with pathologic complete response (pCR)
to NAC.>™ However, other retrospective data suggest that
patients who achieve pCR with NAC exhibit low rates of
LRR without PMRT after surgery.® A recent analysis
from the National Cancer Database (NCDB) of the
American College of Surgeons and the American Cancer
Society showed that PMRT was associated with improved
overall survival (OS) for pathologic positive nodal sub-
groups, but no differences in OS were observed with
addition of PMRT following NAC in patients with ypN0."*
However, data for LRR, distant disease recurrence, and the
association between these endpoints and OS are lacking in
that report.

Multiple studies in adjuvant settings have reported that
breast cancer patients with one to three positive lymph
nodes who receive modern treatments exhibit a lower risk
of LRR without PMRT."'* The significance of PMRT may
change in the modern treatment era as systemic therapy
becomes more powerful and axillary staging becomes more
accurate. The optimal indication for PMRT for manage-
ment of patients treated with NAC remains controversial.
The balance between benefit and harm, such as toxicity,
cost, and geographic problems, may change depending on
treatment advances.

The aim of this analysis using data from the Japanese
Breast Cancer Registry (JBCR) is to evaluate the thera-
peutic effectiveness of PMRT for breast cancer patients
treated with NAC based on the status of pathologically
residual lymph nodes with survival information including
LRR, distant disease-free survival (DDFS), and OS.

METHODS
Data Source

The present study was conducted using the JBCR
database, which contains clinical records from more than
300,000 breast cancer patients from more than 800 insti-
tutions in Japan.'"'? The Registration Committee of the
Japanese Breast Cancer Society managed the registry with
support from the Public Health Research Foundation
(Tokyo, Japan) up to year 2011. The registry is currently
maintained by the National Clinical Database, a registry
platform for nationwide clinical registries with more than
15 specialty societies participating in its governance.
Affiliated institutes provide data for newly diagnosed pri-
mary breast cancer patients through a web-based system
covering patient demographics, clinicopathological char-
acteristics, survival data, including OS, DDFS, and LRR-
free survival (LRR-FS), and therapies, such as types of
surgery, radiotherapy, chemotherapy, hormone therapy,
and anti-human epidermal growth factor receptor (HER)2
therapy.

Study Patients

In the current study, we enrolled patients who received
neoadjuvant chemotherapy (NAC) and mastectomy for
cT1-4 cNO-2 MO breast cancer between 2004 and 2009
from JBCR (Fig. 1). We excluded women < 18 years of
age, male patients, and patients with bilateral breast cancer.
We also excluded patients whose information for postop-
erative follow-up, radiotherapy, and lymph node resection
was missing. The use of the data for retrospective obser-
vational studies was approved by the ethics committee of
the Japan Surgical Society, and the Ethics Review Com-
mittee at the Japanese Breast Cancer Society approved the
study."?

Study Outcomes

We assessed three survival endpoints: LRR, distant
recurrence, and overall survival (OS). In this study, LRR
was defined as disease in the ipsilateral chest wall, skin, or
ipsilateral axillary/supraclavicular/infraclavicular/internal
mammary lymph nodes identified on biopsy and/or imag-
ing. We assessed patients’ LRR-FS time as the time
between NAC initiation and first local recurrence. DDFS
time was defined as the time between NAC initiation and
first distant metastasis. OS time was defined as the time
from NAC initiation until date of death from any cause.
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FIG. 1 CONSORT diagram.
NAC neoadjuvant chemotherapy

N =145,530

Japanese Breast Cancer Registry
2004-2009 surgical case

Excluded based on our eligibility criteria
- male patients (N = 641)

- bilateral breast cancer (N = 10,538)

- without NAC (N = 117,780)

- not T1-T4 (N = 1524)

-M1 (N =1, 220)

- breast conserving surgery (N = 7206)

N =6,621

Patients meet our eligibility criteria

Excluded without information and follow-up
- missing adequate information (N = 181)
- missing follow-up data (N = 3,214)

N=3,226

Patients meet our eligibility criteria
with complete data and follow-up

Statistical Analysis

We first divided the patients into three groups based on
their residual nodal status (ypNO, ypN1, and ypN2-3). We
compared the differences in the clinicopathological fea-
tures of patients with or without PMRT using Fisher’s
exact test or the Chi squared test for categorical variables
and Wilcoxson rank-sum test, separately for each group.
We compared crude survival between treatment groups
using the Kaplan—Meier method and log-rank test. A small
number of patients with erroneous date for recurrence
before NAC initiation were excluded from the analysis. For
each nodal group separately, we estimated the hazard ratio
(HRs) and 95% confidence interval (CI) for those with and
without PMRT using Cox proportional hazards regression,
adjusting for the following potential confounding factors:
age, clinical T stage, clinical N stage, and biological sub-
type. We assessed whether the association between PMRT
and outcome was significantly different across nodal
groups. We compared the likelihood ratio among all
patients across the nodal groups with an interaction term
between PMRT and nodal group. Finally, we conducted
subgroup analyses comparing the crude survival of patients
in the pN2-3 group with and without PMRT, using
Kaplan—Meier curves and log-rank test, within three groups
defined by estrogen receptor (ER), progesterone receptor
(PgR), and HER?2 status: HR+ (ER+, HER2—), HER2+

(ER%, HER2+), and triple-negative (TN) disease (ER—,
PgR—, HER2-). All tests were two-sided, with
p value < 0.05 considered significant. All analyses were
conducted using SAS 9.4 (SAS Institute, Cary, NC).

RESULTS
Patient and Treatment Characteristics

Table 1 presents details of the patient and disease
characteristics by pathological nodal status group. The
median patient age was 53 years (range 23-92 years). A
total of 1413 (43.8%) of the 3226 patients had cT2 tumors,
and 1759 (54.5%) patients were diagnosed with cN1 prior
to treatment. A total of 59.7% (N = 1925) of the tumors
were ER positive, 41.8% (N = 1348) were PgR positive,
and 24.4% (N = 787) were HER2 positive. A total of 2996
(92.9%) patients underwent axillary lymph node dissection
(ALND), and 2307 (71.5%) patients were treated with
NAC containing both anthracyclines and taxanes as current
standard regimens (Supplementary Table 1). The radiation
fields included the regional nodal fields, supra/infraclav-
icular fossa, and internal mammary lymph nodes for 593
(59.7%) of the 993 patients in the PMRT group.
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i LRR-FS, DDFS, and OS
g 3
= O We included patients whose postoperative follow-up
T T N R e e e was more than 5 years. Locoregional events at the first
= R - oo recurrence site were identified in 412 (12.8%) patients at
%‘ q the cutoff date for the analysis (February 2017). The 5-year
“5 ? o LRR-FS rates for the cohorts of patients with ypNO and
Zlz|& <82 =48 ypN1 were not significantly different between the PMRT
- 0@ TI S group gnd the no PMRT group (p = 0.81 and p = 0.72,
| - = A= respectively). In contrast, the 5-year LRR-FS rates were
- " significantly improved with PMRT for the ypN2-3 cohort
(Z\'I g ﬁ - (p < 0.001) (Fig. 2). A total of 679 (21.0%) of the patients
& E = | Q S a2 &R in the entire cohort experienced distant recurrence first.
" The 5-year DDFS rates were not significantly different
= f; - between the two groups in the ypNO (p = 0.15) and ypN1
; = g cohorts (p = 0.29). However, the 5-year DDFS rates sig-
o w e % nificantly improved with PMRT in the ypN2-3 cohort
s | & J g x S5 (p = 0.01) (Fig. 2). A total of 561 (17.4%) patients died.
» - % No significant differences were found in the 5-year OS
E = 2 rates between the two groups in the ypNO (p = 0.05) and
2 2 o q E g S:f o % ypN1 cohorts (p = 0.36). In contrast, the 5-year OS rates
£ significantly improved with addition of PMRT in the
e «9z2-1]8 ypN2-3 cohort (p < 0.001) (Fig. 2).
IS8 = S NN A E
e § E Multivariable Analysis of Survival
4 I — o
lZlz=|= ~8323 g We performed multivariable analyses to assess the
P . g improvement in the outcome associated with PMRT by
s é 5 pathological nodal status; the results are shown in Table 2
_ S 8 and Fig. 3. PMRT independently remained associated with
- Too o £‘§ improved OS in the cohort of patients with ypN2-3 (HR
| = L Bl -1 0.69, 95% CI 0.53-0.89, p = 0.004). The 5-year OS rate
£« 'Té; did not significantly differ between the PMRT and no
E = 5 PMRT groups in the ypNO (HR 1.33, 95% CI 0.84-2.09,
Sla|lg 2D S8E|% p = 0.22) and ypN1 cohorts (HR 0.88, 95% CI 0.60-1.29,
g p = 0.51) (Fig. 3). These results demonstrate a significant
o | 2 s A E interaction between the association of PMRT with survival
O S and the pathological nodal status (p < 0.001). Analysis of
e |8 Lﬁ LRR-FS revealed a significant improvement in survival
S % F g only in the ypN2-3 cohort (HR 0.61, 95% CI 0.45-0.82,
Slalz| e dFERA|s p = 0.001), in agreement with the OS analysis. No LRR-FS
z § differences were observed with addition of PMRT in the
g S ypNO (HR 0.86, 95% CI 0.46-1.50, p = 0.623) and ypNl1
‘é 2 cohorts (HR 0.83, 95% CI 0.54-1.26, p = 0.39) (interaction
J:E’ g p < 0.001) (Fig. 3). However, DDFS as the endpoint for
; 5 distant recurrence first was not independently associated
- = t - with presence or absence of PMRT in any subgroup,
§ E;o = (}:‘? including the ypNO (HR 1.10, 95% CI 0.72-1.67,
g c g gn p = 0.67), ypN1 (HR 1.03, 95% CI 0.75-1.41, p = 0.86),
© 3 5 ; and ypN2-3 cohorts (HR 0.84, 95% CI 0.66-1.08,
= . £ B g £1¢ g p = 0.17) (interaction p = 0.04) (Fig. 3).
= |5 g % E|3 S
203 EEEceoE|x 2
= P A e e e e P | Rx
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Survival Based on Biological Subtype

A total of 487 of the 787 patients (61.9%) exhibited
HR+ disease, 147 (18.7%) exhibited HER2+ disease, and
153 (19.4%) exhibited TN disease. Due to small numbers
of patients, these analyses had insufficient power to vali-
date the effect of radiotherapy in each subgroup. Among
the HR+ subgroup, the 5-year LRR-FS, DDFS, and OS
rates in the HR+ disease subgroup were not significantly
different between the PMRT and no PMRT groups
(p =0.14, p=0.77, and p = 0.15, respectively) (Supple-
mentary Fig. 1). The same were true for TN disease (LRR-
FS: p =0.32, DDFS: p = 0.14, and OS: p = 0.23) (Sup-
plementary Fig. 1). Among the HER2+ subgroup, LRR-FS
was significantly better in the PMRT group compared with
that in the no PMRT group (p = 0.01). However, no dif-
ferences in DDFS and OS were observed between these
two groups (p = 0.89 and p = 0.73, respectively) (Supple-
mentary Fig. 1).

DISCUSSION

Currently, NAC is widely used in breast cancer patients
with clinical stage II or III disease, but the role of PMRT in
the survival of patients treated with NAC remains contro-
versial. We have to decide the indication for radiotherapy
depending on the clinical guidelines constructed based on
retrospective data of patients treated from 1990 to the early
2000s.'*'® Our results from this nationwide database study
of breast cancer patients following modern NAC show that
survival did not differ between the groups with and without
PMRT among patients with ypNO or ypN1 disease.
Radiotherapy may be beneficial only for ypN2-3 breast
cancer patients who receive NAC and mastectomy in the
modern era.

We examined multiple survival endpoints, including
LRR, DDFS, and OS. Previous nationwide database studies
have assessed only the role of PMRT in OS but not LRR
and DDFS due to data deficiencies.”® Our study provides
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FIG. 2 Locoregional recurrence (LRR)-free survival, distant disease-free survival, and overall survival of breast cancer patients with or without
PMRT in the ypNO, ypN1, and ypN2-3 cohort. PMRT postmastectomy radiotherapy, ypN pathologically lymph node status
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P = 3 g the first evidence of the impact of PMRT on LRR, DDFS,
E S = 2 and OS and the association of these endpoints using the
= v 2 largest sample size. Multivariable analysis revealed that
% administration of PMRT to ypN2-3 women was associated
: with improved LRR-FS and OS. This result supports that
E § locoregional control through radiotherapy produced an
g | = 2= overall survival benefit for patients following NAC, which
5 T ° | was previously demonstrated in adjuvant settings.' In
_q§ ‘% contrast, PMRT did not reduce distant metastasis as the
= o first disease recurrence in this patient subgroup. These
S 8 findings support the survival benefit of PMRT as locore-
ZQ” E % g & gional control in locally advanced breast cancer. One of the
g most significant findings of the present study is that PMRT
i g did not improve survival in ypNO and ypN1 patients, which
Z& & E _ % é contradicts the NCDB reports.”® In our analysis, the rates
5 of LRR for ypNO with PMRT, ypNO without PMRT, ypN1
® & with PMRT, and ypN1 without PMRT were 7.0%, 6.7%,
= ° |5 12.5%, and 13.1%, respectively. These results are very
; S S| E similar to those from the combined analysis of NSABP
f, B-18 and B-27, which reported LRR rates for ypNO and
E ypN1 of 7.8% (38 of 488 patients) and 15.6% (99 of 634
= o patients) without PMRT, respectively.>'” Another retro-
g Sl s S ‘% spective study of 676 breast cancer patients who received
E T o -8 doxorubicin-based NAC and mastectomy at the MD
£ a Anderson Cancer Center indicated that PMRT was asso-
% g ciated with improved LRR rates in select patients with
3 : clinical T3, T4, N2, or N3 disease at presentation and
§ S 8 2 ‘-’4 pathological T2, T3, or N2-3 disease at resection.* The
> °lg lack of significant improvement in the outcomes for ypNO
_ % and ypN1 in the present study confirms several previous
Z | x ] I reports, including the report from the MD Anderson Cancer
== - < E Center.
= We analyzed patient and disease characteristics and
lﬁ % o Q‘é survival categorized by pathological nodal status but not
; 2 R clinical nodal status before chemotherapy, primarily due to
§ the inaccuracy of the methods used to diagnose clinical
; nodal status as positive or negative. Indeed, 34.5%
_ S (N = 286) of the patients were diagnosed with pathological
% < | w - | B nodal involvement at resection in the cohort of patients
E|E|Z S| 8 considered clinical NO at presentation (N = 828). Che-
g S motherapy also modifies the disease extent of breast cancer
é = in most patients. The NSABP B-18 and B-27 data suggest
g g that the LRR rate is sufficiently low without PMRT in
<z | o < | o patients who exhibit a good response to NAC.® We propose
2152 s § ;32 that the indication for radiotherapy should be judged based
"&E on the pathological nodal status, which is the true status
< s " s o g g = and reflects the response to chemotherapy.
E SI= o = 2= & The contribution of the biological subtype to the impact
% -% 2 E,) of radiotherapy on LRR, DDFS, and OS in the setting of
: s _ £ < § - NAC and mastectomy is not in clear agreement with the
2y g sz > gg E results obtained in adjuvant settings. A study from the
= £ g f.ﬁ 2 E 2 g Memorial Sloan Kettering Cancer Center suggested that
= I-E =4 %‘x s S

TN breast cancer exhibited the highest LRR rate after
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HR=0.86, 95%CI:0.46-1.60, P=0.62

HR=0.83, 95%CI.:0.55-1.26, P=0.39

HR=0.61, 95%CI.:0.45-0.82, P=0.001

Interaction P<0.001

T T T
0.8 1.0 1.5 20 25
Multivariable hazard ratio

~— LRR-Free Survival improved with PMRT

HR=1.10, 95%CI:0.72-1.67, P=0.67

HR=1.03, 95%CI:0.75-1.41, P=0.86

HR=0.84, 95%CI:0.66-1.08, P=0.17

Interaction P=0.04

FIG. 3 Impact of PMRT on A
locoregional recurrence (LRR)-free
survival (a), distant disease-free survival ypNO
(b), and overall survival (¢) by ypN
status in multivariable Cox regression ypN1
analysis. PMRT postmastectomy
radiotherapy, HR hazard ratio, CI
confidence interval ypN2-3 —_
T T T
0.4 0.6
B
ypNO
ypN1
ypN2-3
T T T
0.4 0.6

T T T
0.8 1.0 1.5 20 25
Multivariable hazard ratio

-— Distant Disease-Free Survival improved with PMRT

ypNO

HR=1.33, 95%CI:0.84 -2.09, P=0.22

ypN1

ypN2-3

HR=0.88, 95%CI:0.60 -1.29, P=0.51

HR=0.69, 95%CI:0.53 -0.89, P=0.004

Interaction P<0.001

0.4 0.6

T T T
0.8 1.0 1.5 20 25
Multivariable hazard ratio

~<— Opverall Survival improved with PMRT

NAC, mastectomy, and PMRT, and that patients with HR+
and HER2+ breast cancer exhibited favorable LRR rates
regardless of NAC response.18 However, the effect of
PMRT could not be evaluated, because patients without
radiotherapy were excluded from this study. No previous
study included a nationwide database in which the asso-
ciation between the survival effect of radiotherapy and the
molecular subtype was evaluated. Radiotherapy signifi-
cantly improved the LRR rate only for patients with
HER2+ disease in our analysis (p = 0.01). Patients with
TN disease exhibited a higher LRR rate after NAC and
mastectomy regardless of the presence or absence of
PMRT. Conversely, favorable LRR rates for HR+ patients
were observed in both groups. High-risk subgroups for
recurrence, such as those with TN disease and large tumor,

are particularly recommended for radiotherapy. However,
the sample size was relatively small to evaluate the effect
of radiotherapy for each specific subgroup in the present
registration study. The effect of the molecular subtype
should be confirmed in a larger study.

The retrospective nature of the present study is an
important limitation. The characteristics of the patients
receiving and not receiving PMRT were different at base-
line. While we adjusted for important risk factors such as
patient age and clinical and biological subtypes, there may
remain unmeasured confounders that may have biased our
estimation. These results might be confirmed in an ongoing
randomized trial (NSABP B-51/RTOG 1304) for women
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with cN1 disease who converted to ypNO 10 years after
NAC. The median follow-up time was also limited, and the
results need to be confirmed with longer follow-up.

CONCLUSIONS

The results from this nationwide database study of
breast cancer patients following modern NAC showed that
PMRT was not associated with improved survival in
patients with ypNO or ypN1. Radiotherapy may be bene-
ficial only for ypN2-3 breast cancer patients who receive
NAC and mastectomy in the modern era. Randomized
clinical trials are needed to optimize the use of PMRT for

breast cancer patients treated with neoadjuvant
chemotherapy.
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