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Purpose: Postoperative radiotherapy (RT) can improve survival for T1-2N1 breast cancer.
However, there exists a concern whether BCS plus RT has the same or a superior therapeutic
effect as that of mastectomy. In this study, we aimed to compare the long-term results
between RT after BCS and postmastectomy RT in stage T1-2N1MO breast cancer.
Patients and Methods: Totally 1816 pathological stage T1-2N1MO breast cancer patients
were analyzed. The propensity score matching (PSM) method was used to select 196 pairs of
patients between BCS and mastectomy receiving postoperative RT. Five-year locoregional
relapse (LRR), locoregional relapse-free survival (LRFS), distant metastasis (DM), distant
metastasis-free survival (DMFS), disease-free survival (DFS), breast cancer-specific survival
(BCSS) were analyzed as endpoints.

Results: In the whole group, significant differences were observed in all endpoints (P<0.05)
between the no-RT and RT groups. For patients receiving mastectomy, DM, DMFS, DFS and
BCSS rates had no differences between the two groups. For patients without RT in the
multivariable analysis, the molecular subtype was associated with each endpoint (P<0.05).
Age, primary tumor site, tumor size, and LVI status were significantly associated with DM.
The analysis of 196 pairs of patients selected by PSM showed that BCS plus RT resulted in a
significantly lower 5-year DM rate (P=0.015) and superior survival in terms of the 5-year
DMEFS (P=0.046), DFS (P=0.049) and BCSS (P=0.024) compared with mastectomy.
Conclusions: Postoperative radiotherapy remarkably improved survival in T1-2N1MO
breast cancer but not in the mastectomy subgroup, except for LRR and LRFS. Patients
with BCS plus RT had better survival compared with those with postmastectomy radiation in
terms of DM, DMFS, DFS and BCSS.

Keywords: breast cancer, stage T1-2N1MO, radiotherapy, breast-conserving surgery,

mastectomy

Introduction

In the era of modern surgical and enhanced systemic therapy, postoperative radio-
therapy (RT) applied to early breast cancer with one to three positive lymph nodes
(LNs) had been strongly recommended as a relative indication with evidence
accumulated.’? Two randomized studies (MA.20 and EORTC 22922 trials) pub-
lished in 2015 demonstrated improved survival of early breast cancer patients with
one to three positive LNs.** The EBCTCG meta-analysis in 2014 concluded that
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approximately one breast cancer death was avoided in the
20 years after RT for every 1.5 recurrences of any type
avoided during the first 10 years after RT, which indicated
that RT reduced death by decreasing distant metastasis
(DM) and not only locoregional recurrence (LRR).” For
early-stage breast cancer, RT may improve survival by
affecting the distant micrometastasis environment, which
was reported in a recent study.®

Since the census announced by the National Institutes
of Health in 1990 recommended breast conserving surgery
(BCS) as a selection for early breast cancer, the population
receiving BCS has been growing.” At present, approxi-
mately 60% of patients with early breast cancer undergo
BCS.* 10 There exists a concern whether BCS plus RT has
the same or a superior therapeutic effect as that of mas-
tectomy. Previous studies have shown better survival in
patients undergoing BCS plus RT compared with mastect-
omy for early breast cancer.'''® Although these studies
confirmed the positive outcomes of BCS plus RT, few of
them considered RT when comparing survival outcomes
between BCS and mastectomy for early breast cancer with
one to three positive LNs. The value that RT played in
BCS compared with mastectomy was not clear. In our
study, we retrospectively analyzed pathological stage T1-
2N1IMO patients treated with or without RT and aimed to
compare the long-term results of BCS plus RT compared
with postmastectomy radiotherapy (PMRT).

Patients and methods

Patients

We reviewed 2301 female patients diagnosed with primary
invasive, pathological stage T1-2N1MO breast cancer
according to the 7th edition of International Union against
Cancer/American Joint Committee on Cancer (UICC/
AJCC) breast cancer staging system'”'® between April
1998 and December 2016 from our center, excluding
those with bilateral breast cancer and receiving neoadju-
vant chemotherapy. Patients with undefined molecular
subtype or the absence of radiotherapy-related information
were excluded. In total, 1816 patients were included in the
study.

Treatment

Patients included in the study underwent mastectomy or
breast conserving surgery with axillary LN dissection or
sentinel LN biopsy. Most of them received systematic
therapy as adjuvant chemotherapy, endocrine treatment,

and Trastuzumab for human epidermal growth factor
receptor-2 (Her-2)-positive tumor. RT of the chestwall
and regional nodes was applied to postmastectomy
patients with a dose prescription of 50 Gy in 25 fractions.
Patients receiving BCS underwent RT of the whole breast
up to a median dose of 50 Gy (range, 48 to 50 Gy) with
1.8-2 Gyl/fraction. The median dose of the tumor bed
boost was 10 Gy (range, 10-16 Gy). Most patients
received a three-dimensional conformal radiotherapy tech-
nique with opposed tangential beams to the chest wall or
whole breast, infraclavicular and supraclavicular region,
and tumor bed boost were treated with an anterior electron
beam or mixed photon and electron beam.

Follow-up

The duration of patient follow-up was calculated from the
date of surgery to either the day of death or the day of the
last examination. Patients without recent examination
records were followed-up via telephone calls. Five-year
local and regional LNs recurrence, distant metastasis, and
survival status were recorded. Locoregional relapse
(LRR), locoregional relapse-free survival (LRFS), distant
metastasis (DM), distant metastasis-free survival (DMFS),
disease-free survival (DFS), breast cancer-specific survival
(BCSS) were analyzed as the endpoints. LRR was defined
as any recurrence within the ipsilateral chest wall or ipsi-
lateral regional LNs, including the axillary, internal mam-
mary infraclavicular and supraclavicular nodes, confirmed
by histology or cytology. LRFS was calculated from the
date of surgery to the date of LRR, death due to any cause,
or the last follow-up. DM was defined as any relapse in
distant sites, and DMFS was measured from the date of
surgery to the date of DM or death or the last follow-up.
DFS were defined as the time from the date of surgery
until any recurrence (LRR or DM) or death from any
cause. The calculated endpoint of BCSS was the date of
death from breast cancer or last follow-up visit.

Statistical analysis

Statistical Product and Service Solution version 22.0 (IBM
Corporation, Armonk, NY, USA) was used for the statis-
tical analyses. The Chi-square test was used to compare
categorical variables of baseline characteristics. Survival
rates were estimated using the Kaplan-Meier (K-M)
method. The log-rank test was used for univariable analy-
sis to identify significant independent prognostic factors.
Multivariable analyses were performed including the sig-
nificant factors in univariable analysis with the Cox
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proportional hazards model to calculate hazard ratios
(HRs), 95% confidence intervals (Cls). Two-tailed P-
values<0.05 were considered statistically significant. The

d'*?° was used to

propensity score matching (PSM) metho
match the patients between the two groups (BCS plus RT
and PMRT) in a 1:1 ratio by logistic regression consider-
ing their clinical and pathological features including age,
primary tumor site, menopausal status, tumor size, number
of positive axillary LNs, lymphovascular invasion (LVI)

status, histological grade and molecular subtype.

Ethics statement

This retrospective study was approved by the
Institutional Review Board (IRB) of Sun Yat-Sen
Memorial Hospital, Sun Yat-Sen University. The written
consent was not required by the IRB because of the
retrospective property. We promise to protect the confi-
dentiality of patients and the study was conducted in
accordance with the Declaration of Helsinki.

Results

Patient characteristics

Among the 1816 patients analyzed in the study, 1406 and
410 patients underwent mastectomy and BCS, respectively.
After surgery, 1040 patients received no RT, while 776
patients underwent RT (397 and 379 patients underwent
mastectomy and BCS, respectively). In total, 1726 and
1198 patients received adjuvant chemotherapy and endo-
crine treatment, respectively. The median patient age was
47 y (range 22-87 y). The clinical and pathological char-
acteristics of the no-RT and RT groups are listed in Table 1.

Survival analysis in no-RT versus RT

The median follow-up time was 4.7 years (range, 0—
19 years). There was a total of 166 deaths, including 145
patients who died of breast cancer, 16 patients who died of
a disease other than breast cancer, and 2 patients who died
of a secondary tumor. In total, 111 patients experienced
LRR, and 238 patients underwent DM. Significant differ-
ences were observed in 5-year LRR rate (P<0.001), 5-year
LRFS (P<0.001), 5-year DM rate (P=0.002), 5-year DMFS
(P=0.004), 5-year DFS (P=0.001) and S5-year BCSS
(P<0.001) when comparing no-RT versus RT in the whole
group (Figure S1). For patients receiving mastectomy, the
S-year LRR rate was significantly lower (4.2% vs 8.9%,
P=0.008), while the 5-year LRFS was significantly better
(89% vs 85.3%, P=0.012) in the RT group than in the

Table | Characteristics of 1816 pathologically staged T1-2N1M0
breast cancer with or without postoperative radiotherapy

Characteristics No-RT RT
(n=1040) (n=776)
N % N %
Age (years)
<40 201 19.3 203 | 262
>40 839 80.7 573 | 738
Primary tumor site
oQ 730 70.2 558 | 71.9
1Q/CQ 281 27.0 180 | 23.2
Unknown 29 2.8 38 49
Menopausal status
Premenopausal/perimenopause | 570 525 515 [ 66.4
Postmenopausal 470 45.2 261 | 42.7
Type of surgery
Mastectomy 1009 97.0 397 | 512
BCS 31 3.0 379 | 488
Tumor size
<3 cm 809 77.8 648 | 835
>3 cm 231 222 128 | 16.5

Number of positive axillary LNs

1-2 905 87.0 625 | 80.5

3 135 13.0 151 19.5
Histological grade

i 679 65.3 448 | 57.7

11l 292 28.1 310 | 399

Unknown 69 6.6 18 23
LVI status

No 842 8l 462 | 59.5

Yes 198 19 314 | 405
Molecular subtype

Luminal A 249 23.9 191 | 246

Luminal B/Her-2 - 372 35.8 297 | 383

Luminal B/Her-2+ 164 15.8 148 | 19.1

Her-2 enriched 118 1.3 51 6.6

TNBC 137 13.2 89 1.5

Abbreviations: RT, radiotherapy; OQ, outer quadrant; IQ, inner quadrant; CQ,
central quadrant; BCS, breast-conserving surgery; LN, lymph node; LVI, lymphovas-
cular invasion; Her-2, human epidermal growth factor receptor-2; TNBC, triple-
negative breast cancer.

no-RT group. However, no significant differences were
observed in DM, DMFS, DFS and BCSS between the two
groups (Table 2).

Prognostic predictor in the no-RT group
Univariable analysis and multivariable analyses were con-
ducted in 1040 patients without RT. Clinical and
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Table 2 Survival analysis for 1406 T1-2N1MO0 breast cancer underwent mastectomy

n LRR | P-value | DM P-value | LRFS | P-value | DMFS | P-value | DFS | P-value | BCSS | P-value
0.008 0.791 0.012 0.591 0.325 0.084
No- RT 1009 | 89 14.8 85.3 84.5 82.5 91.3
RT 397 42 14.8 89.0 85.0 84.2 92.8

Note: P-values were calculated using the unadjusted log-rank test.

Abbreviations: RT, radiotherapy; LRR, locoregional relapse; DM, distant metastasis; LRFS, locoregional relapse-free survival; DMFS, distant metastasis-free survival; DFS,

disease-free survival; BCSS, breast cancer-specific survival.

pathological features such as age (<40 vs >40 years),
primary tumor site, menopausal status, tumor size (<3 vs
>3 cm), number of positive axillary LNs (No.1/2 vs No.3),
LVI status, histological grade and molecular subtype were
included in univariable analysis as prognostic factors
(Table 3). Age, primary tumor site, tumor size, LVI status,
and molecular subtype were significantly associated with
S5-year LRFS, DM, DMFS DFS and BCSS (P<0.05).
Multivariable analysis incorporated the predictive factors
from the univariable analysis and showed that the mole-
cular subtype was associated with each end point. In
(P=0.009) and primary
(P<0.001) were independent prognostic factors for LRR.

addition, age tumor  site
Age (P=0.013), primary tumor site (P=0.013), tumor size
(P<0.001), and LVI status (P=0.001) were significantly
associated with DM. For BCSS, statistically significant
differences were observed in age, tumor size, and LVI
status (P<0.05). The results of the adjusted multivariable
analysis are shown in Table 4.

BCS plus RT versus postmastectomy
radiotherapy after PSM

A total of 196 pairs of patients were selected by PSM from
the 776 original patients receiving RT. The features
between the two groups were compared before and after
PSM (Table S1). In the PSM cohort, the median follow-up
time was 4.3 years (range, 0—15 years). Analysis showed
that BCS plus RT resulted in a significantly lower 5-year
DM rate (4.3% vs 14.1%, P=0.015) and superior survival
in terms of 5-year DMFS (94.6% vs 86.8%, P=0.046),
DFS (94.3% vs 86.2%, P=0.049) and BCSS (97.9% vs
91.9%, P=0.024) compared with PMRT. However, no sig-
nificant differences were observed in LRR and LRFS. The
survival analysis is shown in Figure 1.

Discussion
In our study, although significant differences were

observed between the RT group and the no-RT group at

all endpoints, the subgroup analysis for mastectomy com-
paring RT with no-RT showed that RT improved the LRR
rate (P=0.008) and LRFS (P=0.012) but not the DM,
DMFS, DFS and BCSS rates. We can presume that BCS
plus RT primarily contributed to the enhancement of sur-
vival. Therefore, we conducted a comparison of BCS plus
RT with PMRT to evaluate the effect of RT in the two
types of operations. To balance the confounders, our study
matched all the clinical and pathological features by a ratio
of 1:1.

The results of two randomized trials (MA.20 and
EORTC 22922 trials) published in 2015 showed improved
DFS and DMFS with regional nodal irradiation, with the
EORTC 22922 trial additionally showing improved
BCSS.** Our study showed a lower 5-year LRR rate
(3.2% vs 8.8%), DM rate (9.9% vs 15%) and improved
LRFS (91.9% vs 85%), DMFS (89.4% vs 84.2%), DFS
(88.7% vs 82.2%), BCSS (95.6% vs 91%) in those treated
with RT compared with those not treated with RT in the
whole cohort, which was consistent with the studies above.

The previous studies included clinical and pathologi-
cal features in the analysis and showed that age
<40 years, and presence of LVI, histological grade III
were risk factors significantly associated with increased
rates of LRR for early breast cancer.*' ?* Our study
analyzed not only locoregional control but also distant
metastasis and death. Multivariable analysis in our study
showed that age (P=0.009) and primary tumor site
(P<0.001) were significantly associated with LRR. Age
(P=0.013), primary tumor site (P=0.013), tumor size
(P<0.001), and LVI status (P=0.001) were independent
prognostic factors for DM. Significant differences were
observed in age, tumor size, and LVI status (P<0.05) for
BCSS. In the past, clinical pathologic features were com-
bined to evaluate RT indications. In recent years, mole-
cular biology information has been increasingly widely
used to construct genetic models that predict the risk of

recurrence and metastasis, such as the EPclin and

Recurlndex models.?* 23
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Table 4 Summary of prognostic factor multivariate analysis in 1040 pathologically staged T1-2NIMO breast cancer without post-

operative radiotherapy

HR 95% CI P-value
LRR Age >40 y 0.529 0.33-0.85 0.009
1Q/CQ 2.275 1.40-3.25 <0.001
Molecular subtype 0.001
DM Age >40 y 0.645 0.46-0.91 0.013
1Q/CQ 1.505 1.09-2.08 0.013
Tumor size >3 cm 2.144 1.54-2.98 <0.001
Lymphovascular invasion 2.033 1.39-2.98 <0.001
Molecular subtype 0.039
LRFS Tumor size >3 cm 1.95 1.41-2.70 <0.001
Molecular subtype 0.001
DMFS Molecular subtype 1.372 1.00-1.88 0.05
Tumor size >3 cm 2.081 1.51-2.86 <0.001
Lymphovascular invasion 2.155 1.50-3.10 <0.001
Molecular subtype 0.025
DFS Age >40 y 0.673 0.49-0.93 0.16
Tumor size >3 cm 1.915 1.41-2.60 <0.001
Lymphovascular invasion 1.996 1.41-2.83 <0.001
Molecular subtype 0.011
BCSS Age >40 y 0.658 0.44-1.00 0.047
Tumor size >3 cm 2.030 1.38-2.99 <0.001
Lymphovascular invasion 1.755 1.07-2.88 0.026
Molecular subtype 0.006

Note: P-values were calculated using an adjusted Cox proportional hazards model with forward conditional method.
Abbreviations: 1Q, inner quadrant; CQ, central quadrant; LRR, locoregional relapse; DM, distant metastasis; LRFS, locoregional relapse-free survival; DMFS, distant
metastasis-free survival; DFS, disease-free survival; BCSS, breast cancer specific survival.

A serious retrospective studies demonstrated positive
survival outcomes in patients with BCS plus RT compared
with mastectomy.'''® Few of these studies have explored
whether BCS still exceeds mastectomy in the case of RT.
A study published in 2014 compared BCT (lumpectomy
followed by radiotherapy) and PMRT before and after
PSM, showing that BCT resulted in superior BCSS."
However, the study did not compare other survival end-
points, such as locoregional control and DM, and there-
fore, the manner in which RT contributed to the survival
benefit was uncertain. In our study, we used the PSM
method to equilibrate confounders and compared LRR,
DM, LRFS, DMFS, DFS and BCSS. The analysis indi-
cated that BCT had significantly lower DM rates, and
gained superior DMFS, DFS and BCSS. It is possibly
assumed that RT decreased the risk of death by redu-
cing DM.

In the era of modern surgical and enhanced systemic
therapy, the MA.20 and EORTC 22922 trials™* were

conducted to explore the benefit of regional irradiation in
early breast cancer. Both trials showed that regional RT
resulted in a greater DM survival benefit than locoregional
survival benefit, which indicated that RT did not only act
on the local tumor. The EBCTCG meta-analysis in 2011
and 2014>%° indicated that postoperative radiotherapy is
likely to improve survival both by reducing LRR and DM.
The survival benefit was more significant in pathological
stage N1 compared with N2-3 tumors. This is possibly
because a larger tumor burden and higher metastatic risk
restricted the benefit RT provided, while a lower tumor
burden in N1 helped to improve survival.

A series of studies reported that in metastatic malignan-
cies, such as melanoma and lung cancer, radiotherapy com-
bined with immunotherapy showed an objective response
within the radiation field as well as non-irradiated metastatic
targets, such as skin, lymph nodes, liver, bone and lung
through immune activation in tumor microenvironment and
residual tumor burden**** A study conducted in the
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Figure | Kaplan-Meier survival curves for 196 pairs of BCS/mastectomy underwent postoperative radiotherapy. (A) Locoregional relapse. (B) Distant metastasis. (C)
Distant metastasis-free survival. (D) Distant metastasis-free survival. (E) Progression-free survival survival. (F) Breast cancer-specific survival. P-values were calculated using

an unadjusted log-rank test.

Netherlands showed superior survival after BCS plus RT
compared with mastectomy for early breast cancer with
10-year long-term follow-up.'> The outcome of the study
indicated that the preserved breast can serve as a tumor
microenvironment to facilitate the effect of radiotherapy for
better survival. Furthermore, two recent studies confirmed
that tumor microenvironments with different expression
levels of fibroblasts and macrophages can influence the treat-
ment effect.>**> A recently published study® confirmed that
circulating tumor cell (CTC) status is predictive of radio-
therapeutic benefit in early-stage breast cancer. The results

showed that CTC status was associated with the benefit of RT
among BCS but not with the benefit of RT among mastect-
omy in terms of LRFS, DFS and overall survival (OS). This
finding indicated that the benefit of RT among CTC-positive
patients may be limited to those who underwent BCS, per-
haps owing to the higher burden of residual local disease in
these patients. The evidence above indicates that the tumor
microenvironment and low tumor burden help RT improve
survival in BCS compared with mastectomy.

The study had several limitations. First, selection bias
existed due to the retrospective nature of our study. Second,
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the number of HER-2 enriched subtype was rare (2.6%) in each
group after PSM, which was not consistent with the real dis-
tribution pattern and may not objectively reflect the benefits that
RT confer in the BCS group. Third, after PSM, the large-scale
cohort of different molecular subtypes restricted us in conduct-
ing subgroup analyses to determine the benefits for each sub-
type. Finally, the prognosis is favorable for early breast cancer,
and the majority of previous studies followed up for 10 years or
even longer to perceive the effect of treatment. We only assessed
S-year survival because the median follow-up time was not long
enough and longer investigations are needed.

In conclusion, our study showed that postoperative radio-
therapy contributed to significant improvements in each 5-year
survival endpoint for stage T1-2NIMO breast cancer. In the
mastectomy subgroup, statistically significant improvement
was observed only in LRR and LRFS. Superior survival was
shown after BCS plus RT compared with PMRT in terms of 5-
year DM, DMFS, DFS and BCSS. These findings deserve
further investigation to demonstrate the factors contributing to
this effect.
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Supplementary materials

Table S| Summary of characteristics distribution in BCS or mastectomy underwent postoperative radiotherapy before and after PSM

Characteristics BCS n=379 Mastectomy n=397 P-value | BCS n=196 Mastectomy n=196 P-value
N % N % N % N %
Before PSM After PSM
Age (years) 0.315 1.000
<40 93 24.5 110 27.7 47 24.0 47 24.0
>40 286 75.5 287 723 149 76.0 149 76.0
Primary tumor site 0.001 1.000
oQ 287 757 271 68.3 153 78.1 153 78.1
1Q/CQ 84 222 96 242 40 204 40 204
Unknown 8 2.1 30 7.5 3 1.5 3 1.5
Menopausal status 0.057 1.000
Premenopausal/perimenopause | 239 63.1 276 69.5 138 70.4 138 70.4
Postmenopausal 140 36.9 121 305 58 29.6 58 29.6
Tumor size 0.000 1.000
<3 cm 348 91.8 300 835 243 88.7 243 88.7
>3 cm 31 82 97 16.5 31 1.3 31 1.3
Number of positive axillary LNs 0.000 1.000
1-2 328 86.5 297 748 170 86.7 170 86.7
3 51 13.5 100 252 26 13.3 26 13.3
Histological grade 0.568 1.000
I 226 59.6 222 55.9 119 60.7 19 60.7
1] 145 383 165 41.6 75 383 75 383
Unknown 8 2.1 10 2.5 2 29 2 29
Lymphovascular invasion status 0.433 1.000
No 231 60.9 231 582 166 60.6 166 60.6
Yes 148 39.1 166 41.8 108 394 108 39.4
Molecular subtype 0.000 1.000
Luminal A 118 311 73 18.4 52 26.5 52 26.5
Luminal B/Her-2 - 154 40.6 143 36.0 82 41.8 82 41.8
Luminal B/Her-2+ 66 17.4 82 20.7 38 19.4 38 19.4
Her-2 enriched 12 32 39 9.8 5 2.6 5 2.6
TNBC 29 7.7 60 15.1 19 9.7 19 9.7

Note: P-values were calculated using chi-square test.
Abbreviations: BCS, breast conserving surgery; PSM, propensity score match; OQ, outer quadrant; IQ, inner quadrant; CQ, central quadrant; LN, lymph node; LVI,
lymphovascular invasion; Her-2, human epidermal growth factor receptor-2; TNBC, triple-negative breast cancer.
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Figure S| Kaplan-Meier survival curves for 1816 T2N M0 breast cancer with or without postoperation radiotherapy. (A) Locoregional relapse. (B) Distant metastasis. (C) Distant

metastasis-free survival. (D) Distant metastasis-free survival. (E) Progression-free survival survival. (F) Breast cancer-specific survival. P-values were calculated using an unadjusted
log-rank test.
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