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Objective: To clarify the effect of postmastectomy radiotherapy (PMRT) on pT;-,N; breast cancer patients
with different molecular subtypes.
Methods: We retrospectively analyzed the data of 5442 patients with pT;.,N; breast cancer treated using
modified radical mastectomy in 11 hospitals in China. Univariate, multivariate, and propensity score
matching (PSM) analyses were used to evaluate the effect of PMRT on locoregional recurrence (LRR).
Results: With a median follow-up duration of 63.8 months, the 5-year LRR rates were 4.0% and 7.7%
among patients treated with and without PMRT, respectively (p < 0.001). PMRT was independently
associated with reduced LRR after adjustments for confounders (p < 0.001). After grouping the patients
according to the molecular subtype of cancer and conducting PSM, we found that the 5-year LRR rates
among patients treated with and without PMRT (in that order) were as follows: luminal HER2-negative
cancer, 1.9% and 6.5% (p < 0.001); luminal HER2-positive cancer, 3.8% and 13.7% (p = 0.041); HER2-
overexpressing cancer, 10.2% and 15.5% (p = 0.236); and triple-negative cancer, 4.6% and 15.9%
(p = 0.002). Among patients with HER2-overexpressing and triple-negative cancers, the LRR hazard rate
displayed a dominant early peak, and was extremely low after 5 years. However, patients with luminal
cancer continued to have a long-lasting high annual LRR hazard rate during follow-up.
Conclusion: PMRT significantly reduced the LRR risk in patients with pT;.,N; luminal and triple-negative
breast cancers, but had no effect on the LRR risk in patients with HER2-overexpressing cancer. Patients
with different molecular subtypes displayed different annual LRR patterns, and the late recurrence of the
luminal subtype suggests the necessity of long-term follow-up to evaluate the efficacy of PMRT.
© 2021 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Breast cancer is the most common cancer among women
worldwide [1]. Postoperative radiotherapy (RT) can significantly
reduce the locoregional recurrence (LRR) rate and breast cancer
mortality in high-risk patients who have undergone mastectomy
[2]. The 2020 National Comprehensive Cancer Network guidelines
(3rd edition) [3] recommend that patients with >4 positive axillary
lymph nodes after total mastectomy should undergo postoperative
RT, and patients with 1—-3 positive axillary lymph nodes (i.e., N1)
should strongly consider postoperative RT. The 2019 St. Gallen In-
ternational Consensus Guidelines [4] recommend postoperative RT
for stage Ny patients with triple-negative breast cancer, but opin-
ions differ on the need for postoperative RT in patients with human
epidermal growth factor receptor 2 (HER2)-positive and/or estro-
gen receptor (ER)-positive cancers. The purpose of this study was to
analyze the effect of RT on LRR in patients with different molecular
subtypes of pT{.;N; stage breast cancer after modified radical
mastectomy as well as to analyze the annual LRR patterns in this
patient population to obtain evidence for making decisions on
adjuvant RT.

2. Materials and methods
2.1. Patient population

This study was approved by the institutional review board of
Cancer Hospital, Chinese Academy of Medical Sciences (approval
number: 15—057/984). As this study is a retrospective analysis of
chart data, the need for informed consent was waived. The data of
women with pT;_yN; breast cancer treated at 11 hospitals in China
between September 1997 and December 2014 were retrospectively
analyzed. The inclusion criteria were as follows: (1) newly diag-
nosed breast cancer with a pathological tumor size of <5 cm after
modified radical mastectomy and metastasis to 1—3 axillary lymph
nodes (pT1-2N7); (2) no metastasis to the supra- or infraclavicular or
internal mammary lymph nodes at initial diagnosis; (3) no distant
metastasis at initial diagnosis; and (4) no neoadjuvant therapy. The
following exclusion criteria were applied: (1) unknown adjuvant RT
status; (2) simultaneous bilateral breast cancer; (3) unknown date
of surgery; and (4) unknown date of last follow-up.

2.2. Follow-up and prognosis evaluation criteria

Follow-up was conducted by means of outpatient visits, inpa-
tient visits, or telephone calls. The timing of all events was
measured from the date of modified radical mastectomy to the date
of event occurrence or the last follow-up. Prognosis was evaluated
using indicators such as LRR, distant metastasis (DM), disease-free
survival (DFS), and overall survival (0OS). LRR was defined as
recurrence in the ipsilateral chest wall and/or the supra- or infra-
clavicular fossa, axilla, or internal mammary region. DM was
defined as recurrence at sites other than those indicating LRR. DFS
was defined as the time from the date of surgery to the date of LRR,
DM, death, or the last follow-up. OS was defined as the time from
the date of surgery to the date of death or the last follow-up.

2.3. Statistical analysis

LRR and survival rates were calculated using the Kaplan-Meier
method and compared using the log-rank test. The association of
LRR with potential prognostic factors was tested using univariate
Cox regression analysis and further evaluated using multivariable
proportional hazards regression for the entire cohort and for pa-
tients with different molecular subtypes of breast cancer. To
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minimize differences in the distribution of covariates between the
RT and no RT groups for patients with different molecular subtypes,
we used propensity score matching (PSM). PSM was performed
after taking into consideration all possible relevant factors in the
analysis. The matching approach was 1:1 nearest neighbor
matching within a caliper distance of 10%. Statistical analyses were
performed using the SPSS v26.0 software (IBM SPSS Statistics for
Windows, version 26.0.; IBM Corp., Armonk, NY). A p-value of
<0.05 was considered statistically significant. The “muhaz package”
in R v4.0.1 (R Project for Statistical Computing, Austria, Vienna;
www.r-project.org/) was used to calculate the annual LRR risk.

3. Results
3.1. Baseline characteristics

In all, we reviewed the data of 5504 patients, of whom, 62 pa-
tients were excluded because of unknown adjuvant RT date (n = 2),
simultaneous bilateral breast cancer (n = 1), unknown date of
surgery (n = 2), and unknown date of last follow-up (n = 57). Thus,
a total of 5442 patients were included in the study. The median age
was 49 years (range, 20—84 years). The median number of lymph
nodes removed was 16 (range, 1-59), and the median number of
positive lymph nodes was 1 (range, 1—3). Other baseline charac-
teristics are shown in Table 1.

Among the 5442 patients, 4150 patients had hormone receptor-
positive tumors, of whom, 3452 (83.2%) patients underwent
endocrine therapy. The principal endocrine therapy regimens were
tamoxifen/toremifene (40.9%), aromatase inhibitor (25.9%), ovarian
function suppression (OFS) + tamoxifen/toremifene (2.0%), and
OFS + aromatase inhibitor (0.7%). In addition, two different types of
these endocrine therapy regimens were successively applied in
5.6% of patients. In all, 1045 patients had HER2-positive tumors;
however, because trastuzumab was approved by the China Food
and Drug Administration in September 2007, only 190 (18.2%) of
these patients underwent anti-HER2 targeted therapy. The anti-
HER?2 targeted drugs used were trastuzumab (175 patients, 92.1%)
and lapatinib (4 patients, 2.1%); for 11 (5.8%) patients, the drug used
for targeted therapy was unknown. Adjuvant chemotherapy was
administered to 5118 (94.0%) patients, for a median of 6 cycles
(range, 1-21 cycles). Adjuvant RT was delivered to 1780 (32.7%)
patients. Conventional fractionated RT was used for adjuvant RT in
1603 (90.1%) patients, and the median dose was 50 Gy in 25 frac-
tions. Hypofractionated RT was used for 52 (2.9%) patients, with a
median dose of 40 Gy in 15 fractions. The dose fractionation was
unknown in 125 (7.0%) patients. The chemotherapy regimens and
RT targets in the entire cohort and in patients with different mo-
lecular subtypes of breast cancer are summarized in Table 2. Most
patients received two-dimensional RT with a linear accelerator at a
dose rate of 600 MU/min. In brief, the chest wall was irradiated
using a 6—9 MeV electron beam, depending on the chest wall
thickness and the dose prescribed to the Dmax. A 5-mm tissue
equivalent bolus, up to a median of 40% of the total prescribed dose,
was also applied. The supraclavicular nodal region was irradiated
using one anterior-posterior field and the dose was prescribed to
the isopoint at 3 cm beneath the skin.

3.2. Effect of radiotherapy on recurrence, metastasis, and survival
rates in the entire cohort

The median follow-up period for the entire cohort was 63.8
months (range, 0.2—228.8 months). A total of 496 patients died,
including 388 (78.2%) patients who died of breast cancer, 4 (0.8%)
patients who died of complications of breast cancer treatment, 60
(12.1%) patients who died of other causes unrelated to breast
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Table 1
Baseline characteristics of 5442 pT;,N; breast cancer patients who underwent
modified radical mastectomy.

Variable Number of patients (%)
Treatment era

1997-2007 1911 (35.1)

2008—2014 3531 (64.9)
Age (years)

<40 957 (17.6)

>40 4485 (82.4)
Tumor location

Inner quadrants 1142 (21.0)

Other quadrants 4090 (75.1)

Unknown 210 (3.9)
Pathological type

Invasive ductal carcinoma 5090 (93.5)

Others 351 (6.4)

Unknown 1(0.1)
pT stage

pT1 2387 (43.9)

pT2 3055 (56.1)
Number of positive nodes

1 2725 (50.1)

2 1673 (30.7)

3 1044 (19.2)
Number of nodes removed

<10 585 (10.7)

>10 4857 (89.3)
Tumor grade

[ 131 (24)

1 2939 (54.0)

11 1146 (21.1)

Unknown 1226 (22.5)
Lymphovascular invasion

Yes 607 (11.2)

No 4525 (83.1)

Unknown 310 (5.7)
Hormone receptors

Positive 4150 (76.3)

Negative 1183 (21.7)

Unknown 109 (2.0)
HER?2 status

Positive 1045 (19.2)

Negative 3575 (65.7)

Unknown 822 (15.1)
Ki67 index

<14% 1698 (31.2)

>14% 1456 (26.8)

Unknown 2288 (42.0)
Molecular subtype

Luminal HER2-negative 2919 (53.6)

Luminal HER2-positive 645 (11.9)

HER2-overexpressing 400 (7.4)

Triple-negative 654 (12.0)

Unknown 824 (15.1)
Endocrine therapy® (n = 4150)

Yes 3452 (83.2)

No 466 (11.2)

Unknown 232 (5.6)
Anti-HER2-targeted therapy” (n = 1045)

Yes 190 (18.2)

No 813 (77.8)

Unknown 42 (4.0)
Adjuvant chemotherapy

Yes 5118 (94.0)

No 278 (5.1)

Unknown 46 (0.8)
Adjuvant radiotherapy

Yes 1780 (32.7)

No 3662 (67.3)

2 Only patients with hormone receptor-positive cancer were analyzed.
b Only patients with HER2-positive cancer were analyzed.
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cancer, and 44 (8.9%) patients who died of unknown causes. There
were a total of 1013 cases of tumor recurrence or metastasis,
including 395 cases (39.0%) of LRR and 731 cases (72.2%) of DM.

The 5-year OS, DFS, LRR, and DM rates of the entire cohort were
93.1%, 83.9%, 6.6%, and 11.7%, respectively. Compared to patients
who did not undergo RT, patients who underwent RT had a higher
5-year OS (93.8% vs. 92.6%, hazard ratio [HR] = 0.68, 95% confidence
interval [CI]: 0.55—0.84, p < 0.001), a higher 5-year DFS (84.4% vs.
83.5%, HR = 0.84, 95% CI: 0.73—0.96, p = 0.012), and a lower 5-year
LRR rate (4.0% vs. 7.7%, HR = 0.50, 95% CI: 0.38—0.64, p < 0.001).
However, there was no significant difference in the 5-year DM rate
between these two groups (12.3% vs. 11.5%, HR = 0.97, 95% ClI:
0.82—1.14, p = 0.690; Fig. 1). After adjustments for confounders,
multivariate analyses showed that RT independently reduced LRR
(p < 0.001; Table 3).

The annual LRR risk curve of the entire cohort showed that the
annual LRR risk of patients who underwent RT remained at a low
level, about 1%/year. In contrast, the LRR risk curve of patients who
did not undergo RT exhibited two peaks, at about 2 years and 15
years after the surgery (Fig. 2).

3.3. Effect of radiotherapy on LRR in patients with different
molecular subtypes of breast cancer

The molecular subtype was known in 4618 patients and un-
known in 824 patients (Table 1). A total of 29.3% (856/2919) of
patients in luminal-HER2 negative, 31.9% (206/645) of patients in
luminal-HER2 positive patients, 36.8% (147/400) of patients in
HER2-overexpressing patients, 37.5% (245/654) of patients in
triple-negative patients, and 39.6% (326/824) of patients in un-
known subtype underwent RT. In each of the above 5 subgroups,
the 5-year LRR rates among patients who did or did not undergo RT
(in that order) were as follows: luminal HER2-negative cancer, 2.8%
and 5.3% (HR = 0.45, 95% CI: 0.29—0.70, p < 0.001); luminal HER2-
positive cancer, 3.4% and 9.3% (HR = 0.44, 95% CI: 0.20—0.98,
p 0.039); HER2-overexpressing cancer, 9.8% and 14.7%
(HR = 0.66, 95% CI: 0.33—1.31, p = 0.229); triple-negative cancer,
5.8% and 15.7% (HR = 0.40, 95% CI: 0.22—-0.73, p = 0.002); and
unknown subtype, 4.0% and 7.4% (HR = 0.47, 95% CI: 0.29—0.78,
p = 0.009; Fig. 3). In the HER2-overexpressing cancer subgroup, 64
patients underwent anti-HER2-targeted therapy. Among these 64
patients, the 5-year LRR rates of those who did or did not undergo
RT were 4.0% and 7.7%, respectively (HR = 0.55, 95% CI: 0.06—5.30,
p = 0.630). Among the 320 patients in the HER2-overexpressing
group who did not undergo anti-HER2-targeted therapy, the 5-
year LRR rates of those who did or did not undergo RT were
13.2% and 15.2%, respectively (HR = 0.86, 95% CI: 0.42—1.73,
p = 0.687).

After adjustments for confounders, multivariate analyses
showed that RT significantly reduced the LRR rate in patients with
luminal HER2-negative cancer (p < 0.001), luminal HER2-positive
cancer (p = 0.010), triple-negative cancer (p = 0.001), and un-
known molecular subtype (p = 0.002). However, RT had no effect
on LRR in patients with HER2-overexpressing cancer (p = 0.821;
Table 3).

After PSM, the confounders were well balanced between pa-
tients who received RT and those who did not in the five subgroups
based on molecular subtypes (Supplementary Tables S1-S5). The
5-year LRR rates in patients with and without RT (in that order)
were as follows: 1.9% and 6.5% in the luminal HER2-negative sub-
group (HR = 0.24, 95% CI: 0.12—0.46, p < 0.001), 3.8% and 13.7% in
the luminal HER2-positive subgroup (HR = 0.33, 95% CI: 0.11-0.99,
p = 0.041), 10.2% and 15.5% in the HER2-overexpressing subgroup
(HR = 0.59, 95% CI: 0.25—1.42, p = 0.236), 4.6% and 15.9% in the
triple-negative subgroup (HR = 0.33, 95% CI: 0.16—0.69, p = 0.002),
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Chemotherapy regimens and radiation targets in the entire cohort and in patients with different molecular subtypes of breast cancer.

Entire cohort Luminal HER2-negative Luminal HER2-positive HER2-overexpressing Triple-negative Unknown subtype
Chemotherapy regimen (N = 5442)
Anthracycline-based 1126 (20.7) 618 (21.2) 87 (13.5) 70 (17.5) 143 (21.9) 208 (25.2)
Taxane-based 301 (5.5) 144 (4.9) 43 (6.7) 10 (2.5) 60 (9.2) 44 (5.3)
Both 3245 (59.6) 1772 (60.7) 440 (68.2) 284 (71.0) 375 (57.3) 374 (45.4)
Other 204 (3.7) 77 (2.6) 8(1.2) 7(1.8) 24 (3.7) 88 (10.7)
Unknown 566 (10.4) 308 (10.6) 67 (10.4) 29 (7.2) 52 (8.0) 110 (13.3)
Chemotherapy cycles
median (range) 6 (1-21) 6 (1-20) 6(1-9) 6 (1-21) 6 (1-13) 6(1-10)
RT target (N = 1780)
Chest wall 1642 (92.2) 799 (93.3) 188 (91.3) 136 (92.5) 234 (95.5) 283 (87.4)
Supra/infraclavicular fossa 1612 (90.6) 773 (90.3) 179 (86.9) 135(91.8) 229 (93.5) 296 (90.8)
Axilla 146 (8.2) 46 (5.4) 12 (5.8) 9(6.1) 22 (9.0) 57 (17.5)
Internal mammary chain 162 (9.1) 36 (4.2) 17 (8.3) 8(54) 15(6.1) 86 (26.4)
Unknown 84 (4.7) 43 (2.4) 13 (0.7) 4(0.2) 5(0.3) 19 (1.1)
RT, radiotherapy.
a b
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Fig. 1. Recurrence and survival curves of 5442 breast cancer patients who did or did not undergo postmastectomy radiotherapy (PMRT). (a) Overall survival (0S); (b) disease-free
survival (DFS); (c) locoregional recurrence (LRR); and (d) distant metastasis (DM).
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Table 3
Multivariate analyses of variables associated with LRR in the entire cohort and in patients with different molecular subtypes of breast cancer.
Variable P value
Entire Luminal HER2- Luminal HER2- HER2- Triple- Unknown
cohort negative positive overexpressing negative subtype
Treatment era 1997—2007 vs. 2008—2014 0915 0.571 0.774 0.931 0.592 0.133
<40 vs. >40 years old 0.003 0.096 0.447 0.911 0.839 0.096
Inner quadrants vs. others <0.001 0.003 0.681 0.530 0.154 0.002
pT1 vs. pT2 <0.001 <0.001 0.384 0.799 0.007 0.064
<10 vs. >10 nodes removed 0.084 0.344 0.641 0.864 0.145 0.094
1 vs. 2—3 positive nodes 0.001 0.048 0.082 0.602 0.005 0.054
G1-2vs.G3 0.002 0.147 0.467 0.094 0.814 0.454
LVI + vs. LVI- 0.147 0.249 0.387 0.044 0.672 0.981
RT vs. no RT <0.001 <0.001 0.010 0.821 0.001 0.002
Chemotherapy vs. no chemotherapy 0.260 0.474 0.416 0.550 0.967 0.961
Endocrine therapy vs. no endocrine therapy 0.001 0.239 0.957 0.081 - 0.453
Anti-HER2- targeted therapy vs. no targeted 0.992 0.973 0.935 0.515 - 0.993

therapy

LRR, locoregional recurrence; LVI, lymphovascular invasion; RT, radiotherapy.

= PMRT
no PMRT

0.06
|

Hazard rate

T T T T
10

Time(years)

Fig. 2. Annual locoregional recurrence risk curve of 5442 breast cancer patients who
did or did not undergo postmastectomy radiotherapy (PMRT).

and 3.7% and 8.1% in the unknown subtype subgroup (HR = 0.40,
95% CI: 0.20—0.81, p = 0.008; Fig. 4).

We next analyzed the annual LRR risk curves for patients with
different molecular subtypes (Fig. 5). Among patients with luminal
HER2-negative cancer, the annual LRR risk curve of those who
underwent RT showed a single peak at about 5 years after the
surgery, and that the annual LRR risk was always lower for those
who underwent RT than for those who did not undergo RT (Fig. 5a).
In the luminal HER2-positive subgroup, both patients who under-
went RT as well as those who did not undergo RT had 2 peaks in
their annual LRR risk curves: a low and flat first peak at about 2 and
4 years after the surgery, respectively, and a second peak at 8 and 11
years after the surgery, respectively (Fig. 5b). In the HER2-
overexpressing subgroup, both patients who underwent RT and
those who did not undergo RT had a single peak in their annual LRR
risk curve, at about 2 years after the surgery. The maximum annual
LRR risk was slightly lower in patients who underwent RT than in
patients who did not undergo RT (Fig. 5c). In the triple-negative
cancer subgroup, the annual LRR risk curve of patients who did

112

not undergo RT showed a single peak at about 2 years after the
surgery, and these patients had an LRR risk of about 5%/year. The
annual risk curve of triple-negative cancer patients who did un-
dergo RT showed 3 peaks, at about 1, 4, and 8 years after the sur-
gery. The maximum risk was at 1 year after the surgery, and the
overall LRR risk was about 2%/year (Fig. 5d).

4. Discussion

The analyses of patients with stage pT1-2N; breast cancer in the
present study revealed that postmastectomy RT (PMRT) signifi-
cantly reduced the risk of LRR in the entire cohort and in patients
with the luminal or triple-negative cancer subtypes, but did not
significantly reduce this risk in patients with the HER2-
overexpressing cancer subtype. RT changed the annual LRR
pattern in the entire cohort, and the annual LRR risk differed be-
tween patients with different molecular subtypes of breast cancer.

Studies have shown that RT has different effects on breast
cancers with different molecular subtypes. It is generally agreed
that RT can significantly reduce the risk of LRR in patients with
luminal breast cancer and can even improve their OS. In contrast,
the effects of RT on patients with HER2-overexpressing or triple-
negative breast cancer are inconsistent. The DBCG 82 b & c study
reported the same findings as the present study, namely, that PMRT
significantly reduces the risk of LRR in patients with luminal and
triple-negative breast cancers and has no effect on LRR in patients
with HER2-overexpressing breast cancer [5]. The results of two
early randomized clinical trials [6] showed that PMRT significantly
reduced LRR in patients with the luminal A subtype, but the effect
of PMRT on patients with other molecular subtypes could not be
analyzed in these trials due to the small sample sizes. An analysis of
T1-2Np breast cancer using the SEER database [7] showed that PMRT
significantly improved the OS rate of patients with luminal A breast
cancer, but had no effect on the OS of patients with luminal B,
HER2-overexpressing, and triple-negative breast cancers. An anal-
ysis of 774 breast cancer patients with 4 or more positive lymph
nodes by Wu et al. [8] showed that PMRT significantly improved the
local recurrence-free survival (LRFS) of patients with luminal A and
luminal B breast cancers, but had no effect on the LRFS of patients
with HER2-overexpressing and triple-negative breast cancers.
Tseng et al. [9] analyzed patients with stage [-III breast cancer, and
found that PMRT was most able to reduce LRR in patients with
luminal A cancer, followed by those with luminal B cancer and
those with HER2-overexpressing breast cancer who underwent
anti-HER2-targeted therapy; PMRT did not significantly reduce LRR
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Luminal HER2-negative cancer; (b) luminal HER2-positive cancer; (c) HER2-overexpressing cancer; (d) triple-negative cancer; and (e) unknown molecular subtype.
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Fig. 5. Annual locoregional recurrence (LRR) risk curves of patients with different molecular subtypes of breast cancer who did or did not undergo postmastectomy radiotherapy
(PMRT). (a) Luminal HER2-negative cancer; (b) luminal HER2-positive cancer; (c) HER2-overexpressing cancer; (d) triple-negative cancer; and (e) unknown molecular subtype.

in patients with triple-negative breast cancer. Basic research has
confirmed that HER2-positive breast cancer cells are resistant to
radiation, and that anti-HER2-targeted therapy can reverse the
radiation resistance of HER2-positive cells. Pietras et al. [10] re-
ported that MCF-7 cells transfected with HER2 were more resistant
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to radiation than parental MCF-7 cells, and anti-HER2-targeted
therapy could reverse the radiation resistance of HER2-
overexpressing cell lines by regulating the repair of radiation-
induced DNA damage. In the present study, RT did not signifi-
cantly reduce LRR in patients with HER2-overexpressing cancer,
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regardless of whether they underwent anti-HER2-targeted therapy.
Moreover, RT did not significantly reduce LRR in patients who un-
derwent anti-HER2-targeted therapy. These results may be related
to the small sample size.

The annual LRR risk curve of the patients in this study indicated
the presence of a late recurrence peak at 15 years after the surgery
among those who did not undergo RT, suggesting that this group of
patients requires long-term follow-up. A study by Woodward et al.
[11] had a median follow-up period of 14 years, and found that the
10-year LRR rates of patients with stage pT;.,N; breast cancer who
did or did not undergo RT after mastectomy were 3% and 13%,
respectively (p = 0.003). A study by McBride et al. [12] included
patients with stage pT1-2N; breast cancer after mastectomy treated
in the early (1978—1997) and later (2000—2007) treatment eras.
PMRT significantly reduced the 15-year LRR rate in the early era
cohort (6.1% vs. 14.5%, p = 0.035); in the later era cohort, there was
no significant difference in the 5-year LRR rates between patients
who did and did not undergo PMRT (2.8% vs. 4.2%, p = 0.48). The
long follow-up period for the early era cohort showed that PMRT
significantly reduced LRR. However, with advancements in di-
agnoses and treatments, these results may not be suitable for cur-
rent clinical practice.

Further analysis in the present study showed that patients with
different molecular subtypes have different annual LRR patterns.
The LRRs of patients with HER2-overexpressing and triple-negative
cancers were primarily distributed within 5 years after the surgery,
suggesting that 5-year follow-up results can be used to guide RT
decisions in these patients. However, patients with luminal cancers
and patients with unknown molecular subtypes (of whom 94.6%
were hormone receptor-positive) had a high risk of late LRR, sug-
gesting that long-term follow-up results beyond 5 years are needed
for evaluating the efficacy of RT in these patients. Other studies on
the recurrence patterns in patients with different molecular sub-
types have yielded similar findings. Demicheli et al. found that
patients with ER-negative and ER-positive cancers have different
annual recurrence patterns. Patients with ER-negative cancer have
an obvious early recurrence peak, whereas patients with ER-
positive cancer show a slow increase in early recurrence risk and
a continuous and gradually decreasing low-level recurrence risk at
later time points [13]. Ribelles et al. [ 14] reported that patients with
the luminal subtype had a long tail of recurrence after 5 years, and
patients with triple-negative breast cancer exhibited early unim-
odal recurrence, whereas the pattern for patients with HER2-
overexpressing cancer was complex. Since most patients did not
undergo anti-HER2-targeted therapy, the recurrence pattern of
patients with Ki-67 > 14% was similar to that of patients with
triple-negative cancer, while those with Ki-67 < 14% had two
recurrence peaks, at 2 and 6 years after treatment. Sun et al. [15]
found that anti-HER2-targeted therapy changed the annual LRR
risk pattern of patients with HER2-positive breast cancer. Without
anti-HER2-targeted therapy, patients had bimodal recurrences at
2.5 and 9 years after treatment; with anti-HER2-targeted therapy,
they had only a single recurrence peak at 2.5 years after treatment.

This study has some limitations. First, it is a retrospective study;
there was selection bias toward patients undergoing RT, and there
is a possibility of underestimating LRR events. Second, the time
span of the patient enrollment was as long as 20 years, and ad-
vances in diagnosis and treatment during this time period may
cause the findings to be unable to reflect current clinical practice.
Finally, the number of cases with long-term follow-up for over 10
years was low, which might affect the reliability of the late recur-
rence results.

In summary, the present study shows that PMRT significantly
reduced the risk of LRR in stage pT;.oN; luminal and triple-negative
breast cancer patients, but the effect of PMRT in patients with
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HER2-overexpressing cancer was not statistically significant. Pa-
tients with breast cancers of different molecular subtypes have
different annual LRR patterns, and late recurrence in patients with
the luminal subtype suggests the need for long-term follow-up to
evaluate the efficacy of RT.
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