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Abstract
Purpose: Postmastectomy radiation therapy (PMRT) in T1–T2 tumors with 1–3 positive axillary lymph
nodes (ALNs) is controversial. This study was to identify prognostic factors of locoregional control (LRC)
following mastectomy with or without PMRT for patients with T1-2N1 breast cancer and to discuss the
selection of patients who might omit PMRT.

Materials and Methods: Between January 2006 and December 2010, the data of 1474 postmastectomy
patients staged pT1-2N1 were analyzed. PMRT was applied in 663 patients. LRC and disease-free
survival (DFS) were calculated using the Kaplan-Meier method. Cox regression model was applied in the
univariate and multivariate analyses to recognize the recurrence risk factors.

Results: With the median follow-up duration of 93 months (range, 5-168 months), 78 patients (5.3%)
failed to secure LRC and 220 patients (14.9%) experienced any recurrence. The 7.7-year LRC and DFS
was 94.9% and 85.4% respectively in the entire cohort. PMRT signi�cantly improved 7.7-year LRC from
93.4% to 96.6% (p = 0.005), but not the DFS (p = 0.335). Multivariate analysis revealed that PMRT was an
independent prognostic factor of LRC (p < 0.001), meanwhile, age ≤ 40 years (p = 0.012), histological
grade 3 (p = 0.004), 2-3 positive nodes (p < 0.001) and tumor size of 3-5cm (p = 0.045) were signi�cantly
associated with decreased LRC. The 7.7-year LRC for patients with 0, 1, and 2-4 risk factors was 97.7% /
98.9% (P = 0.233), 95.3% / 98.0% (P = 0.092), and 80.3% / 94.8% (P < 0.001) in the non-PMRT and PMRT
group respectively.

Conclusion: In patients with T1-2N1 breast cancer, clinical-pathological factors such as young age,
histological grade 3, 2-3 positive nodes, and tumor size of 3-5cm were identi�ed to be predictors of a
poorer LRC following mastectomy. Patients with 0-1 risk factor might consider the omission of PMRT.

Introduction
Postmastectomy radiotherapy (PMRT) has long been the standard for patients with tumors larger than
5cm or with 4 or more positive axillary lymph nodes (ALNs). However, for early-staged patients with T1–2
tumors and 1–3 positive ALNs, the role of PMRT remains controversial. The use of PMRT is supported by
the 15-year result of EORTC 22922/10925 [1] and the 20-year result of the Early Breast Cancer Trialists’
Collaborative Group (EBCTCG) meta-analysis [2], which showed signi�cant reductions of locoregional
recurrence (LRR) and breast cancer mortality by PMRT. Based on these, the NCCN guideline strongly
recommends the locoregional irradiation in patients staged pT1-2N1 in recent years [3]. However, some
concerns were evoked from today’s perspective: patients who participated were not all staged at pT1-2N1;
novel systemic treatment was not available at the time of some trials conducted; in terms of toxicity, the
application of novel radiation techniques is expected to further reduce radiation-associated heart disease.
So as proposed by ASTRO and St. Gallen Consensus [4, 5], PMRT should be conducted individually in
consideration of risk factors and toxicity in the early-staged patients.
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Previous studies have recognized several risk factors, such as patient age, tumor size, number and ratio
of positive lymph nodes, molecular subtype, and lymph-vascular invasion (LVI) [6-9]. However, how to
stratify patients into different risk groups was not well de�ned. The purpose of this retrospective study
was to make PMRT decision recommendations according to risk strati�cation in the era of modern
medicine.

Methods
Patients

Of all breast cancer patients diagnosed at Fudan University Shanghai cancer center between January
2006 and December 2012, 1621 female patients underwent mastectomy and were staged pT1-2N1. The
medical records were extracted from the computerized database. Patients who had contralateral
advanced breast cancer (n= 9), or with neoadjuvant systemic therapy (n = 57), or with follow-up time
shorter than 3 months (n = 81) were excluded. The �nal cohort included 1474 patients for retrospective
analysis. The review of data was approved by the Ethical Committee and Institutional Review Board of
our center.

The clinical-pathological information of eligible patients was collected, including age at diagnosis,
laterality, tumor location, tumor histology, histological grade, tumor size, number of positive and
examined lymph nodes, LVI, and estrogen receptor (ER), progesterone receptor (PR), human epidermal
receptor 2 (HER2) status. ER and PR status were evaluated by immunohistochemistry (IHC). A cutoff
value of 1% was used to dichotomize cases into positive and negative [10]. Hormonal receptor (HR) +
was de�ned as ER+ and/or PR+, and HR- as both ER- and PR-. HER2 status was determined by IHC as
well. Tumors were considered HER2 positive if they scored 3+, indeterminate if 2+, and negative if 1+ or 0
on IHC. When IHC was indeterminate, tumors were considered HER2 positive with ampli�cation (ratio >=
2.0) by �uorescence in situ hybridization (FISH) analysis [11].

Treatment

All patients underwent mastectomy with negative surgical margins and axillary dissection. Following
surgery, adjuvant chemotherapy was given according to international guidelines. HR-positive patients
received adjuvant endocrine therapy. HER2 positive patients were given anti-HER2 therapy.

Following chemotherapy, PMRT was administered at the discretion of treating physician. Generally, a
dose of 50Gy in 25 fractions was delivered to the ipsilateral chest wall (CW) for all patients, and the
regional nodes for node-positive patients, which included supraclavicular (SCV) and infraclavicular (ICV)
with or without internal mammary nodes (IMN), using 3D forward planning �eld-in-�eld or simpli�ed
inverse-planning intensity-modulated RT technique.

Endpoints
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Follow-up data was last updated on Oct 31, 2020. The primary endpoint of this study was locoregional
control (LRC), de�ned as clinical, radiographic, or pathological evidence of LRR within ipsilateral CW
and/or regional nodes (i.e., ipsilateral ALN, SCV, ICV, or IMN). Recurrences at other sites except for local-
regional were considered distant metastases (DM). The secondary endpoint was disease-free survival
(DFS), measured from the date of surgery to the time of �rst LRR, DM, death, or the last visit.

Statistical analysis

Patient characteristics between PMRT and non-PMRT subgroups were compared using the Pearson’s χ2.
The probabilities of LRC and DFS were calculated using the Kaplan-Meier method and compared between
groups using the log-rank test. Recurrence risk factors were recognized using Cox regression model in the
univariate and multivariate analyses, and subsequently used to stratify patients into low-, intermediate-,
and high-risk groups. The level of signi�cance was set at p < 0.05 (two-sided), using SPSS 26.0.

Results
Patient Characteristics

Among the 1474 patients analyzed, the median age was 51 years (range, 23-86 years). 1418 patients
(96.2%) were diagnosed with invasive ductal carcinoma. The median invasive tumor size was 2.3cm
(range, 0.1-5cm). The primary tumor staging was T1 in 45.3% of patients (n = 668), and T2 in 54.7% of
patients (n = 806). The median number of ALNs examined was 17 (range, 10-39); the percentage of
patients having 1, 2, and 3 positive lymph nodes was 52.2% (n = 770), 28.9% (n = 426), and 18.9% (n =
278), respectively. On IHC staining, HR was positive in 79.5% of patients (n = 1172). HER2 was positive in
20.5% of patients (n = 302).

Adjuvant chemotherapy was administered in 93.1% of patients (n = 1373). The most common regimen
was the combination of anthracycline and taxane (935; 68.1%), followed by anthracycline-based or
taxane-based regimens. About 97.8% of patients completed 4-8 cycles of adjuvant chemotherapy before
radiotherapy (RT). Adjuvant endocrine therapy was administered in 95.1% (n=1115) of HR-positive
patients, and anti-HER2 therapy was in 47.0% (n=142) of HER2-positive patients.

PMRT was applied in 45.0% of patients (n=663). Of them, 592 patients received irradiation to both CW
and regional lymph nodes, 1 patient received irradiation to CW only, and the rest received irradiation as
well, while irradiated sites were not well described in the medical record.

Table 1 compared patients’ clinical and treatment characteristics between PMRT and non-PMRT
subgroups. Patients associated with high risk factors were more likely to be directed to PMRT, including
young age, high histological grade, LVI+, larger tumor, advanced lymph nodes, and HER2-positive
subtype.

Recurrence and Survival Outcomes
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With the median follow-up duration of 93 months (range, 5-168 months), a total of 78 patients (5.3%)
developed LRR. Overall, the most common recurrence site was regional nodes alone (55.1%), followed by
CW alone (32.1%). Of regional recurrences, the most common site was SCV/ICV, followed by IMN. Table 2
compared the anatomical distribution of LRR between PMRT and non-PMRT subgroups, but the chi-
square test did not show a statistically signi�cant difference (𝜒2 = 2.54, p = 0.281). For the entire cohort,
the 7.7-year cumulative LRC was 94.9%. PMRT signi�cantly improved 7.7-year LRC from 93.4% to 96.6%
(p = 0.005) (Fig. 1a).

By the date of the last follow-up, 220 (14.9%) patients experienced any recurrence. Among these, 209
patients had DM, including 67 patients with concomitant LRR; and 11 patients had isolated LRR. Table 3
compared the recurrence patterns between PMRT and non-PMRT subgroups, and the difference was
statistically signi�cant (𝜒2 = 7.652, p = 0.022). For the entire cohort, the actuarial 7.7-year DFS was
85.4%. No statistically signi�cant difference was observed between the non-PMRT and PMRT subgroups
for the 7.7-year DFS interval (84.2% vs. 86.7%, p = 0.335) (Fig. 1b).

Prognostic Risk Factors

The correlation of LRC and DFS with various prognostic factors is shown in Table 4. In univariate
analysis, multiple factors including age, histological grade, number of positive ALNs, and PMRT were
signi�cantly associated with LRC. With the exception of PMRT, these factors along with tumor size were
also signi�cantly associated with DFS. Triple-negative breast cancer was associated with worse LRC and
DFS in comparison with other molecular subtypes, however, the difference was not statistically
signi�cant. Additionally, subgroup analysis showed that the application of anti-HER2 therapy could
improve both LRC (p = 0.024) and DFS (p < 0.001) in HER2-positive patients, and the use of endocrine
therapy could improve DFS (p = 0.015) in HR-positive population.

Advanced multivariate analysis con�rmed that clinical-pathological factors including younger age of ≤
40 years (adjusted hazard ratio [HR], 2.02; 95% con�dence interval [CI], 1.17–3.50; p = 0.012), tumor size
of 3-5cm (HR, 1.73; 95% CI, 1.01–2.97; p = 0.045), histological grade 3 (HR, 1.97; 95% CI, 1.24–3.12; p =
0.004), 2-3 positive ALNs (HR, 2.46; 95% CI, 1.51–3.99; p < 0.001), and no PMRT delivery (HR, 3.36; 95%
CI, 2.11–6.14; p < 0.001) were signi�cantly associated with a poorer LRC. Besides the newly identi�ed
factor of PMRT (HR, 1.63; 95% CI, 1.22–2.18; p = 0.001), younger age of ≤ 40 years, tumor size of 3-5cm,
histological grade 3, and 2-3 positive ALNs remained independent predictors of a shorter DFS interval
(Table 5).

Outcomes of Risk Groups

In total, 1398 patients were strati�ed into three groups by recurrence risk, including 377 patients (27.0%)
in low-risk group (no risk factor), 572 patients (40.9%) in intermediate-risk group (1 risk factor), and 449
patients (32.1%) in high-risk group (2-4 risk factors).



Page 7/17

Figure 2 presents the Kaplan-Meier analyses of LRR and DFS strati�ed by recurrence risk. The 7.7-year
LRC for patients in low-, intermediate-, and high-risk group was 97.7% / 98.9% (P = 0.233), 95.3% / 98.0%
(P = 0.092), and 80.3% / 94.8% (P < 0.001) in the non-PMRT and PMRT subgroups, respectively.
Meanwhile, PMRT was signi�cantly associated with a longer DFS time in high-risk patients, with 7.7-year
DFS of 66.6% in non-PMRT subgroup and 80.5% in PMRT subgroup (P = 0.002). However, no bene�t from
PMRT was observed in low-risk (P = 0.309) and intermediate-risk (P = 0.388) patients.

Discussion
Our study analyzes the LRC and survival outcomes among 1474 breast cancer patients who underwent
mastectomy and were pathologically staged T1-2N1, and makes PMRT recommendations according to
risk strati�cation. The result demonstrated a 7.7-year LRC of 94.9% and DFS of 85.4% for the entire
cohort in the era of modern therapy. Besides, PMRT was proved to be an independent predictor of LRC
and DFS, despite that more patients in the PMRT subgroup had unfavorable disease features, such as
larger tumor size, 2-3 positive ALNs, LVI+, and HER2-positive subtype. However, the bene�t of PMRT was
not statistically signi�cant for the 7.7-year DFS in the entire population (p = 0.335).

Evidence indicating that PMRT improves outcomes of patients with pT1-2N1 disease spans two
treatment eras. The EBCTCG �rstly powerfully proved the value of PMRT for node-positive patients in a
meta-analysis including individual data of 8135 women from 22 trials during the period of 1964 - 86. The
subgroup analysis of 1314 pN1 patients substantiated a reduction of 10-year LRR from 20.3% to 3.8%,
10-year overall recurrence from 45.7% to 34.2%, and 20-year breast-cancer mortality from 50.2% to 42.3%
with the application of PMRT [2]. Another proof is the subgroup analysis of DBCG 82 b & c trial conducted
between 1982 – 90. In the analysis of 1152 pN1 patients, PMRT reduced the 15-year locoregional failure
(LRF) rate from 27% to 4% and improved the 15-year survival from 48% to 57% [12]. However, for patients
since 1996, lower LRF rates were observed due to newer systemic treatment, modern RT techniques, and
meticulous attention to surgical margins. In accordance with our data, recent studies reported that the
estimated 5- and 10-year LRCs were 91% - 97% and 89% - 95% without PMRT, respectively [13-19], which
have an improvement compared with historic studies mentioned above. Therefore, several prospective
and retrospective studies explored the value of PMRT in the era of modern therapy. The recently
published EORTC 22922/10925 trial, which included 4004 patients, with 23.9% receiving mastectomy and
43.1% having 1-3 positive lymph nodes, revealed that the addition of regional nodes irradiation
signi�cantly reduced 15-year recurrence and breast cancer mortality [1]. Besides, in the subgroup analysis
of BCIRG-005, PMRT improved 10-year LRC from 91% to 98% (p = 0.001) in pT1-2N1 patients [18]. Luo C
et al reported that PMRT was signi�cantly associated with decreased LRR (5-year cumulative incidence
1.6% vs. 6.0%; HR, 0.248; 95% CI, 0.121-0.509; P < 0.001) in early-staged patients who underwent
mastectomy [20]. So together with our �ndings, these results con�rmed the value of locoregional
irradiation among pT1-2N1 patients in the modern treatment era.

Given such favorable LRC even in non-PMRT patients with pT1-2N1 breast cancer, a key clinical challenge
is to determine which patients can omit PMRT. In this study, patients were strati�ed by risk factors such
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as young age, tumor size of 3-5cm, 2-3 positive ALNs, and high histological grade, which were recognized
in the univariate and multivariate analysis. For high-risk patients (≥2 risk factors), PMRT signi�cantly
improved both LRC (p < 0.001) and DFS (p = 0.002). In the intermediate-risk group (1 risk factor), a trend
toward improvement of LRC (p = 0.092) but not DFS (p = 0.388) was observed with the addition of PMRT.
However, no bene�t from PMRT was observed in low-risk patients (0 risk factor), with 7.7-year LRC of
98.9% / 97.7% (p = 0.233) and DFS of 93.0% / 89.5% (p = 0.309) in the PMRT and non-PMRT patients,
respectively. The outcomes of our study were consistent with previous studies with similar designs. Park
HJ et al conducted a multicenter analysis of 1382 patients staged pT1-2N1 in Korea (KROG 14-23), and
identi�ed that age < 35 years, T2 stage, high tumor grade, close resection margin, triple-negative
biological subtype, and 2-3 positive nodes were independent risk factors of LRR. Further analysis revealed
that patients with 0-1, 2-3, and 4-6 risk factors owned the 5-year LRR of 3.6%, 7.5%, and 12.7%,
respectively, and demonstrated that patients with 2 or more risk factors might bene�t from PMRT [9]. Luo
CX et al included tumor size, number of positive nodes, ER status, histologic grade, and LVI status in a
nomogram for predicting LRR in a cohort of 1141 cases, and found that PMRT was signi�cantly
correlated with decreased LRR only in the high-risk group (5-year LRR 2.2% vs. 14.9%, p < 0.001); the 5-
year LRR was relatively low in the low-risk (0.4%) and intermediate-risk (6.1%) non-PMRT group, and no
survival advantage was observed in these two risk groups [20].

Unfavorable molecular subtypes including triple-negative and HER2-positive breast cancer are considered
to be predictors of poor outcomes in many studies. Our analysis failed to recognize these biologic
subtypes to statistically signi�cant predictors of poor LRC and DFS. The possible reason might be the
improvement of patient’s survival with the application of novel systemic therapy; in our study, almost all
patients received 4-8 cycles of chemotherapy in triple-negative (97.4%; 154/158) and HER2-positive
(99.2%; 119/120) subtypes. Unfortunately, only 47.0% (142/302) of HER2-overexpressed patients
received anti-HER2 therapy for economic reasons. The subgroup analysis revealed that the use of anti-
HER2 drugs signi�cantly improved both LRC (p = 0.024) and DFS time (p < 0.001), as reported in other
studies [21, 22]. In this study, no more than 5% of HR-positive patients did not receive adjuvant endocrine
therapy because of PR positive only or ER weakly positive that didn’t meet the positive criteria eight years
ago. In the HR-positive subtype, we con�rmed that the application of endocrine drugs was associated
with a longer DFS interval (p = 0.121), but not a better LRC (p = 0.015).

Our study still has certain limitations, including its retrospective nature, limited follow-up time, and loss of
individual data. To reduce the deviation of data missing, we conducted the univariate analysis �rstly
before the multivariate analysis and thus maximum reduced data deletion in the calculating process.
Despite such limitations, our study offers LRC and DFS estimates and makes PMRT recommendations
according to risk strati�cation in the era of modern medicine. The retrospective-prospective study of
NSABP B-14 and B-20 revealed that recurrence score (RS) of 21-gene OncotypeDX was e�cient in
predicting LRR, which leads to an era of precision medicine [23]. Ongoing trials in patients with T1-2
breast cancer and 1 to 3 positive nodes are expected to provide us more evidence of adjuvant RT. Of
these, CCTG MA39 (TAILOR RT) trial will help to clarify the feasibility of omitting RT in low-risk patients
with the assessment of RS.
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Conclusions
This study demonstrates favorable LRC and DFS in patients who underwent mastectomy and were
staged pT1-2N1 in the era of modern systemic therapy. On multivariate analysis, factors associated with
increased recurrence risk include young age, tumor size of 3-5cm, histological grade 3, and 2-3 positive
lymph nodes. Stratifying by these factors, the risk group was signi�cantly associated with LRR risk and
RT bene�t. Low- to intermediate-risk patients had a small bene�t from PMRT and might consider omitting
PMRT; High-risk patients had a greater bene�t and therefore should consider the routine use of PMRT.
Further prospective investigations are needed to improve risk strati�cation and estimates of RT bene�t in
individuals with pT1-2N1 breast cancer after mastectomy.

Abbreviations

PMRT postmastectomy radiotherapy

ALNs axillary lymph nodes

EBCTCG the Early Breast Cancer Trialists’ Collaborative Group

LRR locoregional recurrence

LVI lymph-vascular invasion

ER estrogen receptor

PR progesterone receptor

HER2 human epidermal receptor 2

IHC immunohistochemistry

CW ipsilateral chest wall

SCV supraclavicular

ICV infraclavicular

IMN internal mammary nodes

LRC locoregional control

DM distant metastases

DFS disease-free survival

RT radiotherapy

LRF locoregional failure

RS recurrence score
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Tables

Table 1: Patient characteristics and comparison between PMRT and non-PMRT subgroups.

Abbreviations: PMRT = postmastectomy radiotherapy; HR = hormonal receptor.

 

Table 2: Patterns of locoregional recurrence.
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Abbreviations: PMRT = postmastectomy radiotherapy; CW = chest wall; IMN = internal

mammary nodes; SCV= supraclavicular; ICV = infraclavicular.

 

Table 3: Patterns of recurrence at any site.

Abbreviations: PMRT = postmastectomy radiotherapy; LRR = locoregional recurrence; DM

= distant metastasis.

 

Table 4: Univariate analyses of patient clinical and treatment-related factors for LRC and

DFS.
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Abbreviations: LRC = locoregional control; DFS = disease-free survival; PMRT =

postmastectomy radiotherapy; HR = hormonal receptor.

 

Table 5: Multivariate analysis of prognostic factors for outcomes of LRC and DFS.
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Abbreviations: LRC = locoregional control; DFS = disease-free survival; CI = confidence

interval; HR = hazard ratio; PMRT = postmastectomy radiotherapy.

Figures

Figure 1

Locoregional control (a) and disease-free survival (b) of patients with or without PMRT for the entire
cohort Abbreviations: PMRT = postmastectomy radiotherapy.
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Figure 2

Kaplan-Meier analyses of locoregional control and disease-free survival strati�ed by recurrence risk. (a, d)
low-risk group (no risk factor); (b, e) intermediate-risk group (1 risk factor); (c, f) high-risk group (2-4 risk
factors) Abbreviations: PMRT = postmastectomy radiotherapy.


