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Background: The role of the 8th American Joint Committee on Cancer (AJCC) pathological prognostic staging (PPS) on treatment-
decision making of breast cancer (BC) remains unclear. This study aimed to investigate the predictive effect of the 8th AJCC PPS on
the benefit of postmastectomy radiotherapy (PMRT) in N2/N3 BC.
Methods:We included women with stage N2/3 BC diagnosed between 2010 and 2018 from the Surveillance, Epidemiology, and End
Results database. The effect of PMRT on breast cancer-specific survival (BCSS) was evaluated using the multivariate Cox propor-
tional-hazards models.
Results: A total of 13,445 patients were identified, including 10,547 (78.4%) patients treated with PMRT. All patients had reassigned
stages based on the 8th AJCC PPS. There were 7102 patients (52.8%) that had stage changed, including 1160 patients (8.6%) were
upstaged and 5942 patients (44.2%) were downstaged from the 7th AJCC anatomical staging (AS) to the 8th AJCC PPS. Regarding
the 7th AJCC AS, 7603 (56.5%), 948 (7.1%), and 4895 (36.4%) were stage IIIA, IIIB, and IIIC diseases, respectively. Using the 8th
AJCC PPS, 3525 (26.2%), 460 (3.4%), 1335 (9.9%), 3457 (25.7%), 2169 (19.1%), and 2100 (15.6%) patients were restaged as IB, IIA,
IIB, IIIA, IIIB, and IIIC diseases, respectively. The PPS displayed increased prognostic accuracy and improved model fit with respect
to BCSS compared to the 7th AS (C-index, 0.731 vs 0.605, P < 0.001; Akaike Information Criterion, 42141 vs 43118). Regarding the
AS, the receipt of PMRTwas associated with a better BCSS in those with stage IIIA (P = 0.004), IIIB (P = 0.003), and IIIC (P < 0.001)
diseases. Using the PPS, the receipt of PMRT was not associated with a better BCSS among patients with stage IB (P = 0.446), IIA (P
= 0.140), and IIB (P = 0.248) disease, while the receipt of PMRT was associated with a better BCSS for those with stage IIIA (P =
0.009), IIIB (P < 0.001), and IIIC (P < 0.001) disease.
Conclusion: The 8th AJCC staging provides superior risk stratification and a better tool to predict the benefit of PMRT in N2/3 BC.
Keywords: breast cancer, mastectomy, radiotherapy, AJCC staging, biologic markers

Introduction
Breast cancer (BC) is the most common malignancy in women. There are more than two million new BC cases
diagnosed worldwide annually.1 With the progress of multimodal therapy in recent years, the 5-year survival rate of
BC has reached 90%.2 However, BC is a heterogeneous disease with distinct biologic behavior, contributing to diverse
clinical outcomes.3 Such heterogeneities depend, not only on the extent of disease but also on the biological hetero-
geneity of tumors.

Breast Cancer: Targets and Therapy 2022:14 133–144 133
© 2022 Yang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Breast Cancer: Targets and Therapy Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 18 February 2022
Accepted: 5 May 2022
Published: 13 May 2022

http://orcid.org/0000-0003-1402-8963
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


In BC clinical practice, American Joint Committee on Cancer (AJCC) staging is an important indicator for
determining survival outcomes and guiding treatment decision-making. The traditional AJCC anatomic staging (AS),
including primary tumor (T), regional lymph nodes involvement (N), and distant metastasis (M) into the staging system.
However, the traditional AS system does not integrate the prognostic effect of tumor biology, which is deficient in
disease prognosis. With the advances in the understanding of BC biology, several biological markers for prognostication
and treatment decision-making, including estrogen receptor (ER), progesterone receptor (PR), human epidermal growth
factor receptor 2 (HER2) status, and tumor grade, which have been identified and validated.4–6 Therefore, the above
biological markers and the conventional TNM variables, have been incorporated into the latest AJCC pathological
prognostic staging (PPS) system.7

Several studies including ours have confirmed that the 8th AJCC PPS provides more accurate risk stratification
compared to the traditional AJCC AS.8–13 However, the role of the new AJCC PPS on treatment decision-making
remains unclear. According to the previously validated studies, there were more than 50% of patients have staged
migration using the PPS criterion, and most of them were downstaged.8,14–17 Therefore, treatment de-escalation and
escalation should be investigated for patients that have their stage changed.

In the current clinical practice, the standard treatment for N2/3 BC patients after mastectomy is systemic treatment
and adjuvant radiotherapy, and endocrine therapy or anti-HER2 therapy for those who have corresponding therapeutic
targets.18 Postmastectomy radiotherapy (PMRT) could decrease the risk of locoregional and distant recurrence, translat-
ing into improvements in BC mortality.19 However, a previous study from the National Cancer Data Base (NCDB)
showed that the receipt of PMRT was not associated with a lower risk of mortality in N2/N3 BC.20 Several studies
including ours have found that BC subtypes established based on ER, PR, and HER2 could predict the benefit of PMRT
in stage N2/3 BC.21–23 Therefore, whether the PPS established by anatomic and biological factors could predict the
benefit of PMRT deserves further research. In light of this, the present study aimed to investigate the effect of the PPS on
predicting the survival benefit of PMRT among those with N2/3 BC.

Patients and Methods
Patients
We included women BC diagnosed between 2010 and 2018 from the Surveillance, Epidemiology, and End Results (SEER)
database. The SEER program captures the cancer data for approximately 30% of the United States population, including the
demographic and clinicopathological characteristics, the first course of treatments, and survival outcomes.24 We included
patients who met the following criteria in this study: 1) aged 18–64 years; 2) stage III BC according to 7th AJCC staging
criteria; 3) receiving mastectomy with or without PMRT; 4) receiving chemotherapy after mastectomy; 5) available data
regarding T stage, N stage, grade, ER, PR, and HER2 status. Patients with stage T0, receiving non-beam irradiation or
preoperative radiotherapy were excluded. Because the SEER program is a de-identified database, the institutional review
board of the First Affiliated Hospital of Xiamen University determined the current study to be waived from review.

Variables
We included the following data in this study: age, race, histology, T stage, N stage, grade, ER, PR, and HER2 status. The
use of PMRT was also included. All patients had reassigned stages based on the 8th AJCC PPS.7 The primary endpoint
was breast cancer-specific survival (BCSS) in this study, which was defined as the time from the BC diagnosis to the
death from BC.

Statistical Analysis
The difference in categorical data was compared by the Chi-square test. The receiver operating characteristics
(ROC) curve was used to compare the risk stratification abilities between the AS and PPS to predict BCSS. The
Harrell concordance index (C-index) and the Akaike Information Criterion (AIC) were then employed to measure
the discriminatory ability between the two staging systems.25,26 A higher C-index indicates a better predictive value
and a lower AIC correlates with a superior model fit. Kaplan–Meier method and Log rank testing were used to
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calculate BCSS curves and compare the survival distributions according to AS and PPS groups. Multivariate Cox
proportional-hazards models were used to estimate the association of PMRT with BCSS after adjustment for known
covariates. Sensitivity analyses after stratification by AS and PPS groups were used to further identify the specific
subgroups that benefited from PMRT. All statistical analyses were conducted using the SPSS version 22 (SPSS Inc.,
Chicago, IL, USA), R project (The R Foundation, Vienna, Austria), or MedCalc Statistical Software version 18.2.1
(MedCalc Software bvba, Ostend, Belgium). P-value < 0.05 was considered as significant in statistics.

Results
Patient Characteristics
A total of 13,445 patients were identified. The patient selection flowchart is listed in Figure 1. Summary statistics on
patient baseline characteristics are listed in Table 1. Of these patients, 10,547 received PMRT (78.4%) and the remaining
2899 patients (21.6%) did not receive PMRT. Most of patients were invasive ductal carcinoma (n=9989, 74.3%),
moderately to poorly differentiated disease (n=12,346, 91.8%), ER-positive (n=10,463, 77.8%), PR-positive (n=8909,
66.3%), and HER2-negative (n=10,545, 78.4%). Race, histology, T stage, ER, PR, and HER2 status were factors
associated with the compliance of PMRT (all P<0.05).

Staging Migration and Staging Model Fit
Regarding the 7th AJCC AS, 7603 (56.5%), 948 (7.1%), and 4895 (36.4%) were stage IIIA, IIIB, and IIIC diseases,
respectively. Using the 8th AJCC PPS, 3525 (26.2%), 460 (3.4%), 1335 (9.9%), 3457 (25.7%), 2169 (19.1%), and 2100
(15.6%) patients were restaged as IB, IIA, IIB, IIIA, IIIB, and IIIC diseases, respectively. Of these patients, 7102 patients
(52.8%) had stage changed, including 1160 patients (8.6%) were upstaged and 5942 patients (44.2%) were downstaged.
The frequency of stage discrepancies among individual patients has shown in Table 2.

Figure 1 Flow diagram of the study cohort.
Abbreviations: AJCC, American Joint Committee on Cancer; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; N, node; M, metastasis; PMRT,
postmastectomy radiotherapy; PR, progesterone receptor; T, tumor.
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The results of ROC curves between AS and PPS are shown in Figure 2. The C-index in the PPS was significantly
higher than the AS (0.731 vs 0.605, P<0.001). Further supporting its improved performance, the PPS demonstrated a
lower AIC (42141) compared to the AS (43118), indicating better model fit and accuracy.

Table 1 Patients’ Baseline Demographic and Clinicopathological Characteristics

Variables n No PMRT (%) PMRT (%) P

Age (years)
<50 6029 1255 (43.3) 4774 (45.3) 0.058

≥50 7417 1644 (56.7) 5773 (54.7)

Race/ethnicity
Non-Hispanic White 7848 1546 (53.3) 6303 (59.8) <0.001

Non-Hispanic Black 1921 426 (14.7) 1495 (14.2)

Hispanic (All Races) 2243 595 (20.5) 1648 (15.6)
Other 1434 333 (11.5) 1101 (10.4)

Histology
IDC 9989 2170 (74.9) 7819 (74.1) <0.001

ILC 1826 335 (11.6) 1491 (14.1)

Mixed IDC and ILC 1011 236 (8.1) 775 (7.3)
Other 620 158 (5.5) 462 (4.4)

Grade

Well differentiated 1100 203 (7.0) 897 (8.5) <0.001
Moderately differentiated 5679 1136 (39.2) 4543 (43.1)

Poorly/undifferentiated 6667 1560 (53.8) 5107 (48.4)

Tumor stage
T1 1997 465 (16.0) 1532 (14.5) 0.036

T2 6111 1295 (44.7) 4816 (45.7)

T3 3611 741 (25.6) 2870 (27.2)
T4 1727 398 (13.7) 1329 (12.6)

Nodal stage

N2 8511 1831 (63.2) 6720 (63.7) 0.582
N3 4898 1068 (36.8) 3827 (36.3)

ER status

Negative 2983 775 (26.7) 2208 (20.9) <0.001
Positive 10,463 2124 (73.3) 8339 (79.1)

PR status

Negative 4537 1120 (38.6) 3417 (32.4) <0.001
Positive 8909 1779 (61.4) 7130 (67.6)

HER2 status

Negative 10,545 2218 (76.5) 8327 (79.0) 0.005
Positive 2901 681 (23.5) 2220 (21.0)

7th AJCC staging

IIIA 7603 1616 (55.7) 5987 (56.8) 0.518
IIIB 948 215 (7.4) 733 (6.9)

IIIC 4895 1068 (36.8) 3827 (36.3)

8th AJCC staging
IB 3525 702 (24.2) 2823 (26.8) <0.001

IIA 460 104 (3.6) 356 (3.4)

IIB 1335 254 (8.8) 1081 (10.2)
IIIA 3457 719 (24.8) 2738 (26.0)

IIIB 2569 577 (19.9) 1992 (18.9)

IIIC 2100 543 (18.7) 1557 (14.8)

Abbreviations: IDC, infiltrating ductal carcinoma; ILC, infiltrating lobular carcinoma; AJCC, American Joint Committee on
Cancer; T, tumor; N, node; PMRT, postmastectomy radiotherapy; ER, estrogen receptor; PR, progesterone receptor; HER2,
human epidermal growth factor receptor 2.
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Survival and Prognostic Analyses
The median follow-up was 44 months (range, 0–107 months). A total of 2890 death were observed, including 2437 patients
(84.3%) who died from BC. The 5-year BCSS was 78.8 months. Regarding the AS, the 5-year BCSS was 84.6%, 68.6%, and
71.4% in those with stage IIIA, IIIB, and IIIC diseases, respectively (P<0.001) (Figure 3A). Patients with stage IIIC disease
had better BCSS than those with stage IIIB disease (P=0.012). According to the PPS, the 5-year BCSS was 94.4%, 87.4%,

Table 2 The Frequency of Stage Discrepancies Among Individual Patients

The 7th AJCC
Anatomic
Staging

The 8th AJCC Pathological Prognostic Staging Total

IB IIA IIB IIIA IIIB IIIC

IIIA 3526 (46.3%) 460 (6.0%) 1399 (18.4%) 1399 (18.4%) 125 (1.6%) 765 (10.0%) 7614 (56.5%)
IIIB 0 (0%) 0 (0%) 0 (0%) 250 (26.4%) 428 (45.1%) 270 (28.5%) 948 (7.0%)

IIIC 0 (0%) 0 (0%) 0 (0%) 1813 (37.0%) 2020 (41.2%) 1070 (21.8%) 4903 (36.4%)

Total 3526 (26.2%) 460 (3.4%) 1339 (9.9%) 3462 (25.7%) 2573 (19.1%) 2105 (15.6%) 13,465 (100%)

Abbreviation: AJCC, American Joint Committee on Cancer.

Figure 2 Receiver operating characteristics analyses for comparing the prognostic abilities between the 7th anatomic staging and 8th pathological prognostic staging.
Abbreviation: AJCC, American Joint Committee on Cancer.
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82.5%, 82.8%, 72.5%, 50.0% for those with stage IB, IIA, IIB, IIIA, IIIB, and IIIC diseases, respectively (P<0.001)
(Figure 3B), but the survival difference between stage IIB and stage IIIA did not reach statistical significance (P=0.681)

We conducted the first multivariate prognostic analyses which adjusted for age, race, histology, tumor grade, T stage,
N stage, ER, PR, and HER2 status in addition to PMRT receipt (Table 3). The results indicated that tumor grade, T stage,
N stage, ER, PR, and HER2 were the independent prognostic factors associated with BCSS, which supported the
incorporation of biological factors into the risk stratification of BC. In addition, patients receiving PMRT had better
BCSS than those without PMRT (hazard ratio [HR] 0.700, 95% confidence interval [CI] 0.640–0.766, P<0.001). We
further conducted the second multivariate prognostic analysis which adjusted for age, race, histology, and PPS in addition
to PMRT receipt (Table 4). The results indicated that the PPS was the independent prognostic factor associated with
BCSS, which supported the PPS also hold true in this population. Moreover, patients receiving PMRT also had better
BCSS than those without PMRT in the second multivariate prognostic model (HR 0.696, 95% CI 0.636–0.760, P<0.001).

The Implication of the PPS for PMRT Decision Making
Finally, we performed sensitivity analyses to investigate the effect of PMRT in different AS and PPS groups (Table 5).
Regarding the AS, the multivariate prognostic analyses showed that the use of PMRT was independently associated with a
better BCSS in those with stage IIIA (HR 0.812, P=0.004), IIIB (HR 0.652, P=0.003), and IIIC (HR 0.627, P<0.001) diseases
(Figure 4A–C), which indicated that the AS could not distinguish subgroups that PMRT could be safely omitted. Using the
PPS, we found that the use of PMRTwas not related to a better BCSS in those with stage IB (HR 0.882, P=0.446), IIA (HR
0.637, P=0.140), and IIB (HR 0.823, P=0.248) disease, but was independently associated with a better BCSS in those with
stage IIIA (HR 0.767, P=0.009), IIIB (HR 0.645, P<0.001), and IIIC (HR 0.649, P<0.001) diseases (Figure 5A–E).

Discussion
In the present study, we used a population-based cohort to investigate the implication of the PPS for PMRT decision-
making in N2/3 BC. Our results indicated that the PPS could provide better prognostic information and guide PMRT
decision-making in this population.

Figure 3 Kaplan–Meier survival curves of the 7th anatomic staging (A) and 8th pathological prognostic staging (B).
Abbreviations: AJCC, American Joint Committee on Cancer.
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Biological markers including grade, ER, PR, and HER2 status were useful for the selection of appropriate systemic
therapies for BC.18 In this study, we were able to confirm the findings that the PPS provides a useful model for risk
stratification and had more accurate prognostic information compared to the traditional AS.27 In previous large popula-
tion-based cohort and single-institution cohort studies, there were 46.2–54.0% of non-metastatic BC patients changed the
staging according to the new AJCC PPS, including 31.1–46.2% were downstaged and 7.5–21.2% were upstaged,8,14–17

which was similar to our study. The immediate clinical implications of the updated AJCC staging lie in the improved
prognostic accuracy of BC. However, the updated PPS does not guide current treatment decision-making, which
continues to base on T stage, N stage, ER, PR, and HER2 status. The biological classification of BC has allowed a
better understanding of the predictive behavior of the disease.

Table 3 Multivariate Prognostic Analysis in the Entire Cohort

Variables HR 95% CI P

Age (years)
<50 1

≥50 1.039 0.957–1.127 0.362

Race/ethnicity
Non-Hispanic White 1

Non-Hispanic Black 1.398 1.260–1.551 <0.001

Hispanic (All Races) 1.061 0.946–1.189 0.312
Other 0.942 0.817–1.087 0.416

Histology
IDC 1

ILC 1.137 0.985–1.313 0.08

Mixed IDC and ILC 1.125 0.950–1.332 0.173
Other 0.777 0.646–0.935 0.007

Grade

Well differentiated 1
Moderately differentiated 1.533 1.211–1.940 <0.001

Poorly/undifferentiated 2.783 2.195–3.527 <0.001

Tumor stage
T1 1

T2 1.234 1.070–1.423 0.004

T3 1.93 1.666–2.236 <0.001
T4 2.72 2.329–3.177 <0.001

Nodal stage

N2 1
N3 1.598 1.474–1.731 <0.001

ER status

Negative 1
Positive 0.628 0.558–0.706 <0.001

PR status

Negative 1
Positive 0.573 0.511–0.643 <0.001

HER2 status

Negative 1
Positive 0.491 0.443–0.545 <0.001

PMRT

No 1
Yes 0.7 0.640–0.766 <0.001

Abbreviations: IDC, infiltrating ductal carcinoma; ILC, infiltrating lobular carcinoma; T, tumor; N, node; PMRT, post-
mastectomy radiotherapy; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor
receptor 2; HR, hazard ratio; CI, confidence interval.
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PMRT remains the definitive indication for patients with stage N2/3 disease after mastectomy. The treatment
guidelines from the American Society of Clinical Oncology,28 National Comprehensive Cancer Network,18 and
European Society for Medical Oncology29 have recommended PMRT for patients with N2/3 BC after mastectomy.
There were approximately 30–35% of stage N2/3 patients did not receive PMRT from the NCDB.20,30 In our study, only
21.6% of patients were not received PMRT, which was significantly lower than the above NCDB studies. Several reasons
may contribute to the difference in PMRT compliance. First, all patients included in our study received chemotherapy,
while 13.5% of patients were not received chemotherapy in the NCBD study.30 Therefore, it is a hypothesis that patients
receiving chemotherapy may be more likely to receive the recommended PMRT. Second, we only included patients aged
<65 years, while there were 31.2% of patients >65 years in another NCDB study.20 Differences in age distribution may
also cause differences in compliance with PMRT. Finally, Underascertainment of PMRT receipt in the SEER database
also leads to differences in the probability of PMRT use.31

Several previous studies including ours have tried to answer the role of biological factors in predicting the effect of
PMRT in N2/3 BC.21–23 In 2008, the study from the Danish Breast Cancer Cooperative Group showed that PMRT was
only associated with better survival outcomes in luminal A and luminal B BC, but was not in HER2 + and triple-negative
BC,21 which was confirmed by several studies including ours.22,23 However, only limited patients in the above studies
received anti-HER2 treatment, so it is difficult to accurately assess the benefit of PMRT for stage N2/3 patients in the era
of multidisciplinary therapy. The 8th AJCC PPS manual was determined based on the BC population using the data from
the NCDB that were offered and mostly treated with appropriate multidisciplinary treatment.32 However, the current
studies based on the new staging mainly focus on the prognostic analyses, and their role in treatment decision-making
remains unclear. In our previous study, regarding T2N1 BC, we have found that PMRT was independently related to a
better BCSS in those with stage III disease according to the PPS criterion, but not in those with stage IA-IIB diseases.13

Table 4 Multivariate Prognostic Analysis in the Entire Cohort, Including the 8th
Pathological Prognostic Staging

Variables HR 95% CI P

Age (years)

<50 1

≥50 1.028 0.948–1.115 0.504
Race/ethnicity

Non-Hispanic White 1

Non-Hispanic Black 1.42 1.280–1.574 <0.001
Hispanic (All Races) 1.076 0.960–1.206 0.207

Other 0.974 0.844–1.123 0.714
Histology

IDC 1

ILC 1.186 1.036–1.359 0.014
Mixed IDC and ILC 1.174 0.993–1.387 0.060

Other 0.889 0.741–1.068 0.208

8th AJCC staging
IB 1

IIA 1.881 1.385–2.554 <0.001

IIB 2.664 2.192–3.239 <0.001
IIIA 2.663 2.266–3.130 <0.001

IIIB 4.430 3.773–5.201 <0.001

IIIC 10.036 8.579–11.739 <0.001
PMRT

No 1

Yes 0.696 0.636–0.760 <0.001

Abbreviations: IDC, infiltrating ductal carcinoma; ILC, infiltrating lobular carcinoma; AJCC, American Joint
Committee on Cancer; PMRT, postmastectomy radiotherapy; HR, hazard ratio; CI, confidence interval.
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In T3N0 BC, we also found that the use of PMRT was independently associated with a better BCSS in those with stage
IIB disease according to the PPS criterion, but not in those with stage IA, IB, IIA, and IIIA diseases.12 However, it is still
unknown whether the PPS will affect the PMRT decision of N2/3 patients. In fact, the extent of disease rather than

Table 5 Sensitivity Analyses of Postmastectomy Radiotherapy Receipt on Breast
Cancer-Specific Mortality Using the Cox Regression Models

Variables HR 95% CI P

7th AJCC stage IIIA*

No PMRT 1

PMRT 0.812 0.705–0.935 0.004
7th AJCC stage IIIB*

No PMRT 1

PMRT 0.652 0.493–0.861 0.003
7th AJCC stage IIIC*

No PMRT 1
PMRT 0.627 0.552–0.712 0<0.001

8th AJCC stage IB#

No PMRT 1
PMRT 0.882 0.639–1.217 0.446

8th AJCC stage IIA#

No PMRT 1
PMRT 0.637 0.350–1.160 0.14

8th AJCC stage IIB#

No PMRT 1
PMRT 0.823 0.592–1.145 0.248

8th AJCC stage IIIA#

No PMRT 1
PMRT 0.767 0.629–0.935 0.009

8th AJCC stage IIIB#

No PMRT 1
PMRT 0.645 0.538–0.772 <0.001

8th AJCC stage IIIC#

No PMRT 1
PMRT 0.649 0.560–0.751 <0.001

Notes: *Indicates adjustment of age, race/ethnicity, histology, tumor stage, nodal stage, tumor grade, ER
status, PR status, and HER2 status. #Indicates adjustment of age, race/ethnicity, histology, and 8th AJCC
staging.
Abbreviations: AJCC, American Joint Committee on Cancer; PMRT, postmastectomy radiotherapy; HR,
hazard ratio; CI, confidence interval.

Figure 4 The effect of postmastectomy radiotherapy on breast cancer-specific survival according to the 7th anatomic staging ((A) stage IIIA disease; (B) stage IIIB disease;
(C) stage IIIC disease).
Abbreviation: PMRT, postmastectomy radiotherapy.
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biological markers is widely used for current PMRT decisions. In our study, significantly more patients were downstaged
than upstaged, and enhanced knowledge regarding biology in BC has potentially affected significant changes in the
treatment decision-making involving adjuvant radiotherapy.

Despite the current guidelines recommending PMRT for N2/3 BC,18,28,29 a study from the NCDB showed that PMRT
was not a significant predictor for survival.20 In our study, we found that PMRT was independently related to a better
BCSS regardless of the AS, which was similar to the recommendation from the current guidelines. However, we found
that PMRT improved the BCSS of patients with stage IIIA, IIIB, and IIIC diseases based on the PPS criterion, while no
survival benefits of PMRT were found in those with stage IB, IIA, and IIB diseases. Our findings suggest that the PPS
system not only has better prognostic value but also has a critical role in predicting the benefit of PMRT for those with
N2/3 BC.

In this study, 13,446 patients were identified, and there were 3525, 460, and 1335 were reassigned as IB, IIA, and IIB
according to the PPS criterion, respectively. Our findings suggest that the use of the PPS for PMRT decision-making may
enable approximately 40% of patients to avoid PMRT. PMRTwill not only increase the economic burden on patients and
society but also have potential toxicity to the heart, lungs as well as thyroid.33–36 Therefore, de-escalation of PMRT has
not only an economic effect but also a protective effect in this population, although the cost-effectiveness and cost-benefit
analyses require more long-term and large-scale studies. Moreover, more studies are required to use individualized
patient profiling and patient stratification, and to apply multi-level diagnostics to advance clinically relevant prediction on
the effect of the new staging system for PMRT-decision making.37–40

This study had several limitations. First, the nature of the retrospective analyses may induce selection bias. However,
no randomized controlled trials are currently undergone to investigate the PPS on treatment decision-making, and a large
randomized trial is not likely to be feasible in the current clinical practice. Therefore, observational analysis based on a
large population cohort may provide the best level of evidence. Second, the chemotherapy regimen, chemotherapy
completion rate, target volume, dose, and technique of PMRT, as well as the information regarding anti-HER2 therapy
and endocrine therapy were not included in the SEER database. However, the patients included in the present study were
in the era of multidisciplinary treatment, and the survival outcomes in our study were similar to the results from the BC
population that determined the new AJCC staging.32 Therefore, it is reasonable to assume that most of our patients

Figure 5 The effect of postmastectomy radiotherapy on breast cancer-specific survival according to the 8th pathological prognostic staging ((A) stage IB disease; (B) stage
IIA disease; (C) stage IIB disease; (D) stage IIIA disease; (E) stage IIIB disease; (F) stage IIIC disease).
Abbreviation: PMRT, postmastectomy radiotherapy.
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receive appropriate multidisciplinary treatment. In addition, the patterns of failure after PMRT are not recorded in the
SEER program. Moreover, this study is only applicable to patients receiving appropriate multidisciplinary treatment, and
may not apply to some African and Asian populations as well as some underserved communities in the United States.41

Finally, the relatively short follow-up time limits our results for clinical practice, and a long-term follow-up is required to
determine the effect of biological markers on predicting the survival benefit of PMRT in this population.

Conclusions
In conclusion, the current analyses provide initial evidence that the 8th AJCC staging has resulted in superior risk
stratification and a better tool to predict the benefit of PMRT in N2/3 BC compared to the 7th AJCC AS staging. These
results support that PMRT conferred the greatest improvement in survival of patients with the unfavorable prognostic
group using the new staging system. More studies that prospective validation of this strategy are required before
widespread adoption.
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