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Abstract \
Background: Breast cancer is one of the most common cancers in women, and treatment options include surgery, systemic
therapies, and radiotherapy (RT). While postoperative RT plays an important role in reducing local recurrence rates and improving
survival outcomes, its exact impact on patients with pathological stage IIB breast cancers remains unidentified.

Methods: In this retrospective cohort study, patients with newly diagnosed pathological stage IIB breast cancer who underwent
surgery and postoperative RT were included. The data were collected from medical records, and survival outcomes were assessed
using the Kaplan-Meier method, log-rank tests, and Cox regression models.

Results: In total, 350 patients participated in this study. Overall survival, locoregional recurrence-free survival, event-free survival,
and distant metastasis-free survival rates did not significantly differ between those who received RT and those who did not.
Multivariate analyses revealed that patients who received anthracycline or taxane chemotherapy had better survival outcomes.
Conclusion: Our findings demonstrated that postoperative RT had no significant effect on overall survival, locoregional recurrence,
event-free survival, or distant metastasis rates in patients with pathological stage IIB breast cancer. However, anthracycline- and
taxane-based chemotherapies were associated with improved outcomes. These findings demonstrated the complexities of treat-
ing such patient populations with multimodal therapies. Further research is needed to ensure optimal postoperative RT in patients
with pathological stage 1B breast cancer. Clinicians must consider individual patient characteristics and incorporate comprehensive
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treatment approaches to ensure successful outcomes in this population.

1. INTRODUCTION

Breast cancer is the most common type of cancer in women
worldwide. In Taiwan, it is the most common cancer in women,
accounting for approximately 13% of all new cases.! Breast can-
cer management is a complex process influenced by several factors,
including disease stage, patient age, and overall health. Treatment
options include surgery, systemic therapies such as chemotherapy,
hormonal therapy, targeted therapy, and radiotherapy (RT).?
Postoperative RT, including whole breast or chest wall irradiation
and regional nodal irradiation (RNI), plays a crucial role in reduc-
ing the risk of local recurrence in patients with breast cancer.® It
aims to improve survival rates and minimize the risk of recurrence
by targeting residual cancer cells in the breast or regional lymph
nodes after surgery.* It is particularly beneficial for patients with
high-risk characteristics such as larger tumor size, lymph node
involvement, or a more advanced pathological stage.
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Pathological stage IIB breast cancer is typically characterized by
a tumor larger than 2 cm but not exceeding 5cm (T2) with involve-
ment of one to three axillary lymph nodes (N1) or a tumor larger
than 5cm (T3) with no lymph node involvement (NO).? Although it
is widely assumed to be in its early stages, some research classifies
it as locally advanced breast cancer.’¢ Previous studies have investi-
gated the impact of postoperative RT on overall survival (OS), local
recurrence, and distant metastasis (DM). In 2005, 2011, and 2014,
the Early Breast Cancer Trialists’ Collaborative Group (EBCTCG)
conducted meta-analyses comparing RT to no-RT after surgery.
These analyses revealed a reduced risk of breast cancer recurrence
and mortality when RT was applied.>”* However, the reported
effects of RT were not limited to patients with stage IIB breast can-
cer. Furthermore, a randomized trial initiated in 1976 found no
significant differences in disease-free survival, distant disease-free
survival, or OS.” Consequently, further investigation is necessary to
determine the optimal use of postoperative RT in cases of patho-
logical stage IIB breast cancer.

As the clinical strategy for pathological stage IIB breast can-
cer is rather ambiguous, we aimed to investigate the effects
of postoperative RT on the survival outcomes of patients and
determine which subgroup of patients might benefit from post-
operative RT owing to some risk factors.

2. METHODS

2.1. Study population and data source

In this study, a retrospective population-based cohort was con-
structed by reviewing our hospital’s medical records. Patients with
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newly diagnosed breast cancer who were treated at our hospital
between January 1, 2007, and December 31, 2016, were included
in this study. The main inclusion criteria were proven invasive breast
carcinoma with pathological stage IIB, including breast cancer with
pathological stage T2 (tumor larger than 2 cm but not exceeding 5 cm)
and N1 (involvement of one to three axillary lymph nodes) (pT2N1)
and breast cancer with pathological stage T3 (tumor larger than
Scm) and NO (no lymph node involvement) (pT3NO) according to
the tumor, node and metastasis staging system of the American Joint
Committee on Cancer classification system 8th edition, and receiving
primary treatment with surgery and postoperative RT. Patients with
a history of other primary cancers, missing cancer stage or RT infor-
mation, or who had neoadjuvant chemotherapy for breast cancer
were excluded from this study. The current analysis was based on
follow-up information through October 31, 2022. The protocol for
this study was approved by the Institutional Review Board of Taipei
Veterans General Hospital (IRB no. 2021-02-006AC).

2.2. Study variables and covariates

The primary outcomes were OS and event-free survival (EES).
Secondary outcomes were locoregional recurrence-free survival
(LRRFS) and DM-free survival (DMFS). The times to these end-
points were all calculated from the date of surgery. EFS events
included the first recurrence at a local, regional, or distant site, as
well as death without evidence of cancer, as determined by clinical
evidence from imaging or a pathology report. A first locoregional
recurrence included relapse in the ipsilateral breast, chest wall, or
regional nodal sites such as the axillary, supraclavicular, or internal
mammary nodes. Recurrences at other locations, such as the bone,
liver, lung, or central nervous system, were classified as distant
metastases. Covariates included status of RT and RNI (including
irradiation of axillary, supraclavicular, or internal mammary nodal
region), RNI region, patient age at the time of surgery, and tumor
site. Pathologic information included the surgical method for the
primary tumor (total mastectomy and lumpectomy) and lymph
node (sentinel lymph node biopsy and axillary lymph node dissec-
tion), histologic grade, lymphovascular invasion, surgical margin
status (RO, R1 resection), Ki-67 index (%), extranodal extension
status (ENE), and immunohistochemical staining of estrogen recep-
tor, progesterone receptor, and human epidermal growth factor
receptor 2 (HER2). Furthermore, data on the adjuvant chemother-
apy regimen, as well as the status of hormonal therapy and target
therapy, were retrieved from the medical records.

For the policy of RT in our hospital, according to the previous
studies,>”* whole breast irradiation is indicated for patients sta-
tus post breast-conserving surgery, whereas chest wall irradiation
is for mastectomized patients having primary tumor of pT3 and
beyond. RNI is indicated for patients of more than three posi-
tive lymphadenopathies (pN2 and beyond). For patients with
1 to 3 positive lymph nodes, however, the clinical management
varies and is at radiation oncologist’s discretion. All patients had
3D-conformal RT using standard or high tangential fields with
45 to 50.4 Gy in 25 to 28 fractions. For additional tumor bed
boost the typical doses are 10 to 16 Gy in 4 to 8 fractions.

2.3. Statistical analysis

Categorical variables were compared using Fisher exact test,
and continuous variables were compared using Student’s ¢ test
or Mann-Whitney U test. The Kaplan-Meier method was used
to estimate survival functions, and the log-rank test was used
to compare survival distributions between groups in univariate
analysis. Cox regression was used for multivariate analysis to
assess the effect of multiple covariates on the hazard ratio [HR]
of the event of interest. Overall, these methods were used to
assess the relationship between various predictors and survival
outcomes in the study population. A p < 0.05 was considered
statistically significant, with no adjustment for multiple testing.
All analyses were conducted using R software, Version 4.3.0.
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3. RESULTS

Between December 2016 and January 2007, 350 patients were
recruited. The baseline characteristics of patients in both study
groups were comparable (Table 1). The majority of patients had

Patients’ characteristics

RT (n=117) No-RT (n=233) P
Median age (range), y 50 (29-82) 60 (30-87) 0.01
Stage, n (%) 1.00
pT2N1 109 (93.2) 218 (93.6)
pT3NO 8(6.9) 15 (6.4)
Site, n (%) 0.45
Central/ medial 33(28.2) 80 (34.3)
Lateral 50 (42.7) 96 (41.2)
Overlapping/multifocal/unspecified 34 (29.1) 57 (24.5)
Primary tumor surgical method, n (%) 0.01
BCS 68 (58.1) 6 (2.6)
Mastectomy 49 (41.9) 227 (97.4)
Lymph node surgical method, n (%) 0.01
ALND 84 (71.8) 215(92.3)
SLNB 18 (15.4) 14 (6)
Nil 15 (12.8) 4(1.7)
Surgical margin, n (%) 0.01
RO 87 (74.4) 216 (92.7)
R1, close margin, unknown 30 (25.6) 17 (7.3)
KI-67, n (%) 0.90
Kl <35% 41 (35) 76 (32.6)
Kl >35% 39 (33.3) 82 (35.2)
Unknown 37 (31.6) 75(32.2)
Hormone receptor status, n (%) 0.15
ER+ or PR+, with HER2— 74 (63.2) 150 (64.4)
HER2+ 25(21.4) 62 (26.6)
Triple-negative 18 (15.4) 219
ENE, n (%) 0.01
+ 25(21.4) 69 (29.6)
- 76 (65) 153 (65.7)
Unknown 16 (13.7) 114.7)
Grade, n (%) 0.05
1 8(7) 4(1.7)
2 60 (52.6) 134 (58)
3 46 (40.4) 93 (40.3)
LV, n (%) 0.02
+ 66 (56.4) 117 (50.2)
- 42 (35.9) 110 (47.2)
Unknown 9(7.7) 6 (2.6)
Chemotherapy, n (%) 0.01
Anthracycline-taxane-based therapy 86 (73.5) 125 (53.6)
Anthracycline or taxane only 12 (10.3) 44 (18.9)
Non or unknown 13(11.1) 56 (24)
Others® 6(5.1) 8(3.4)
Hormonal therapy, n (%) 0.90
+ 83(70.9) 168 (72.1)
- 34 (29.1) 65 (27.9)
HER2-directed agent, n (%) 0.31
+ 23(19.7) 53 (22.7)
- 93 (79.5) 180 (77.3)
Unknown 1(0.9 0(0)

ALND = axillary lymph node dissection; BCS = breast-conserving surgery; ENE = extranodal exten-
sion; ER = estrogen receptor; HER2 = human epidermal growth factor receptor 2; LVI = lympho-
vascular invasion; PR = progesterone receptor; pT2N1 = breast cancer with pathological stage T2
(tumor larger than 2cm but not exceeding 5cm) and N1 (involvement of one to three axillary lymph
nodes); pT3NO = breast cancer with pathological stage T3 (tumor larger than 5c¢m) and NO (no lymph
node involvement); RT = radiotherapy; SLNB = sentinel lymph node biopsy.

aFisher exact tests were used for numerical variables, and Mann-Whitney U tests were used for
categorical variables.

“Cisplatin, carboplatin, methotrexate.
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pT2N1-stage cancer (93.2% in the RT group and 93.6% in the
no-RT group). Estrogen receptor/progesterone receptor-positive
disease predominated (63.2% in the RT group and 64.4% in
the no-RT group). The majority of patients (73.5% of the RT
group and 53.6% of the no-RT group) received anthracycline-
taxane-based chemotherapy. Patients who received RT had
mostly breast-conserving surgery (58.1%), while those who did
not have mostly mastectomy (97.4%). Patients were divided
into RNI and no-RNI groups, and their baseline characteristics
are summarized in Supplementary Table 1, http://links.lww.com/
JCMA/A227. There was a high level of collinearity between the
RNI region and the RNI. To avoid nonconvergence, the RNI
region was not included in the subsequent multivariate analysis.
The median follow-up at the time of this analysis was 8.9 years.
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3.1. Overall survival

The OS in relation to RT and RNI is depicted in Fig. 1. The
10-year survival rates were 85.9% in the RT group and 78.2%
in the no-RT group (HR = 0.742, 95% CI, 0.426-1.293, p =
0.290; Fig. 1A). In terms of RNI, the 10-year survival rates were
83.8% in the RNI group and 79.9% in the no-RNI group (HR
- 0.765, 95% CI, 0.399-1.466, p = 0.418; Fig. 1B). There was
no significant difference in OS between the groups studied. The
HRs for death were also not statistically significant, indicating
that neither RT nor RNI had a significant impact on patient
survival in this dataset.

The Cox proportional hazards regression (Fig.2) analysis
revealed that patients who received anthracycline- and taxane-
based chemotherapy had significantly better survival outcomes (p
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Fig. 1 Kaplan-Meier estimates of overall survival according to (A) RT and (B) RNI. RNI = regional nodal irradiation; RT = radiotherapy.
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Hazard Ratio (95% Cl) P

Stage: pT2N1 0.72
Age: older . 0.50
Grade: higher —_— 0.13
Tumor Site

Lateral —— 0.75

Overlapping/multifocal/unspecified 0.10
RNI 0.30
ENE: + _ 0.55
Ki-67 2 35% _— 0.03
Lymph node surgical method

SLNB 0.34
Homonal receptor status

HER-2+ 0.80

TNB 0.08
Chemotherapy

Anthracycline-taxane based —_— <0.001

Anthracycline or taxane only - 0.01

Others 0.15
Hormonal therapy: + 0.91
Target therapy: + 0.15
LVI: + _— 0.46
Surgical margin: RO 033

0.25
<

05 05 1 ) 5 10 )

>

Better Worse

Fig. 2 The overall survival hazard ratio based on multivariate analyses. ENE = extranodal extension status; HER2 = human epidermal growth factor receptor
2; LVI = lymphovascular invasion; RO = microscopically margin-negative resection; RNI = regional nodal irradiation; SLNB = sentinel lymph node biopsy; TNB =

Triple-negative breast cancer.

< 0.001), while those who received only anthracycline or taxane
had slightly better outcomes (p = 0.010). High Ki-67 expression
greater than 35% indicated worse survival (p = 0.03). On the other
hand, RT was beneficial to patients with pT2N1 or Ki-67 expres-
sion of 35% or higher (Supplementary Table 2, http:/links.lww.
com/JCMA/A228). The results are detailed in Fig. 2. If the CI for a
covariate was not bounded, it was not included in the forest plot.

3.2. Event-free survival

The event was defined as the occurrence of either LRR or DM
events. Data on patient event in relation to RT and RNI revealed
no significant differences in EFS between the groups studied. The
10-year EFS rates were 78.9% for the RT group and 77.7% for
the no-RT group (HR = 0.917,95% CL, 0.556-1.511,p = 0.732;
Fig. 3A). Additionally, the 10-year EFS rates were 86.3% for the
RNI group and 76.1% for the no-RNI group (HR = 0.660, 95%
CI, 0.347-1.253, p = 0.200; Fig. 3B).

The multivariate analyses (Fig. 4) revealed that RNI was associ-
ated with a marginally lower risk of event (HR = 0.11, p = 0.06).
The tumor site was also associated with event, with patients with
overlapping, multifocal, or unspecified tumors having a lower risk
of event (HR = 0.25, p = 0.02). In addition, patients who received
anthracycline- and taxane-based chemotherapy had significantly
better survival outcomes (p = 0.03). No other variables were found
to be significantly associated with event. Overall, RNI was associ-
ated with a lower risk of event in both univariate and multivariate
Cox proportional hazards regression analyses.

3.3. Local recurrence-free survival

In terms of locoregional recurrence in relation to RT and RNI,
there were no significant differences in LRRFS between the
groups studied. The 10-year LRRFS rates were 75.9% for the
RT group and 72.1% for the no-RT group (HR = 0.886, 95%
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CI, 0.542-1.448, p = 0.629; Fig. 5A). Additionally, the 10-year
LRREFS rates were 79.9% for the RNI group and 71.4% for the
no-RNI group (HR = 0.663, 95% CI, 0.358-1.230, p = 0.190;
Fig. 5B). The analysis indicated that neither RT nor RNI had a
statistically significant influence on LLR in this dataset.
According to the multivariate analysis, the following factors
were found to be significantly associated with a lower risk of
LRR: overlapping, multifocal, or unspecified sites (HR = 0.30,
p = 0.03), adjuvant hormonal therapy (HR = 0.22, p = 0.01),
targeted therapy (HR = 0.05, p < 0.001) and anthracycline-
and taxane-based chemotherapy (HR = 0.25, p = 0. 01). Ki-67
expression of 35% or higher was marginally associated with a
higher risk of recurrence (HR = 2.35, p = 0.07). Patients with
HER2-positive breast cancer had a significantly higher risk of
LRR (HR = 8.42,p < 0.001). The results are presented in Fig. 6.

3.4. DM-free survival

Neither RT nor RNI had a statistically significant impact on
DMES. The 10-year DMFS rates were 82.8% for the RT group
and 80.3% for the no-RT group (HR = 0.995, 95% CI, 0.557-
1.777, p = 0.987; Fig. 7). In addition, the 10-year DMFS rates
were 89.0% for the RNI group and 78.9% for the no-RNI
group (HR = 0.652, 95% CI, 0.307-1.386, p = 0.263; Fig. 8).

Multivariate analyses revealed that anthracycline- and taxane-
based chemotherapy (HR = 0.25, p = 0.02) and older age (HR =
0.95, p = 0.003) were associated with a significantly lower risk
of DM. Furthermore, RNI was associated with a lower risk of
DM (HR = 0.23, p = 0.24; Fig. 8).

4. DISCUSSION

is study investigate e impact of a number of factors on
This study gated th pact of ber of fact
patients’ OS, disease events, and DM rates in pathological stage
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Fig. 3 Kaplan-Meier estimates of event-free survival according to (A) RT and (B) RNI. RNI = regional nodal irradiation; RT = radiotherapy.

IIB breast cancer. The long-term outcomes of patients who
received RT or RNI were compared to those who did not. The
log-rank univariate analysis revealed that the survival rates did
not differ significantly between cohorts. Multivariate analyses
revealed an association between RNI and a reduced risk of dis-
ease events, LRR, or DM. Cox regression analyses revealed that
patients who received adjuvant chemotherapy regimens based
on anthracycline and taxane, or any of these, had better out-
comes in all categories. Ki-67 expression of 35% or higher was
associated with worse OS rates. Patients who received adjuvant
hormonal or targeted therapy had better locoregional outcomes,
but those who tested positive for the hormonal receptor sub-
type HER2 had poorer outcomes. Patients with older ages had
favorable DMFS rates. These findings provide a comprehensive
picture of the impact of RT on breast cancer at this stage.
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The purpose of this study was to gain insight into the effects
of postoperative RT on patients with pathological stage 1IB
breast cancer who had not received neoadjuvant chemother-
apy. The EBCTCG meta-analysis in 2005 revealed that RT
improved OS when adjuvant RT was added.? Furthermore, an
EBCTCG meta-analysis conducted in 2011 reported a modest
but statistically significant reduction in breast cancer deaths.”
Both studies, however, did not provide a specific breakdown
of the various stages in patients with early-stage breast can-
cer. Moreover, Kaplan et al'® distinguished this study as being
from the modern era due to general advancements in surgi-
cal technique, RT, or hormonal therapy. Furthermore, while
the randomized study NSABP B-06 found a lower 20-year
cumulative recurrence rate on the ipsilateral side in patients
who received irradiation following lumpectomy compared
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Fig. 4 The event-free survival hazard ratio based on multivariate analyses. ENE = extranodal extension status; HER2 = human epidermal growth factor receptor
2; LVI = lymphovascular invasion; RO = microscopically margin-negative resection; RNI = regional nodal irradiation; RT = radiotherapy; SLNB = sentinel lymph

node biopsy; TNB = Triple-negative breast cancer.

to those who did not (14.3% vs 39.2%, p = 0.001), there
was no difference in disease-free, distant disease-free, or OS
rates.” The definition of recurrence varies depending on the
study. When analyzing disease-free survival in NSABP B-06,
for example, the occurrence of a tumor on the ipsilateral side
of the breast following a lumpectomy was not considered an
event. This was because women who had total mastectomy
as their assigned treatment were not at risk of such an event.
Therefore, the appearance of a recurrent lump in the breast
ipsilateral to the lumpectomy was deemed a cosmetic failure
in this trial. Despite the fact that the evidence was strong
and the conclusion was well established, the findings of these
studies are ambiguous due to a wide range of inconsistencies.

A number of studies have investigated the effectiveness of
RNI after surgery for patients with pT2N1 breast cancer. A ran-
domized controlled trial found that adding nodal radiation to
regional irradiation reduced regional recurrence and improved
disease-free life expectancy.!! However, there is disagreement
about the impact of RNI on OS.!2 In a previous analysis, there
was no difference between patients who received nodal radiation
and those who did not."”® In fact, our study revealed that RNI
was associated with a reduced risk of disease events, LRR, and
DM. Chest wall irradiation, on the other hand, is an important
part of treatment for women with pT3NO pathological breast
cancer. It is designed to reduce the risk of local recurrence and
eliminate any residual tumor cells that may remain in the chest
wall following mastectomy.'* The effect of chest wall irradia-
tion after mastectomy on patients with pT3NO breast cancer has
been extensively studied.'> A meta-analysis revealed a significant
decrease in local recurrences with chest wall irradiation.'® It has
also been linked to improved disease-free life expectancy in this
patient group.'” The impact of RT on OS remains a matter of
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debate.!® Due to the small number of pT3NO cases in our data-
base (only 6%) and the low incidence of this disease, it was not
possible to conduct additional analysis of the benefits of chest
wall RT postoperatively on this subgroup. The group that would
benefit from RT or RNI has yet to be determined. However, our
data were insufficiently powered to assess the benefits of differ-
ent subgroups. The p values for subgroup analyses were also not
adjusted for multiple testing. In addition, interaction terms were
included in the analysis of subgroup differences. The results
were not statistically significant, but they did show that RT was
preferred in patients with Ki-67 expression greater than 35%
or only receiving sentinel lymph node biopsy, as detailed in the
Supplementary Section.

Our multivariate results were consistent with the findings
of previous research. Our findings revealed that, among all
covariates tested, HER2 was associated with significantly lower
LRREFS rates. Overexpression of this receptor protein has been
linked to aggressive tumor behavior and an increased risk of
recurrence in multiple studies.!”?® For patients with early breast
cancer, sequential administration of taxanes and anthracy-
clines has been common. The combined regimens consistently
improved disease-free and OS when compared to anthracycline
or taxane chemotherapy alone.?'?> Our study’s findings also
supported this conclusion. ENE, or extracapsular expansion,
has been identified as an independent predictor of poor progno-
sis in breast cancer, even after adjusting for other clinicopatho-
logical variables.?*?> However, as with lymphovascular space
invasion, the present study found a weak, nonsignificant cor-
relation between ENE and worse EFS.

The study has some limitations. First, our dataset was not
linked to the National Death Registry, which could have pro-
vided additional information, such as breast cancer-specific
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Fig. 5 Kaplan-Meier estimates of locoregional recurrence-free survival according to (A) RT and (B) RNI. RNI = regional nodal irradiation; RT = radiotherapy.

mortality, to allow for a more precise study on the effects of
RT and RNI. Second, this was a retrospective analysis with a
relatively small number of patients (n = 350), and there were
missing data in the medical records (eg, ambiguous documenta-
tion regarding the status of surgical margins, ENEs, regimens
of adjuvant systemic treatment, latest follow-up dates, and
so on). Third, only patients who were at a certain stage and
had not received neoadjuvant chemotherapy were included.
However, the effectiveness of RT and RNI may be more defi-
nite in other circumstances. Besides, the side effects of these
therapies should also be reviewed and evaluated. Last, we had
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performed sensitivity analysis to compare the propensity of
receiving treatment between the two groups. It turns out the
lack of covariate overlap is indeed a challenge for comparing
the two groups (RT vs no-RT group). In order to solve this
issue, we had already input surgical types into our multivari-
able regression.?¢ However, this sort of confounding by indica-
tion cannot be entirely managed by statistical methods and need
more patient data (eg, the numbers of patients who receive post-
mastectomy radiotherapy). Therefore, based on the associated
risk factors found in our current study, we should perform
causal inference analysis in the future. (eg, comparison of RT
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Fig. 6 The locoregional recurrence-free survival hazard ratio based on multivariate analyses. ENE = extranodal extension status; HER2 = human epidermal
growth factor receptor 2; LVI = lymphovascular invasion; RO = microscopically margin-negative resection; RNI = regional nodal irradiation; RT = radiotherapy;

SLNB = sentinel lymph node biopsy; TNB = Triple-negative breast cancer.

vs no-RT within patients receiving either breast-conserving sur-
gery [BCS] or mastectomy only.) Moreover, the findings of our
investigation have stimulated subsequent research endeavors
aimed at enhancing data collection methodologies with the goal
of augmenting generalizability.

The present study reevaluated postoperative RT for patients
with pathological stage IIB breast cancer and found that RNI
after surgery could reduce local recurrence as well as DM. To
provide stronger evidence, future research should focus on
large-scale prospective studies that are well-designed and follow
standardized treatment protocols. To guide treatment decisions,
it is important to carefully consider the benefits and side effects
of each treatment modality in relation to individual patient
characteristics and preferences. Furthermore, postoperative RT,
including chest wall/whole breast radiation and RNI, should be
used with caution in patients with pathological stage IIB breast
cancer.

In conclusion, this study provides valuable insights into the
impact of RT on patients with pathological stage IIB breast can-
cer. The findings suggest that RT or RNI did not significantly
influence overall, event-free, or LRRFS. However, anthracycline-
and taxane-based chemotherapy showed favorable survival out-
comes. High Ki-67 expression was associated with worse OS.
These results contribute to our understanding of the optimal
use of postoperative RT in pathological stage IIB breast cancer
patients and underscore the importance of personalized treat-
ment approaches. Herein, RT did not have a significant impact
on OS or disease events in pathological stage IIB breast cancer
patients following breast-conserving surgery or mastectomy.
However, further research is needed to validate these findings
and determine the optimal treatment strategies for this specific
subgroup of patients.

www.ejcma.org

‘ ‘ CA9_V87N2_Text.indb 209

ACKNOWLEDGMENTS

The authors would like to express their gratitude to the medi-
cal staff who facilitated the data collection at our hospital. This
research received no specific grant from any funding agency in
the public, commercial, or not-for-profit sectors. This study was
approved by the Institutional Review Board of Taipei Veterans
General Hospital (IRB No. 2021-02-006AC) and waived the
requirement for obtaining informed consent.

APPENDIX A. SUPPLEMENTARY DATA

Supplementary data related to this article can be found at http://
links.Iww.com/JCMA/A227 and http://links.lww.com/JCMA/
A228.

REFERENCES

1. Health Promotion Administration, Ministry of Health and Welfare, Taiwan.
Taiwan Cancer Registry Annual Report of 2020. Available at http://www.
hpa.gov.tw/Pages/List.aspx?nodeid=269. Accessed December, 2022.

2. National Comprehensive Cancer Network. Breast Cancer (Version
4.2023). Available at https://www.nccn.org/guidelines/guidelines-
detail?category=1&id=1419. Accessed March, 2023.

3. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG). Effects
of radiotherapy and of differences in the extent of surgery for early
breast cancer on local recurrence and 15-year survival: an overview of
the randomized trials. Lancet 2005;366:2087-106.

4. Recht A, Comen EA, Fine RE, Fleming GE, Hardenbergh PH, Ho AY,
et al. Postmastectomy radiotherapy: an American Society of Clinical
Oncology, American Society for Radiation Oncology, and Society
of Surgical Oncology focused guideline update. Pract Radiat Oncol
2016;6:€219-34.

209

31-Jan-24 16:28:09 ‘ ‘



Pan et al. J Chin Med Assoc
A Distant metastasis free survival
1.00 s o
e o T —
2 (754 Rt
E
©
R}
o
2 (0.501
©
2
g
» 0.251 Log-rank test Strata
p =0.987 = RT
No RT
0.00 1
0 2 4 6 8 10 12 14 16
Time (years)
Number at risk: n (%)
‘g RT 1117 (100) 108 (92) 95 (81) 76 (65) 48 (41) 29 (25) 13 (11) 3(3) 0(0)
n 233 (100) 214 (92) 185 (79) 161 (69) 113 (48) 68 (29) 37 (16) 13(6) 0 (0)
0 2 4 6 8 10 12 14 16
Time (years)
B Distant metastasis free survival
100 e
2
3 0.757
1]
o
o
o
= 0.501
2
2
@ L k test
L9 og-ranx tes Strata
p=0.263  RNI
0.004 No RNI
0 2 4 6 8 10 12 14 16
Time (years)
Number at risk: n (%)
g RNI{117 (100) 70 (91) 61(79) 51 (66) 34 (44) 22(29) 9(12) 1(1) 0(0)
5 273 (100) 252 (92) 219 (80) 186 (68) 127 (47) 75(27) 41(15) 15(5) 0(0)
0 2 4 6 8 10 12 14 16
Time (years)
Fig. 7 Kaplan-Meier estimates of distant metastasis-free survival according to (A) RT and (B) RNI RNI = regional nodal irradiation; RT = radiotherapy.

5. Mandilaras V, Bouganim N, Spayne ], Dent R, Arnaout A, Boileau JF, et
al. Concurrent chemoradiotherapy for locally advanced breast cancer-
time for a new paradigm? Curr Oncol 2015;22:25-32.

6. Simos D, Clemons M, Ginsburg OM, Jacobs C. Definition and conse-
quences of locally advanced breast cancer. Curr Opin Support Palliat
Care 2014;8:33-8.

7. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG).
Relevance of breast cancer hormone receptors and other factors to
the efficacy of adjuvant tamoxifen: patient-level meta-analysis of ran-
domised trials. Lancet 2011;378:771-84.

8. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG). Adjuvant
bisphosphonate treatment in early breast cancer: meta-analyses of indi-
vidual patient data from randomised trials. Lancet 2015;386:1353-61.

210

‘ ‘ CA9_V87N2_Text.indb 210

9. Fisher B, Anderson S, Bryant J, Margolese RG, Deutsch M, Fisher ER, et
al. Twenty-year follow-up of a randomized trial comparing total mastec-
tomy, lumpectomy, and lumpectomy plus irradiation for the treatment of
invasive breast cancer. N Engl ] Med 2002;347:1233-41.

10. Kaplan HG, Malmgren JA, Atwood MK, Calip GS. Effect of treatment
and mammography detection on breast cancer survival over time: 1990-
2007. Cancer 2015;121:2553-61.

11. Whelan TJ, Olivotto IA, Parulekar WR, Ackerman I, Chua BH, Nabid
A, et al; MA.20 Study Investigators. Regional nodal irradiation in early-
stage breast cancer. N Engl | Med 2015;373:307-16.

12. Mamounas EP, Anderson SJ, Dignam JJ, Bear HD, Julian TB, Geyer
CE, Jr, et al. Predictors of locoregional recurrence after neoadjuvant
chemotherapy: results from combined analysis of national surgical

Www.ejcma.org

31-Jan-24 16:28:09 ‘ ‘



Original Article. (2024) 87:2 J Chin Med Assoc
Hazard Ratio (95% ClI) p

stage: pT2N1 0.50
Age: older . <0.01
Grade: higher —_— 0.41
Tumor Site

Lateral e T 0.65

Overlapping/multifocal/unspecified . 0.04
RNI 0.24
ENE:+ —_— 0.90
Ki-67>=35% —_— 035
Lymph node surgical method

SLNB 0.54

Nil 0.58
Homonal receptor status

HER-2+ 0.51

TNB 0.15
Chemotherapy

Anthracycline-taxane based T LR 0.02

Anthracycline or taxane only —_— 0.73

Others 0.25
Hormonal therapy: + 0.85
Target therapy: + 0.28
LVI: + e 0.66
Surgical margin: RO 0.53
Surgical method: Mastectomy 0.80
RT 0.72

001 05 0505 1i 2 5w 90
"~ Better Worse

Fig. 8 The distant metastasis-free survival hazard ratio based on multivariate analyses. ENE = extranodal extension status; HER2 = human epidermal growth
factor receptor 2; LVI = lymphovascular invasion; RO = microscopically margin-negative resection; RNI = regional nodal irradiation; RT = radiotherapy; SLNB =
sentinel lymph node biopsy; TNB = Triple-negative breast cancer.

13.

14.

15.

16.

17.

18.

adjuvant breast and bowel project B-18 and B-27. | Clin Oncol
2012;30:3960-6.

Moreno AC, Lin YH, Bedrosian I, Shen Y, Stauder MC, Smith BD, et
al. Use of regional nodal irradiation and its association with survival
for women with high-risk, early stage breast cancer: a national cancer
database analysis. Adv Radiat Oncol 2017;2:291-300.

Overgaard M, Jensen MB, Overgaard ], Hansen PS, Rose C, Andersson
M, et al. Postoperative radiotherapy in high-risk postmenopau-
sal breast-cancer patients given adjuvant tamoxifen: Danish Breast
Cancer Cooperative Group DBCG 82c¢ randomized trial. Lancet
1999;353:1641-8.

Kim K, Jung J, Kim H, Jung W, Shin KH, Chang JH, et al. Postmastectomy
radiation therapy for node-negative breast cancer of Scm or larger
tumors: a multicenter retrospective analysis (KROG 20-03). Cancer Res
Treat 2022;54:497-504.

McGale P, Taylor C, Correa C, Cutter D, Duane F, Ewertz M, et al; EBCTCG
(Early Breast Cancer Trialists' Collaborative Group). Effect of radiotherapy
after mastectomy and axillary surgery on 10-year recurrence and 20-year
breast cancer mortality: meta-analysis of individual patient data for 8135
women in 22 randomized trials. Lancet 2014;383:2127-35.

Whelan TJ, Julian J, Wright J, Jadad AR, Levine ML. Does locoregional
radiation therapy improve survival in breast cancer? A meta-analysis. |
Clin Oncol 2000;18:1220-9.

Bartelink H, Horiot JC, Poortmans PM, Struikmans H, Van den Bogaert
W, Fourquet A, et al. Impact of a higher radiation dose on local control
and survival in breast-conserving therapy of early breast cancer: 10-year
results of the randomized boost versus no boost EORTC 22881-10882
trial. | Clin Oncol 2007;25:3259-65.

www.ejcma.org

‘ ‘ CA9_V87N2_Text.indb 211

20.

21.

22.

23.

24.

25.

26.

. Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, McGuire WL.

Human breast cancer: correlation of relapse and survival with amplifica-
tion of the HER-2/neu oncogene. Science 1987;235:177-82.

Dent R, Trudeau M, Pritchard KI, Hanna WM, Kahn HK, Sawka CA, et
al. Triple-negative breast cancer: clinical features and patterns of recur-
rence. Clin Cancer Res 2007;13:4429-34.

Joensuu H, Kellokumpu-Lehtinen PL, Huovinen R, Jukkola-Vuorinen A,
Tanner M, Kokko R, et al. Adjuvant capecitabine in combination with
docetaxel, epirubicin, and cyclophosphamide for early breast cancer: the
randomized clinical FinXX trial. JAMA Oncol 2017;3:793-800.
Tolaney SM, Barry WT, Dang CT, Yardley DA, Moy B, Marcom PK,
et al. Adjuvant paclitaxel and trastuzumab for node-negative, HER2-
positive breast cancer. N Engl ] Med 2015;372:134-41.

Cameron D, Piccart-Gebhart MJ, Gelber RD, Procter M, Goldhirsch A,
de Azambuja E, et al; Herceptin Adjuvant (HERA) Trial Study Team. 11
years’ follow-up of trastuzumab after adjuvant chemotherapy in HER2-
positive early breast cancer: final analysis of the HERceptin Adjuvant
(HERA) trial. Lancet 2017;389:1195-205.

Rakha EA, El-Sayed ME, Lee AH, Elston CW, Grainge MJ, Hodi Z, et
al. Prognostic significance of Nottingham histologic grade in invasive
breast carcinoma. | Clin Oncol 2008;26:3153-8.

Rakha EA, El-Sayed ME, Menon S, Green AR, Lee AH, Ellis IO.
Histologic grading is an independent prognostic factor in invasive lobu-
lar carcinoma of the breast. Breast Cancer Res Treat 2008;111:121-7.
Kurth T, Walker AM, Glynn R], Chan KA, Gaziano JM, Berger K, et al.
Results of multivariable logistic regression, propensity matching, pro-
pensity adjustment, and propensity-based weighting under conditions of
nonuniform effect. Am | Epidemiol 2006;163:262-70.

211

31-Jan-24 16:28:10 ‘ ‘



