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Background: Due to the low rate of regional recurrence (RR) in early-stage breast cancer
with pT1-2 and negative sentinel lymph node biopsy (SLNB), no regional therapy is
suggested for them. However, whether there is a subset of patients who were with high
risk of regional failure and may benefit from regional treatment is still unknown. The current
study was designed to identify the patients with high risk of RR, thereby providing clues for
enhanced regional therapy.

Methods: We analyzed a total of 1124 breast cancer patients with pT1-2N0 from May 2004
to Dec 2014. All the patients were treated with breast-conservation surgery (BCS) and
adjuvant whole-breast radiotherapy. The regional recurrence-free survival (RRFS), local
regional recurrence-free survival (LRRFS), disease-free survival (DFS) and overall survival
(OS) were assessed by using the Kaplan—-Meier method. Cox proportional hazards regression
was performed to detect factors in predicting the RRFS.

Results: In multivariable analysis, both T stage and molecular type were significant pre-
dictors of RRFS. Patients with T2 stage had a lower RRFS than those with T1stage. Triple-
negative patients were more likely to suffer regional failure than the patients with other
molecular types. The two predictors were then employed to divide all the patients into three
groups based on the risk level of RR. Patients with both T2 and triple-negative molecular
type had the lower RRFS, LRRFS, DFS and OS than the patients with one or no risk factor.
Conclusion: For early-stage breast cancer patients with negative SLNB, those who were
with both T2 stage and triple-negative molecular type had a high rate of RR and enhance
regional therapy may be needed for them.

Keywords: breast cancer, regional recurrence, radiotherapy

Introduction

Breast cancer is one of the most common malignant tumors in women, which
causes approximately 626,679 deaths per year.' Treatment strategy of breast cancer
depends on the tumor stage. In patients with early-stage, breast-conserving surgery
(BCS) followed by postoperative radiotherapy is considered as the standard care.*?
When radiotherapy is used, usually, the radiation filed includes only the whole
breast in T1-2 patients with negative lymph node metastasis excluding the regional
nodal from radiation. In addition, the NCCN guideline also recommends that there
is no need to irradiate the lymphatic drainage area in patients with pT1-2N0.* Thus,
in patients with pT1-2 and negative sentinel lymph node biopsy (SLNB), the
regional nodal area is left “untreated”. However, in the clinical practice, there is
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still a small number of patients who develop regional
recurrence (RR).>”’ Whether there is a subset of these
patients who have high risk of RR and may benefit from
regional therapy such as radiation, is still unknown. Our
current aimed to explore the RR rate in early-stage breast
cancer treated with BCS plus radiotherapy. Furthermore,
we also aimed to identify the subset of patients with a high
risk of regional failure. This study will provide further
evidence for enhanced regional treatment such as radio-
therapy or surgery in patients with high RR rate.

Methods and Materials
Ethics Statement

The research permission from the Institutional Review
Board of Sun Yat-Sen Memorial Hospital was achieved
in this study. Besides, in our hospital, there was no need
for written consent due to the retrospective property. We
confirmed that we have protected the confidentiality of
patients and would not release any private information of
the patients to the public.

Patients

We used a database with medical records of patients trea-
ted at our hospital to obtain the relevant information. We
selected the patients who underwent breast-conserving
surgery between May 2004 and Dec 2014. In addition,
the baseline characteristics such as age, tumor stage,
pathologic reports, adjuvant therapy, and follow-up data
had to be available. Specifically, the selection criteria for
the current study were as follows: (1) pathologically con-
firmed invasive breast cancer with the stage of pT1-2NO;
(2) underwent breast-conserving surgery (all achieved
negative margins); (3) with negative SLNB; (3) received
adjuvant radiotherapy for the whole breast. Patients who
received neoadjuvant chemotherapy or had special patho-
logic types were not included. Furthermore, the patients
who underwent axillary lymph node dissection (ALND)
were also excluded with the aim to minimize the hetero-
geneity in patient selection. Finally, 1124 patients met the
criteria and were included for the present analysis.

Treatment

Breast-conserving surgery was conducted in each patient
and a negative surgical margin proved by pathology was
achieved in all. After the completion of surgery, all
patients underwent adjuvant radiotherapy, for which 6 or
10-MV photons were commonly used to execute the

radiation therapy. Usually, the prescription dose for the
whole breast was 50Gy/25F. When the whole breast
reached the total dose of 50 Gy, a boost of tumor bed
was then performed with a dose ranging from 10 Gy in 5
fractions to 16 Gy in 8 fractions. Radiation filed of the
boost usually included the volume enclosed by surgical
clips which were placed during the operation to identify
the primary tumor position. Postoperative chemotherapy
was administered to 942 patients and the regimens of
chemotherapy were selected according to the NCCN
guideline and the physicians’ decision which was made
based on the general condition of patients and their tumor
stages. A targeted therapy, such as trastuzumab was sug-
gested, especially to the patients with HER2 positive
tumors. In patients with estrogen receptor (ER) and/or
progesterone receptor (PR) positive tumors, endocrine
therapy was also recommended with the aim to improve
the treatment efficacy.

Pathologic Evaluation

Estrogen (ER) and progesterone receptor (PR) statuses
were evaluated using immunohistochemistry (IHC) and
the staining of IHC was read by specialized pathologists.
The definitions of positive of ER and PR status were
according to the well-established cut-off values (1% for
ER and 20% for PR). HER2 positive status was defined as
a staining score over 3. However, if the staining score for
HER2 was 2, fluorescence in situ hybridization was then
performed with HER2 gene amplification considered posi-
tive. Molecular type was assessed according to the St
Gallen International Breast Cancer Conference (2013)
Expert Panel. All the patients were divided into four
groups as luminal A, luminal B, HER2-enriched and tri-
ple-negative breast cancer.

Follow-Up Evaluation

After the completion of treatment, the patients were sug-
gested to be evaluated every 3 months for the first 2 years.
Then, the time interval between two visits could be
extended to 6 months in the following 3 years. After the
patients have been followed up for 5 years, they could just
visit the physician annually. Routine evaluations included
blood tests, physical examinations and color doppler ultra-
sonography. Mammography and computed tomography
were generally performed annually. Once recurrent signs
were found in a patient, the biopsy was further performed
to confirm that. Regional recurrence (RR) was defined as
recurrence occurred only in lymphatic drainage areas
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which included the axillary, internal mammary, infraclavi-
cular and supraclavicular lymph nodes. Loco-regional
recurrence was defined as recurrence developed in ipsilat-
eral breast or regional lymphatic drainage areas.

Statistical Analysis

We performed all the statistical analyses by using SPSS
software, version 19.0. The chi-square test or Fisher’s
exact test was used for analyzing categorical variables.
Continuous variables were analyzed using the Student’s
t-test or the Mann—Whitney U-test. The cox proportional
hazards regression was employed to perform the multi-
variate analysis. All the possible clinical factors were
included in the cox proportional hazards model by using
a forward conditional selection of variables. In addition,
the survival analysis was done by using the Kaplan—Meier
method and the difference between the patient group was
compared using the log rank test. In our study, the primary
endpoint was regional recurrence-free survival (RRFS).
And the secondary endpoints were loco-regional recur-
rence free survival (LRRFS), disease-free survival (DFS)
and overall survival (OS). P <0.05 was considered to
indicate statistically significance.

Results

Clinical Characteristics

In total, 1124 patients were enrolled in the present study.
There were 505 (44.9%) patients who were younger than
45 years and the other 619 (55.1%) patients were older
than 45 years. T1 stage was diagnosed in 796 patients and
the other 328 patients had T2 stage. In all of the included
patients, the molecular subtype of luminal-A, luminal-B,
HER2-enriched and triple-negative breast cancer were 685
(60.9%), 190 (16.9%), 84 (7.5%) and 165 (14.7%), respec-
tively. Lymphovascular invasion (LVI) was detected in
120 (10.6%) patients. Most patients received chemother-
apy, but 182 (16.2%) did not. Endocrine therapy was
administered to 773 patients and the other 351 failed to
receive it due to some reasons such as no indication or
refusal (Table 1).

Regional Control and Survival Analysis in
All Patients

During the follow-up, there were 54 patients who died and
the 10-year OS rate for the whole group was 92.5%.
Recurrence was found in 94 patients, with 10-year DFS
rates of 88.9%. Among patients with recurrence, 34 patients

Table | Baseline Characteristics of the Patients

Variables Number Percent (%)
Age, year

<45 505 44.9%

>45 619 55.1%
Histologic type

Invasive ductal carcinoma 998 88.8%

Invasive lobular carcinoma 34 3.0%

Invasive papillary carcinoma 37 3.2%

Mucinous adenocarcinoma 55 5.0%
pT stage

Tl 796 70.8%

T2 328 29.2%
ER status

Positive 868 77.2%

Negative 256 22.8%
PR status

Positive 807 71.8%

Negative 317 28.2%
Her?2 status

Positive 173 15.4%

Negative 951 84.6%
Molecular type

Luminal A 685 60.9%

Luminal B 190 16.9%

Her2-enriched 84 7.5%

Triple negative 165 14.7%
LvI

Yes 120 10.7%

No 1004 89.3%
Chemotherapy

Yes 942 83.8%

No 182 16.2%
Endocrine therapy

Yes 773 68.8%

No 351 31.2%

Abbreviation: LVI, lymphovascular invasion.

developed local-regional recurrence and 41 patients pre-
sented with only distant metastasis. Additionally, 19 patients
developed both local-regional and distant failures. RR was
found in 18 patients and the sites of regional failure were
supraclavicular and axillary areas. In detail, 3 patients were
with supraclavicular region recurrence, 14 recurred within
the area of axillary lymphatic drainage and 1 suffered both
supraclavicular and axillary recurrence. The 10-year RR rate
was 2.4% for all the patients.
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Clinical Predictors for Regional

Recurrence in the Whole Group

In univariate analysis, tumor stage and molecular type
could predict the RR (Table 2). The other factors such as
age, tumor grade, LVI, adjuvant chemotherapy and endo-
crine therapy were not significantly associated with RRFS.
Multivariable analysis was further performed and the
results showed that both the tumor stage and molecular
type were still independent predictors of RRFS (Table 2).
Thereby, T2 patients had a 4.5-fold risk to develop RR
compared to those with Tlstage. Furthermore, triple-
negative patients also had a higher tendency to suffer
regional failure than those with other molecular types.

Subgroup Analysis Based on Factor of
T Stage

Based on the results of multivariable analysis, we further
analyze the survival data in different subgroup. In patients
with T1 stage, there were 45 patients who recurred.
Fourteen patients recurred only local-regionally and 24
patients developed only distant metastasis. Seven patients
experienced both local-regional and distant failures. RR
was found in six cases. The 10-year RRFS, LRRFS, and
DFS rates were 99.16%, 96.40% and 92.64%, respectively.
In patients with T2 stage, 49 patients developed recur-
rence. Isolated local-regional recurrence was observed in

20 patients and isolated distant metastasis was found in 17
patients. There were 12 patients who developed both local-
regional and distant failures. RR was observed in 12
patients. The 10-year RRFS, LRRFS and DFS rates were
93.51%, 85.77% and 79.36%, respectively. Compared to
patients with T1 stage, those with T2 tumors acquired
a poorer RRFS, LRRFR and DFS (Table 3 and Figure 1).

Subgroup Analysis Based on Factor of
Molecular Type

In patients with triple-negative molecular type, seven
patients developed RR. As for patients with non-triple-
negative molecular type, there were 11 patients who showed
with RR. The 10-year RRFS for the two groups were 94.87%
and 98.07%, respectively. Triple-negative patients had
a significantly poorer RRFS than those with other molecular
types. Furthermore, the patients in the triple-negative group
also had a lower LRRFS, DFS and OS than those in the non-
triple-negative group (Table 4 and Figure 2).

Combined Analysis with T Stage and
Molecular Type in Defining Risk Group

for Regional Recurrence

We adopted the two risk factors to divide all the patients into
three groups based on the risk level of RR. The high-risk group
included patients with both T2 stage and triple-negative

Table 2 Univariate and Multivariate Analyses of Regional Recurrence

Variables Univariate Analysis Multivariate Analysis
HR (95% CI) p value HR (95% CI) p value

T stage

Tl (n=796) vs T2 (n=328) 0.20 (0.07-0.53) 0.001 0.22 (0.08-0.60) 0.003
Tumor grade

I-I (n=635) vs Ill (n=489) 0.92 (0.36-2.33) 0.862
LVI

No (n=1004) vs yes (n=120) 0.47 (0.14-1.64) 0.238
Molecular type

Triple-negative (n=166) vs non-triple-negative (n=958) 3.83 (1.49-9.89) 0.005 3.32 (1.21-8.16) 0.019
Age

<45 (n=505) vs >45 (n=619) 1.89 (0.73-4.87) 0.189
Chemotherapy

No (n=182) vs Yes (n=942) 1.86 (0.61-5.70) 0.278
Endocrine therapy

No (n=35I) vs Yes (n=773) 1.81 (0.71-4.59) 0.212

Abbreviations: Cl, confidence interval; HR, hazard ratio; LVI, lymphovascular invasion.
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Table 3 Subgroup Analysis Based on T Stage

Group | pTIl Subgroup pT2 Subgroup P value
(N=796) (N=328)
5-Year 10-Year 5-Year 10-Year
RRFS 99.16% 99.16% 97.17% 93.51% <0.001
LRRFS | 97.71% 96.40% 92.21% 85.77% <0.001
DFS 94.68% 92.64% 88.11% 79.36% <0.001
oS 97.60% 93.41% 95.88% 90.28% 0.033

Abbreviations: RRFS, regional recurrence-free survival; LRRFS, local regional
recurrence-free survival; DFS, disease-free survival; OS, overall survival.

molecular type. Patients with either T2 or triple-negative type
were in the intermediate-risk group. Low-risk patients were
those with both T1 stage and non-triple-negative molecular
type. Survival data were analyzed and the RRFS for the high-,
intermediate-, and low-risk groups were 92.35%, 95.01% and
99.50%, respectively. There was a significant difference in
RRFS between the three groups (P<0.001). Furthermore, the
LRFS, DFS and OS in the high-risk groups were also found to
be lower than that in the intermediate and low-risk groups
(Table 5 and Figure 3).
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Discussion

The primary goal of the current study was to evaluate the RR
rate in early-stage breast cancer patients. Our results showed
a 10-year RR rate of 2.4% with a 10-year DFS of 88.9%,
which was consistent with previously published studies.>
As we know, for early-stage breast cancer with pT1-2N0, the
radiation field suggested by NCCN guideline includes only
the whole breast, while it is not essential to irradiate the
regional nodal area.” Thus, regional area was left “untreated”
in patients with negative SLNB and no further ALND.
However, we were still not sure whether there was a subset
of patients who may need regional treatment such as radio-
therapy due to their high risk of RR. To address this clinical
problem, we firstly explored which clinical factors were
significantly associated with RR. The results showed that
pT stage and molecular type of the tumor were significant
predictors of RR. Compared to patients with T1 stage, those
with T2 stage suffered a 4.5-fold risk of RR. In addition,
triple-negative patients were also more likely to develop RR
than those with other molecular types. We then used the two
factors of T stage and molecular type to divide all the patients
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Figure | The survival analysis based on T stage. (A) regional recurrence free-survival (RRFS); (B) local regional recurrence-free survival (LRRFS); (C) disease-free survival
(DFS); (D) overall survival (OS). Patients with T stage had a significantly higher RRFS, LRRFS, DFS and OS than patients with T2 stage (P<0.05).
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Table 4 Subgroup Analysis Based on Molecular Subtype

Group | Triple-Negative Non-Triple- P value

Subgroup (N=166) | Negative Subgroup

(N=958)

5-Year 10-Year | 5-Year 10-Year
RRFS 95.78% 94.87% 99.05% 98.07% 0.003
LRRFS | 92.09% 89.92% 96.79% 94.00% 0.011
DFS 87.36% 84.39% 93.69% 89.66% 0.004
(6N 92.42% 88.25% 97.91% 93.26% 0.002

Abbreviations: RRFS, regional recurrence-free survival; LRRFS, local regional
recurrence-free survival; DFS, disease-free survival; OS, overall survival.

into three groups based on different risk level of RR. We
found that patients with both T2 stage and triple-negative
molecular type had the higher risk of RR than those with only
one risk factor or no risk factor. Furthermore, the patients in
the high-risk group also presented with a poorer DFS and OS
than those in the low- or medium-risk groups. Thereby, we
suggested that enhanced regional treatment may be needed
for triple-negative breast cancer with T2 stage.

Several studies have investigated the problem of regional
nodal failure in breast cancer patients.” For example, Grills
et al performed a study that included 1500 cases of Stage I-1I
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breast cancer treated with breast-conserving therapy. They
reported that the 5- and 10-year rate for RR was 1.9% and
2.8%, respectively, which was slightly higher than that
reported by us. The reason for this discrepancy was that
Grills et al had enrolled the patients with positive lymph
node metastasis. Their data also indicated that regional radia-
tion was useful for patients with more than three positive
lymph nodes because it significantly reduced the rate of RR.”
In another study reported by Wo et al, 1000 patients were
retrospectively analyzed and there were only 6 patients who
have developed isolated RR.” They also found that tumor
biological subtype was associated with higher RR rate, which
was in line with our findings. Recently, a large population-
based study by van Steenhoven et al'® assessed early-stage
(NO) breast cancer patients and found that the use of whole-
breast radiotherapy was associated with a lower risk of RR,
while the younger age, larger tumor size, and higher grade
were associated with higher RR rate. Their results were
partly consistent with our findings and we also found that
patients with large tumors were more likely to develop RR
than those with small tumors. Although our study shared
several common points with the study of van Steenhoven
et al, there were significant differences between the two.
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Figure 2 The survival analysis based on molecular subtype. (A) regional recurrence free-survival (RRFS); (B) local regional recurrence-free survival (LRRFS); (C) disease-
free survival (DFS); (D) overall survival (OS). Patients with triple-negative molecular type had a significantly lower RRFS, LRRFS, DFS and OS than patients with other

molecular types (P<0.05).
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Table 5 Combined Analysis of Molecular Subtype and pT Stage
Group High-Risk Group (N=70) Intermediate-Risk Group (N=354) Low-Risk Group (N=700) P value
5-Year 10-Year 5-Year 10-Year 5-Year 10-Year
RRFS 94.66% 92.35% 97.50% 95.01% 99.50% 99.50% <0.001
LRRFS 88.74% 82.80% 93.48% 89.21% 98.14% 96.62% <0.001
DFS 83.31% 75.16% 89.64% 83.84% 95.27% 92.87% <0.001
oS 92.86% 83.48% 95.45% 92.01% 98.36% 93.66% 0.001

Abbreviations: RRFS, regional recurrence-free survival; LRRFS, local regional recurrence-free survival; DFS, disease-free survival; OS, overall survival.

First, the patients enrolled in our study were all staged as
pT1-2NO and were treated with BCS followed by whole-
breast radiation. There was a portion of patients who received
mastectomy in the study of van Steenhoven et al and that may
partly explain the different findings between the two studies.
Secondly, the goal of our study was to identify the patients
who were with a high risk of RR, thereby suggesting that
enhanced regional therapy such as radiotherapy may be
needed for these patients.

There was another study which was performed by Hirata
who reported the RR rate in patients treated by breast-
conserving surgery without regional radiotherapy.'' All of

the included patients were with positive lymph nodes and the
5- and 10-year RRFS rates were 97.4% and 93.7%, respec-
tively. The patients in our study also did not receive regional
radiotherapy. However, we noticed that the RRFS rate in the
high-risk groups (92.35%) was slightly lower than that
reported by Hirata et al. This may partly have indicated
that, in patients with NO, there was still a subset of patients
who suffered higher RR rate than patients with positive
lymph nodes. Our study has identified two independent risk
factors associated with RR and we found that patients with
both the two risk factors showed a significantly higher pro-
pensity to suffer RR than those with no risk factors. Perhaps,
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Figure 3 The survival analysis based on risk level of RR. (A) regional recurrence free-survival (RRFS); (B) local regional recurrence-free survival (LRRFS); (C) disease-free
survival (DFS); (D) overall survival (OS). Patients in the high-risk group had poorer RRFS, LRRFS, DFS and OS than patients in the intermediate and low-risk groups (P<0.05).
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enhanced regional therapy such as radiotherapy could be
selectively given to these patients.

Indeed, regional nodal irradiation has been found to
improve DFS in patients with early-stage breast cancer.
Data from a large randomized controlled trial showed that
patients who received regional radiation had better DFS
than those who did not.'? Similar conclusions were also
drawn in the trial of DBCG 82 b and ¢ which enrolled
early-stage breast cancer patients and showed that regional
increased DFS."

Although the two trials have included patients with posi-

radiotherapy was associated with
tive lymph nodes in the analysis, it may be reasonable to
suppose that patients in the high-risk group defined in our
study may also benefit from regional radiation due to their
relatively high rate of RR. A large clinical trial may be
needed to evaluate the efficacy of regional radiotherapy in
pT1-2NO patients with high risk of RR.

Our study also demonstrated that molecular and tumor
stage were independent predictors of poor LRRFS and DFS,
which was in line with other studies.'*'® It has been reported
that triple-negative patients had a significantly higher rate of
LRR than with  other types.'+ 1
Additionally, large tumor size was also found to be asso-

those molecular
ciated with impaired tumor prognosis.'”'® In our current
study, by combining tumor size and molecular type in the
analysis, we have defined a subgroup of patients who were
with high risk of regional recurrence in early-stage breast
cancer with negative SLNB. And the rate of RR for high-risk
patients was 7.7%, which was higher than those with only
one or no risk factor. Since no regional therapy was adminis-
tered to patients with negative SLNB, those with both large
tumor size and triple-negative molecular type may benefit
from additional regional therapy or enhanced observation of
regional lymphatic drainage areas. However, a large clinical
trial was still warranted to confirm our finding. Besides, large
tumor size combined by triple-negative molecular type also
indicated a poor prognosis. We noted that patients with both
triple-negative molecular type and T2 stage had the worst
DEFS and OS as well.

This study has several limitations. First, it was
a retrospective design study and we could not exclude
the possibility of the selection bias. Second, since we
have divided the patients into three groups based on the
risk factors of RR and the sample size may have been
small in some subgroups. However, our study is the first
one to identify the patients with high risk of RR in the
early-stage breast cancer with negative SLNB and this

study will help the physicians to make the tailored regional
treatment for these patients.

Conclusion

In conclusion, among the patients with T1-2 stage and
negative SLNB, those with both triple-negative molecular
type and T2 tumor displayed a relatively high RR rate. We
suggest that enhanced regional therapy may be needed for
these patients. However, a large clinical trial is warranted
to confirm our hypothesis.
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