Cancer Biol Med 2018. doi: 10.20892/j.issn.2095-3941.2018.0023

ORIGINAL ARTICLE

OPEN 8ACCESS

Analysis of factors related to non-sentinel lymph node
metastasis in 296 sentinel lymph node-positive Chinese
breast cancer patients

Amina Maimaitiailil, Di Wul, Zhenyu Liul, Haimeng Liul, Xiamusiye Muyiduli2, Zhimin Fan?
1Department of Breast Surgery, The First Hospital of Jilin University, Changchun 130021, China; 2Department of
Epidemiology & Health Statistics, School of Public Health, School of Medicine, Zhejiang University, Hangzhou 310058, China

ABSTRACT
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Objective: Axillary lymph node dissection (ALND) may be unnecessary in 20%-60% of breast cancer patients with sentinel lymph
node (NSLN) metastasis. The aim of the present study was to review the medical records of Chinese patients with early-stage
breast cancer and positive NSLN metastasis to identify clinicopathological characteristics as risk factors for non-NSLN metastasis.
Methods: The medical records of 2008 early-stage breast cancer patients who received intraoperative sentinel lymph node biopsy
(SLNB) between 2006 and 2016 were retrospectively reviewed. These patients were clinically and radiologically lymph node-
negative and had no prior history of receiving neoadjuvant chemotherapy or endocrinotherapy. The clinicopathological
characteristics of patients with positive NSLN metastasis who underwent ALND were investigated.

Results: In the present study, 296 patients with positive NSLN metastases underwent ALND. Positive non-NSLN metastases were
confirmed in 95 patients (32.1%). On univariate analysis, > 3 positive NSLN metastases (P <0.01), NSLN macrometastases (P =
0.023), and lymphovascular invasion (P = 0.04) were associated with non-NSLN metastasis (P <0.05). In multivariate analysis, the
number of positive SLNs was the most significant predictor of non-SLN metastasis. For patients with 0, 1, 2, or 3 associated risk
factors, the non-SLN metastatic rates were 11.5%, 22.5%, 35.2%, and 73.1%, respectively.

Conclusions: The number of positive NSLNs, NSLN macrometastases, and lymphovascular invasion were correlated with non-
SLN metastasis. The number of positive SLNs was an independent predictor for non-NSLN metastasis. When 2 or 3 risk factors
were present in one patient, the probability of non-NSLN was higher than that in the American College of Surgeons Oncology
Group Z0011 trial (27.3%); thus, avoiding ALND should be considered carefully.

Breast cancer; sentinel lymph node metastasis; axillary lymph node dissection; non-sentinel lymph node metastasis

Introduction

Completion axillary lymph node dissection (ALND) is
often performed in patients with NSLN metastasis?.

Breast cancer is the most common cancer diagnosed in
women. In the Asia-Pacific region, breast cancer accounts for
15.1% of cancer diagnoses and 6.9% of cancer-related
mortality in women!. Early-stage operable breast cancer that
is clinically node-negative is usually treated surgically with
breast-conserving surgery or mastectomy, accompanied by
the removal and biopsy of one or more sentinel lymph nodes
(NSLNs), and the choice of further locoregional treatment, as
well as systematic adjuvant therapy guided by sentinel lymph
node biopsy (SLNB).
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However, the optimal management of breast cancer patients
with positive NSLN metastasis remains controversial, since
20%—-60% of breast cancer patients with NSLN metastasis do
not have further involvement of the axillary lymph nodes3-.
For these patients, undergoing ALND has no therapeutic
benefit, provides little prognostic information, and can be
associated with unnecessary postoperative arm morbidity,
such as lymphedema, restriction of shoulder joint motions,
seroma formation in the armpit, and numbness.

The American Society of Clinical Oncology (ASCO)
guidelines® indicate that ALND is not recommended for
patients who undergo breast-conserving surgery with total
breast radiation therapy and have 1-2 NSLNs containing
metastases. In China, because the rate of administering
breast-conserving therapy remains low, at approximately
20%7, the application of ASCO guidelines for avoiding
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ALND in patients with positive SLNs remains challenging.

Therefore, predicting non-NSLN metastasis has become
significantly necessary to screen out extremely low-risk or
high-risk patients. The aim of the present study was to
retrospectively analyze the medical records of Chinese
patients with early-stage breast cancer and positive NSLN
metastasis to identify clinicopathological characteristics as
risk factors for non-NSLN metastasis.

Materials and methods
Patients

The medical records of early-stage breast cancer patients
treated at the First Hospital of Jilin University between
January 2006 and December 2016 were retrospectively
reviewed. This study was approved by the Ethics Committee
of The First Hospital of Jilin University. The inclusion
criteria were (1) early-stage breast cancer diagnosed based on
preoperative core needle biopsy or intraoperative frozen
section analysis, (2) clinically and radiologically lymph node-
negative, (3) no prior use of neoadjuvant chemotherapy or
endocrinotherapy, and (4) successful SLNB. NSLN-positive
patients who did not undergo ALND were excluded.
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SLNB was successfully performed in 2008 patients, and
positive SLNs were identified in 376 patients (Figure 1). A
total of 296 patients who met the inclusion and exclusion
criteria were enrolled in our study. Among these 296 patients,
249 patients had NSLN macrometastases, 45 patients had
NSLN micrometastases, and 2 patients had isolated tumor
cells (ITCs) in SLNs. A total of 80 patients with positive
NSLNs did not undergo ALND. Among these patients, 8
patients had NSLN macrometastases, 43 patients had NSLN
micrometastases, and 29 patients had ITCs in NSLNs. The
numbers of NSLN and non-NSLN metastases detected or
tumor involved are displayed in Table 1.

The demographic and clinical characteristics of patients in
the study group were recorded, including gender, age,
location of the primary mass, multifocal or multicentric
disease, tumor size, molecular classification [luminal A,
luminal B, triple-negative, or human epidermal receptor-2
(HER-2)-positive; these were according to estrogen receptor
(ER), progesterone receptor (PR), and HER-2 statuses, and
the Ki-67 index], histologic grade, clinicopathologic index,
lymphovascular invasion, operative procedure, tracer
technique, number of SLNs, number of positive NSLNs, and
type of NSLN metastasis. All patients included in the study
underwent systematic adjuvant therapy, according to
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Figure 1 Schematic representation of nodal status. NSLN transfer ratio: number of NSLN involved/number of NSLN detected.
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Table 1 Numbers of NSLN and non-NSLN metastases detected
or tumor involved

Characteristics Number of lymph nodes

Detected SLN

Median 3

Range 1-11
Positive SLN

Median 1

Range 1-7

Positive NSLN
Median 2

Range 1-14

National Comprehensive Cancer Network (NCCN) guideline
recommendations. Informed consent was obtained from all
patients.

SLNB

SLNB was performed intraoperatively in patients who
underwent mastectomy or breast-conserving surgery using
one of the following tracer techniques: blue dye, combined
blue  dye-radioactive tracer, or combined blue
dye—fluorescence. These techniques have comparable success
and false-negative rates®. Positive SLNs were examined by
intraoperative frozen section analysis and postoperative
hematoxylin and eosin staining. Immunohistochemistry was
not routinely used for the SLN diagnoses unless it was
required. NSLN metastases were defined as macrometastases
(pN1, metastasis size >2 mm), micrometastases (pNIlmi,
metastasis size from >0.2 mm to <2 mm), or ITCs (pNO[i+],
metastasis size <0.2 mm), according to the American Joint
Committee on Cancer Staging System (7% edition)®.
Additional axillary lymph node (non-NSLN) metastases were
examined by postoperative hematoxylin and eosin staining.

Statistical analysis

Statistical analyses were conducted using SPSS version 19.0
(SPSS Inc., Chicago, IL, USA). Univariate analysis was
performed using the 2 test and Fisher’s exact test.
Multivariate analysis used stepwise logistic regression, and all
variables with a P value <0.05 were included in the univariate
analysis.

Results

Negative non-NSLN metastases were detected in 201 patients

(67.9%, 201/296), while positive non-NSLN metastases were
detected in 95 patients (32.1%, 95/296) (Figure 1).

Results of the univariate analysis of clinicopathological
characteristics that have the potential to predict non-SLN
status are summarized in Table 2. In univariate analysis, >3
positive NSLN metastases (P<0.01), NSLN macrometastases
(P=0.023), and lymphovascular invasion (P=0.04) were
associated with non-SLN metastasis (P<0.05). In multivariate
analysis, the number of positive SLNs was the most
significant predictor of non-NSLN metastasis. The odds
ratios of 1 and 2 positive SLNs vs. >3 positive SLNs were
0.269 [95% confidence interval (CI): 0.079-0.912] and 0.125
(95% CI: 0.031-0.510), respectively.

The proportion of non-NSLN metastases was calculated
respectively when 0, 1, 2, or 3 associated risk factors existed at
the same time in one patient, which is shown in a histogram
(Figure 2). In patients with none of these three risk factors,
the non-NSLN transfer rate was 11.5%; when only 1 risk
factor existed, the non-NSLN transfer rate was 22.5%.
Meanwhile, the probabilities of non-NSLN metastasis were
relatively high when a patient had 2 or all 3 of these risk
factors, which were 35.2% and 73.1%, respectively.

Discussion

Breast cancer treatment is constantly evolving*. The St.
Gallen Consensus Conference on early breast cancer
treatment standards recommended the de-escalation of some
surgical aspects of tumor resection and escalation of adjuvant
systematic therapy'0. It is widely accepted that SLNB can
replace ALND for axillary treatment in patients with negative
lymph nodes because of the equivalent disease-free survival
(DES), overall survival (OS), or loco-regional recurrence
(LRR)!'!. Traditionally, breast cancer patients with positive
SLNs routinely underwent ALND. However, non-SLNs may
only contain metastases in 20%—60% of these patients*>. In
fact, the American College of Surgeons Oncology Group
(ACOSOG) Z0011 trial revealed similar survival rates in
patients with clinical T1-T2 invasive breast cancer and 1 or 2
SLN metastases who were treated with breast conservation
and systemic therapy and underwent SLNB alone vs. ALND
(10-year OS rates were 80.2% vs. 78.2%)12-13. Accordingly, in
the present study, there was no axillary recurrence during the
median 24-month follow-up in 80 patients who met the
ACOSOG Z0011 inclusion criteria and did not undergo
ALND. In the International Breast Cancer Study Group
(IBCSG) 23-01 trial'4, the 5-year DFS was similar in patients
with breast cancer with one or more micrometastatic foci in
SLNs who were treated with breast conservation and systemic
therapy and underwent axillary dissection to that in those
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Table 2 Associations between clinicopathological characteristics and non-SLN metastasis
Clinicopathological characteristics Positive non-SLNs, n (%)  Negative non-SLNs, n Total x? P
Gender - -
Male 0 1 1
Female 95 (32.2) 200 295
Age (years) 0.147 0.702
<50 45 (31.3) 100 145
>50 50 (33.1) 101 151
Mammary gland 0.190 0.663
Left 47 (33.3) 94 141
Right 48 (31.0) 107 155
Location of primary mass 2.739 0.602
Outer upper 42 (37.2) 71 113
Quter under 9 (34.6) 17 26
Upper inner 18 (26.5) 50 68
Lower inner 5(33.3) 10 15
Other 24 (304) 55 79
Multicentric, multifocal 3.842 0.050
Yes 12 (50) 12 24
No 83 (30.5) 189 272
Clinical tumor size 0.528 0.468
T1 52 (30.4) 119 171
>T2 43 (34.4) 82 125
Surgery 0.956 0.328
Mastectomy 81 (33.3) 162 243
Breast conversing surgery 14 (26.4) 39 53
Tracer method 1113 0.573
Blue dye alone 23 (35.4) 42 65
Blue dye + radioisotope 28 (28.0) 72 100
Blue dye + fluorescence 44 (33.6) 87 131
Number of SLN detected 1.917 0.166
1-2 42 (36.8) 72 114
>3 53(29.1) 129 182
Metastatic SLN 20.207 <0.001
1 56 (28.1) 143 199
2 18 (27.3) 48 66
>3 21 (67.7) 10 31

Continued
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Continued
Clinicopathological characteristics Positive non-SLNs, n (%)  Negative non-SLNs, n Total x? P
SLN transfer ratio 0.003 0.957
<50% 46 (31.9) 98 144
>50% 49 (32.2) 103 152
SLN 100% positive 0.963 0.327
Yes 19 (38.0) 31 50
No 76 (30.9) 170 246
SLN transfer size 5.132 0.023
ITC 0(0) 2 2
Micro 8 (17.8) 37 45
Macro 87 (34.9) 162 249
Primary pathological type 0.164 0.686
IDC 90 (324) 188 276
Other 5(27.8) 13 18
Histological grade 1.343 0.719
1 4(25) 12 16
2 68 (34) 132 200
3 20 (30.0) 47 67
Unclear 3(231) 10 13
ER 0.180 0.671
Negative 12 (35.2) 22 34
Positive 83 (31.7) 179 262
PR 0.037 0.847
Negative 18 (31.0) 40 58
Positive 77 (34.9) 161 238
HER-2 0.023 0.988
Negative 72 (32.0) 153 225
Positive 19 (32.8) 39 58
Critical value 4 (30.8) 9 13
Ki-67 0.545 0.761
<14% 29 (29.9) 68 97
>14% 62 (32.8) 127 189
Unclear 4 (40.0) 6 10
Molecular classification 0.406 0.939
Luminal A 22 (29.7) 52 74
Luminal B 57 (32.0) 121 178

Continued
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Continued
Clinicopathological characteristics Positive non-SLNs, n (%)  Negative non-SLNs, n Total x? P
HER-2 5(33.3) 10 15
Triple negative 6 (37.5) 10 16
Unclear or unable to classify 5(38.5) 8 13

Lymph-vascular invasion

No 17 (19.8)
Yes 72 (39.1)
Unclear 6(23.1)

11.146 0.004

69 86
112 184
20 26

SLN transfer ratio: number of SLN involved/number of SLN detected. Macro: macrometastasis; Micro: micrometastasis; ITC: isolated tumor cells.
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Figure 2 Non-SLN rates when there are 0 to 3 risk factors. Risk factors include: (1) number of positive SLN >3; (2) SLN macrometastases;

(3) lymphovascular invasion.

who did not undergo axillary dissection (84.4% vs. 87.8%).
However, all patients in the ACOSOG Z0011 trial underwent
breast-conserving therapy, and the majority of patients in the
IBCSG 23-01 trial had a low disease burden with <2-cm
tumor size, positive ERs, and 1-mm NSLN micrometastases.
Thus, the results of these trials were still not useful in all
patients who were NSLN-positive. These findings highlight
the need to identify factors that predict low-risk positive
non-SLNs in patients with breast cancer and NSLN
metastases!®.

In the present study, 32.1% of patients with early-stage
breast cancer and positive NSLN(s) had non-NSLN
metastasis, and this finding is comparable with that of
previous studies®. Notably, 34.9% of patients with NSLN
macrometastases and 17.8% of patients with NSLN
micrometastases had positive non-SLNs in our data. In a
previous study, 35% of patients with NSLN micrometastases

and 10% of patients with ITCs in NSLNs had positive non-
NSLN metastases!®.

The presence of >3 positive NSLNs conferred a very high
risk in our patients, in which 75%, 27.3%, and 28.5% of
patients with 3, 2, and 1 positive SLNs, respectively, had non-
NSLN metastases. We identified the number of positive
NSLNSs as an independent predictor of non-NSLN metastasis
in multivariate analysis. Lymphovascular invasion was
correlated with non-NSLN involvement in the univariate
analysis, and this was consistent with most other research!7-21.
The metastatic tumor sizes of NSLNs have been reported in
several studies as a characteristic related to non-NSLN
involvement; in our study, we also found that when a
macrometastasis existed, the possibility of further nodal
involvement was doubled. However, neither lymphovascular
invasion nor NSLN metastatic tumor size showed significant
predictive value in multivariate analysis.
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In contrast to the findings in some other studies, in the
present study, the size of the primary tumor, pathological
type, multifocality, ER or PR status, and HER-2 status were
not associated with non-SLN metastasis#22-23, Cancer cell
differentiation levels are associated with non-SLN, according
to some research?#2>. It has been demonstrated that well-
differentiated tumors are less likely to have non-NSLN
metastasis. Besides, some studies have suggested that
molecular subtype classifications of breast cancer are a strong
predictive factor of non-NSLN metastasis, but different
studies have not come to a unified conclusion about which
subtype is more likely to have non-NSLN metastasis?®-28.
However, in the present study, we did not discover statistical
differences between different cancer cell differentiation levels
(histological grade) or biological subtypes with non-NSLN
metastatic rates.

In the NCCN guidelines for breast cancer, ALND is
recommended for patients who do not meet the criteria of
the Z0011 or 23-01 trials?®. However, in China, most NSLN-
positive patients do not meet those criteria because the ratio
of mastectomy is high’. We aimed to predict non-SLN
metastasis effectively, to reduce the overtreatment ratio in
non-SLN-negative patients. As shown in the histogram
(Figure 2), the results of our study can be a helpful reference
for surgeons’ decisions when they prepare to avoid ALND in
patients. When there is 0 or 1 risk factor, alternative
systematic adjuvant therapy may be considered, but further
evaluation of these patients is needed to determine the value
of ALND, while if 2 or especially 3 of those risk factors exist,
exemption of ALND should be considered carefully.

Several nomograms that predict non-NSLN metastasis
have been proposed, including those developed at the
Memorial Sloan Kettering Cancer Center, Tenon Hospital,
Cancer Research UK Cambridge Center, Stanford Cancer
Center The University of Texas MD Anderson Cancer
Center, and Helsinki University Central Hospital30-343,
However, presently available tools that predict non-SLN
involvement in patients with breast cancer and positive SLNs
remain inconsistent, which is possibly due to variations in the
demographics of the patient populations studied and their
locations. More widespread research that involves multiple
centers in different regions of the world may provide a more
comprehensive strategy for predicting non-NSLN metastasis.
We considered that the 10-year data that we analyzed from
breast cancer patients in the Jilin province may contribute to
the formation of a unitive prediction system for non-NSLN
patients nationwide or even worldwide.

The present study has some limitations. First, the majority
of patients with ITCs in NSLNs did not undergo ALND.
Therefore, non-NSLN involvement could not be accurately

evaluated in these patients. Second, the influence of total
tumor burden and pathological tumor stage were not
investigated, although these have been previously identified
as useful predictors of non-NSLN metastasis3>-3.

In conclusion, >3 positive NSLN metastases,NSLN
macrometastases, and lymphovascular invasion were related
to non-NSLN metastasis.
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