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Background: The axillary lymph node status is an important prognostic factor of breast cancer.
This study explores the predictive factors for sentinel lymph node (SLN) metastasis among the
preoperative clinicopathological features, including impaired glucose tolerance (IGT).
Methods: This study comprised patients diagnosed with breast cancer who underwent surgery
at Nagasaki Harbor Medical Center between April 2014 and December 2019. The factors
assessed using univariate and multivariate analyses were the clinicopathological data of these
cancers, including the patient age, gender, menstrual status, breast or ovarian cancer family
history, body mass index, glycosylated hemoglobin, clinical tumor size, nipple-tumor distance
(NTD), tumor histology, histological grade, node status, estrogen receptor, progesterone
receptor, human epidermal growth factor receptor type 2 status, and Ki67 labeling index.
Results: In the cohort of 313 cases, the ratio of SLN metastasis was 17.3%. A univariate
analysis found that the tumor size, NTD, IGT, and clinical tumor stage were associated with
SLN metastasis. In a multivariable analysis, the tumor size, NTD, and IGT were associated
with SLN metastasis. The receiver operating characteristic curve showed a sensitivity and
specificity of 61.1% and 65.6%, respectively, at a cut-off of 1.7 cm for the tumor size (area
under the curve [AUC]: 0.664; 95% confidence interval: 0.592—0.736), and a sensitivity and
specificity of 60.4% and 62.9%, respectively, at a cut-off of 2.0 cm for NTD (AUC: 0.651;
95% confidence interval: 0.571-0.731) to predict the risk of SLN metastasis.

Conclusion: T1 and T2 breast cancer patients with a larger tumor size, tumor located closer
to the nipple, and IGT have a higher risk of SLN metastases than others.

Keywords: breast cancer, sentinel lymph node metastasis, predictive factor, nipple-tumor

distance, impaired glucose tolerance

Introduction

The axillary lymph node (LN) status is an important prognostic factor for predicting
the survival of breast cancer patients. At present, a sentinel lymph node biopsy
(SLNB) is the standard approach for axillary LN staging in clinical node-negative
breast cancer patients and is less invasive than axillary lymph node dissection
(ALND)."? However, an SLNB is not only still invasive, it is also associated with
several postoperative complications, such as lymphedema, sensory loss, and upper
limb pain.** Furthermore, the incidence of SLN metastasis in clinical axillary LN-
negative patients was reported to be 23.0-37.1%,>® and approximately 70-80% of
patients receive excessive invasive axillary surgery. If predictive factors of SLN
metastasis could be identified, we might be able to select candidate patients for an
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SLNB. Previous studies have shown that clinicopathologi-
cal features such as the tumor size, age at the diagnosis,
body mass index (BMI), tumor location, etc., are related to
SLN metastasis.” !

The association between cancer and diabetes has been
reported by the American Diabetes Association and the
American Cancer Society, including the relationship
between diabetes and the cancer morbidity or prognosis,
common risk factors for diabetes and cancer, and molecu-
lar mechanisms linking diabetes and cancer.'*'? Diabetes
is reportedly associated with an increased risk of breast
cancer. However, the association between diabetes and
SLN metastasis has not yet been clarified.

Therefore, the present study explored the predictive fac-
tors of SLN metastasis among preoperative clinicopatholo-
gical features, including impaired glucose tolerance (IGT).

Methods

Patient Selection
We identified breast cancer patients who underwent breast
surgery and an SLNB at Nagasaki Harbor Medical Center
between April 2014 and December 2019. The exclusion cri-
teria were in situ carcinoma, preoperative systemic therapy,
bilateral breast cancer, tumor size larger than 5 cm, male breast
cancer, and patient with a history of treatment for breast cancer.
The clinicopathological data of these cases, including the
patient age, gender, menstrual status, breast or ovarian cancer
family history, body mass index (BMI), glycosylated hemo-
globin (HbAlc), clinical tumor size, nipple-tumor distance
(NTD), tumor histology, histological grade, node status, estro-
gen receptor (ER), progesterone receptor (PgR), human epi-
dermal growth factor receptor type 2 (HER2) status, and Ki67
labeling index, were retrieved from our database and the
patient’s medical records. ER and PgR were considered posi-
tive if there were any instances of positive staining and nega-
tive otherwise; HER2 was considered positive if a value of 3+
was obtained on immunohistochemical staining or a positive
value on fluorescence in situ hybridization.

Definition of IGT

HbA 1c was adopted as a diagnostic test for diabetes mellitus
by the American Diabetes Association in 2010 and by the
World Health Organization in 2011."*'> An HbA l¢ of >6.5%
is recommended as the cut-off point for diagnosing diabetes
in both reports. In the present study, IGT was defined as
HbAlc >6.0% according to our institutional normal range
of HbAlc (4.9-6.0%) using a method certified by the

National Glycohemoglobin Standardization Program. The
patients with a diagnosis of diabetes and/or those with
HbA1c >6.0% were considered to have IGT.

Measurement of NTD

In this study, the NTD (in cm), which was the distance of
the proximal edge of the tumor from the nipple, was
measured using slide calipers at a physical examination.
The data were collected from patient’s medical records.

Statistical methods

All statistical analyses were performed with EZR on
R Commander Version 2.5—1 (Saitama Medical Center, Jichi
Medical University, Saitama, Japan),'® which is a graphical
user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria). The data are presented as the
median (interquartile range) for not normally distributed vari-
ables. Differences in continuous variables between groups
were assessed using the Mann—Whitney U-test for not nor-
mally distributed variables. Differences in categorical vari-
ables between groups were assessed using Fisher’s exact
test. Associations with positive LNs were evaluated using
logistic regression models. A multivariate logistic regression
model was conducted including all variables from the univari-
ate analysis that were related to the SLN status. The cut-off
values, sensitivity, and specificity were determined by the
receiver operating characteristic (ROC) curve method with
the area under the curve (AUC) to estimate the strength of
the relationship between LN metastasis and the clinical
outcomes.

Results

Clinical Characteristics

A total of 454 breast cancer patients who had undergone
breast surgery and an SLNB at Nagasaki Harbor Medical
Center between April 2014 and December 2019 were
considered for the study. Of these, 141 cases were
excluded from this study for the following reasons:
in situ carcinoma (74 cases), preoperative systemic therapy
(46 cases), bilateral breast cancer (11 cases), tumor size
larger than 5 cm (5 cases), male breast cancer (3 cases),
and history of breast cancer (2 cases). Thereafter, 313
cases were enrolled in this study.

All patients were female, with a median age of 63 years
old (range 31-89 years old). A total of 259 patients (82.7%)
were SLN-negative, and 54 (17.3%) were SLN-positive. Of
the 54 SLN-positive patients, 45 underwent both an SLNB
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Table | Clinicopathologic Characteristics and the Comparison of Features Between SLN-Positive and SLN-Negative Cases

Dove

All n=313 SLN P value
Positive n=54 Negative n=259
Age (years) 63.0 (49, 74) 60.5 (49, 73) 63.0 (50, 74) 0.550
BMI 23.26 (20.83, 25.95) 23.97 (20.95, 27.34) 23.14 (20.82, 25.68) 0.145
Tumor size (mm) 14 (10, 19) 18 (13.3-21.8) 13 (9-18) < 0.001
NTD (cm; n=304) 2.7 (1.54) 1.8 (0.5, 3) 3 (1.54.5) < 0.001
Number of SLNs 2(1,2) - - -
Number of SLN-positive cases - I (1,2 - -
Number (%) Number (%) Number (%)

Presentation

Patient awareness 214 (68.4) 37 (68.5) 177 (68.3)

Modality detection 99 (31.6) 17 31.5) 82 (31.7) |
Menstrual status

Premenopausal 87 (27.8) 16 (29.6) 71 (27.4)

Postmenopausal 226 (72.2) 38 (70.4) 188 (72.6) 0.740
IGT N=307 N=51 N=256

Yes 70 (22.8) 18 (35.3) 52 (20.3)

No 237 (77.2) 33 (64.7) 204 (79.7) 0.028
Gravidity and parity

Yes 245 (78.3) 44 (81.5) 201 (77.6)

No 68 (21.7) 10 (18.5) 58 (22.4) 0.591
Family history

Yes 46 (14.7) 5(9.3) 41 (15.8)

No 267 (85.3) 49 (90.7) 218 (84.2) 0.291
Laterality of tumor

Right 145 (46.3) 22 (40.7) 123 (47.5)

Left 168 (53.7) 32 (59.3) 136 (52.5) 0.453
Tumor location

Inner quadrant 113 (36.1) 15 (27.8) 98 (37.8)

Outer quadrant 184 (58.8) 30 (55.6) 154 (59.5)

Middle 16 (5.1) 9 (16.7) 7(27) <0.001
Histopathological type

IDC 261 (83.4) 50 (92.6) 211 (81.5)

ILC 8 (2.6) I (1.9) 7(27)

(Continued)
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Table | (Continued).

All n=313 SLN P value
Positive n=54 Negative n=259

Mucinous carcinoma 20 (6.4) 1 (1.9) 19 (7.4)

Medullary carcinoma 8 (2.6) 1 (1.9) 7 (2.7)

Other 16 (5.1) 1 (1.9) 15 (5.8) 0.430
Histological grade

| 98 (31.3) 11 (20.3) 87 (33.6)

Il 146 (46.6) 31 (57.4) 115 (44.4)

11l 69 (22.0) 12 (22.2) 57 (22.0) 0.122
Estrogen receptor

Positive 278 (88.8) 51 (94.4) 227 (87.6)

Negative 35(11.2) 3(16.7) 32 (12.4) 0.233
Progesterone receptor

Positive 243 (77.6) 45 (83.3) 198 (76.4)

Negative 70 (22.4) 9 (16.7) 61 (23.6) 0.369
HER2

Positive 49 (15.7) 10 (18.5) 39 (I5.1)

Negative 264 (84.3) 44 (81.5) 220 (84.9) 0.538
Ki67

Low index (<20) 178 (56.9) 28 (51.9) 150 (57.9)

High index (220) 135 (43.1) 26 (48.1) 109 (42.1) 0.452
Clinical tumor stage

Tla, TIb 100 (31.9) 8 (14.8) 92 (35.5)

Tlc 149 (47.6) 28 (51.9) 121 (46.7)

T2 64 (20.4) 18 (18.5) 46 (17.8) 0.002

Note: The data are presented as the median (first quartile, third quartile) for not normally distributed variables or the number (percentage) for categorical variables.
Abbreviations: BMI, body mass index; NTD, nipple-tumor distance; SLN, sentinel lymph node; IGT, impaired glucose tolerance; IDC, invasive ductal carcinoma; ILC,

invasive lobular carcinoma; HER2, human epidermal growth factor receptor type 2.

and ALND, and 9 underwent an SLNB without ALND
because of micro-metastasis <2 mm in size.

The clinical and pathologic features of the 313 cases and
comparisons of the SLN-positive and SLN-negative patients
are summarized in Table 1. Our study found that the tumor
size, NTD, IGT, tumor location, and clinical tumor stage
were associated with the presence of SLN metastasis, while
other factors had no relationship with SLN metastasis.

The results of the univariate logistic regression models for
predicting positive LNs are summarized in Table 2. The factors

associated with SLNB positivity on a univariate analysis were
BMI, tumor size, NTD, IGT, and clinical tumor stage.

All features from Table 2 were included in the multi-
variate analysis. Only those features reported in Table 3
were statistically significant in the multivariate model. In
the multivariable analysis, the tumor size, NTD, and IGT
were associated with SLN positivity.

Figure 1A and B show a box plot of the node-negative
and node-positive cases. The median tumor size of the
node-negative cases was 13 mm, compared with 18 mm
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Table 2 Results of a Univariate Analysis for SLN Metastasis Table 2 (Continued).
Predictive Parameters
Odds Rati 95% CI P-val
Odds Ratio | 95% CI P-value s Tato i vae
Age (per 10-year 0.995 0974-1.02 | 0.631 ! 1.0 (reference)
increase) 1l 2.13 1.02-4.48 0.046
BMI (per 5-unit 1.07 1-1.15 0.049 It 1.67 0.688—4.03 0.258
increase)
Estrogen receptor
Tumor size (per |-cm 1.78 1.26-2.52 < 0.001
. Negative 1.0 (reference)
increase)
NTD (per I-cm 0741 0.623-0.881 | < 0.001 Positive 24 0706-8.13 | 0161
increase) Progesterone receptor
Presentation Negative 1.0 (reference)
Patient awareness 1.0 (reference) Positive .54 0.712-3.33 0.272
Modality detection | 1.0l 0.536-1.90 0.979 HER2
Menstrual status Negative 1.0 (reference)
Postmenopausal .0 (reference) Positive 1.28 0.596-2.76 | 0.525
Premenopausal I.110 0.585-2.120 | 0.741 Ki67
IGT Low index (<20) 1.0 (reference)
No 1.0 (reference) High index (220) 1.28 0.71-2.3 0414
Yes 2.140 1.120-4.100 | 0.022 Clinical tumor stage
Gravidity and parity Tla, TIb 1.0 (reference)
No 1.0 (reference) Tle 2.66 l16-6.11 | 0.021
Yes 1.270 0.602-2.680 | 0.531 ™ 45 1.82—11.1 0.001
Family history Abbreviations: SLN, sentinel lymph node; Cl, confidence interval; BMI, body mass
index; NTD, nipple-tumor distance; IGT, impaired glucose tolerance; IDC, invasive
No 1.0 (reference) ductal carcinoma; HER2, human epidermal growth factor receptor type 2.
Yes 0.543 0.204-1.440 | 0221 . N .
in the node-positive cases (p < 0.001). The median NTD
Laterality of tumor for the SLN-negative cases was 3.0 cm, compared with
Left 1.0 (reference) 1.8 cm for the SLN-positive cases (p < 0.001).
Right 0.760 0.419-1.380 | 0.366
Table 3 Results of a Multivariate Analysis for SLN Metastasis
Tumor location _
Predictive Parameters
Inner quadrant 1.0 (reference) Odds Ratio 95% ClI P-value
Outer quadrant 1270 0.652-2490 | 0.480 Tumor size (per 1-cm 1920 1230-3.00 | 0.004
Middle 8.40 2.72-25.9 < 0.001 increase)
Histopathological type NTD (per |-cm increase) | 0.773 0.638-0.937 | 0.009
IDC 1.0 (reference) IGT
Other 0.352 0.121-1.020 | 0.055 No 1.0 (reference)
Histological grade Yes 2.560 1.11-5.88 0.027
X Abbreviations: SLN, sentinel lymph node; Cl, confidence interval; NTD, nipple-
(Continued)

tumor distance; IGT, impaired glucose tolerance.
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A Tumor size (cm)

p<0.001
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Lymph node status

B Distance from nipple (cm)
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Figure | (A and B) Box plot showing the differences in tumor size and distance from the nipple between the node-positive and node-negative cases (P < 0.001 for both).
The bottom and top edges of the box are drawn at the 25th and 75th percentiles, respectively. The center horizontal line is drawn at the 50th percentile (median).
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Figure 2 (A and B) ROC curve analyses for determining the cut-off points of the tumor size and distance from the nipple for the node-positive and node-negative cases. (A)
Tumor size (cut-off=1.7 cm; AUC= 0.664; sensitivity=61.1%; specificity=65.6%) and (B) Distance from the nipple (cut-off=2.0 cm; AUC=0.65I; sensitivity=60.4%;

specificity=62.9%).

The ROC curves corresponding to the tumor size and
NTD are shown in Figure 2A and B, respectively. Regarding
the tumor size, the AUC was 0.664 (95% confidence interval
[CI] = 0.592-0.736), and for a cut-off value of 1.7 cm, the
sensitivity was 61.1%, and the specificity was 65.6%.

Regarding the NTD, the AUC was 0.651 (95% CI=0.571—
0.731), and for a cut-off value of 2.0 cm, the sensitivity was
60.4%, and the specificity was 62.9%.

Among the 54 patients with SLN-positive status, there
were 41 (75.9%) with macro-metastases and 13 (24.1%) with
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micro-metastases. Of the 41 patients with macro-metastases,
all underwent ALND and 15 patients (36.6%) had additional
metastatic lymph nodes on ALND. The median number of
positive LNs was 1 (range 1-13), and the median number of
LNs subjected to ALND was 11 (range 3-24). Of the 13
patients with micro-metastases, 5 (38.5%) underwent
ALND, while 8 (61.5%) did not undergo ALND. All 13
patients with micro-metastases had 1 LN metastasis.

Discussion

The present study determined the value of the clinico-
pathological features of clinical node-negative breast can-
cer for predicting the status of axillary SLN positivity. We
found that the tumor size, distance of the tumor from the
nipple, and IGT were independent predictors of SLN posi-
tivity. The BMI and histological grade did not retain
relevance in a multivariate analysis.

In our series of 313 early breast cancer patients, SLN
metastasis was detected in 17.3%, which was lower than in
previous reports, with an incidence range reported in the
literature of 23.0-37.1%.>® This difference may be due to
the selection of the SLNB. We perform ultrasound (US)-
guided fine-needle-aspiration cytology of LNs in all cases
suspected of ALN metastasis on preoperative US and/or
computed tomography (CT) and perform ALND in cases
with positive cytology results.

The tumor size was shown to be a threshold predictor
of SLN metastasis in this study; 21/191 (11.0%) patients
with tumors <17 mm and 33/122 (24.8%) of those with
tumors >17 mm had SLN metastasis. Previous studies
have also shown that the tumor size is a strong predictor
of SLN and ALN metastasis.” '

It is reasonable to conclude that tumors closer to the rich
plexus of lymphatics in the subareolar locations are likely to
have strong access to the lymphatic network, thereby result-
ing in a greater risk of lymphatic dissemination and conse-
quently ALN metastases.'” Previous studies have shown that
breast cancer located closer to the nipple has a higher inci-
dence of ALN metastasis than that located farther away.>’”
In our study, an NTD of 20 mm was found to be the threshold
value, and 22/180 (12.2%) of patients with an NTD <20 mm
and 31/124 (25.0%) of those with an NTD >20 mm had SLN
metastasis. The NTD was easily measured using slide cali-
pers on a routine physical examination and was found to be
a predictive factor of SLN metastasis.

The American Diabetes Association and American
Cancer Society reported that diabetes is associated with an

12,13

increased risk of breast cancer, while the Japan Diabetes

Society/Japanese Cancer Association Joint Committee have
suggested no increased risk of breast cancer associated with
diabetes in Japanese patients.'® Recently, several studies
reported that type 2 diabetes and impaired glucose metabo-
lism were associated with the prognosis of breast cancer.'® >
In our study, an IGT was associated with SLN metastasis.
Our findings suggest that having IGT may lead to LN pro-
gression despite early breast cancer.

Several limitations associated with the present study war-
rant mention. First, it is a retrospective, single-institution
study with a small sample size; thus, the generalizability of
the findings is limited. This work represents the preliminary
results of a large study. Second, the NTD was measured using
slide calipers on a physical examination, an approach
wherein accurate measurements are difficult to obtain in
cases with poorly defined borders. The breast size was also
not mentioned in this study, even though it might affect the
NTD. However, we did not detect any correlation between
the BMI and nodal status. Third, IGT in this study was not
determined through rigorous tests of IGT or insulin resistance
or a diagnosis of diabetes. However, to our knowledge, our
study is the first to determine IGT as a predictive factor for
evaluating SLN metastasis. Third, we could not evaluate
lymphovascular invasion (LVI), which has been reported as
a predictive factor of node metastasis.>®'%!" In this study, we
performed a preoperative core-needle-biopsy of the tumor,
which has limited ability to assess lymphovascular invasion.

The ALN status is an important prognostic factor for
predicting the survival of breast cancer patients. Recently,
the Z0011 trial and AMAROS trial showed that the ther-
apeutic value of patients with SLN metastasis treated with
an SLNB and radiation therapy was not inferior to that of
patients with SLN metastasis treated with ALND.?° The
treatment strategy and axillary staging methodology of
breast cancer may change in the future.

In conclusion, breast cancer patients with a larger
tumor size, lesion located closer to the nipple, and IGT
have a higher risk of SLN metastases than others. These
results may be used to make decisions in the management
of patients with breast cancer in order to minimize ther-
apeutic and surgical procedures as much as possible.

Ethics Approval and Consent to
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This study was approved by the Institutional Review
Board of Nagasaki Harbor Medical Center (NIRB No.
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