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Purpose: Breast cancer subtype correlates with response to sys-
temic therapy and overall survival (OS), but its impact on lym-
phatic spread is incompletely understood. In this study, we used
the Surveillance, Epidemiology, and End Results registry to as-
sess whether the subtype can predict the presence of nodal me-
tastasis or advanced nodal stage in breast cancer. Methods: A
total of 7,274 eligible patients diagnosed with T1-3 infiltrating
ductal carcinoma with known estrogen or progesterone hor-
mone receptor (HR) and human epidermal growth factor recep-
tor 2 (HER2) status, who underwent surgical excision of the pri-
mary tumor and pathologic lymph node evaluation, were includ-
ed in this analysis. Patients were categorized into four breast
cancer subtypes: HR+/HER2-; HR+/HER2+; HR-/HER2+; and
HR-/HER2-. Binary logistic regression analysis was used to de-
termine whether breast cancer subtype, tumor size, tumor
grade, patient race, and patient age at diagnosis are indepen-
dently predictive of lymph node positivity or advanced nodal
stage. The Pearson chi-square test was used to determine
whether progesterone receptor (PR) status had an impact on the

incidence of lymph node positivity in estrogen receptor (ER)
positive patients. Results: Independent predictors of nodal posi-
tivity included breast cancer subtype (p=0.040), tumor size
(p<0.001), tumor grade (p<0.001), and patient age (p<0.001),
whereas only tumor size (p<0.001), grade (p=0.001), and pa-
tient age (p=0.005) predicted advanced nodal stage. Triple-neg-
ative cancers had a significantly lower risk of nodal positivity
than the HR+/HER2- subtype (odds ratio, 0.686; p=0.004), but
no other significant differences between subtypes were ob-
served. There was also no difference in lymph node positivity
between PR+ and PR- tumors amongst ER+/HER2- (p=0.228)
or ER+/HER2+ tumors (p=0.713). Conclusion: The HR+/HER2-
breast cancer subtype has a higher rate of lymph node involve-
ment at diagnosis than the triple-negative subtype. These find-
ings may play a role in guiding regional management consider-
ations if confirmed in further studies.
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INTRODUCTION

The identification of distinct molecular subtypes of breast
cancer has led to an increased understanding of the hetero-
geneity of the disease [1-3], as these subtypes have been shown
to correlate with response to systemic therapy [4,5] and overall
survival (OS) [6-8]. The impact of subtype on lymphatic
spread and locoregional recurrence, however, is not as well de-
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fined. For instance, several studies have reported conflicting
results regarding the impact of subtype on the probability of
nodal metastasis, and even those studies showing a correlation
disagree over which subtypes carry the greatest risk [9-13].
Similarly, while most studies have shown that the human epi-
dermal growth factor receptor 2 (HER2) and basal subtypes
have higher locoregional recurrence rates following breast
conservation therapy [14-17], it remains unclear which sub-
type is most likely to benefit from postmastectomy radiation
therapy [18-20].

At present, there is a great deal of controversy regarding
management of the axillary and regional lymph nodes in
breast cancer patients, in relation to both the role of axillary
lymph node dissection and regional nodal irradiation after
breast-conserving surgery or mastectomy [21-24]. In this epi-
demiologic study, we used the Surveillance, Epidemiology,
and End Results (SEER) registry to assess whether breast can-
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cer subtype independently predicts the presence of nodal me-
tastasis and advanced nodal stage, and also determined which
patient- and tumor-related risk factors for lymphatic spread
might be used to better guide locoregional management deci-
sions.

METHODS

The SEER registry of the National Cancer Institute is a com-
prehensive source of population-based information for all
newly diagnosed cancer patients residing in areas in the United
States that participate in the SEER program. In this study we
identified all patients from the SEER registry with a newly di-
agnosed American Joint Committee on Cancer (AJCC) seventh
edition [25] stage T'1-3 infiltrating ductal carcinoma or mixed
infiltrating ductal carcinoma with another breast cancer his-
tology (SEER codes 8521-3/3) with known hormone receptor
(HR) and HER?2 expression status who underwent lumpecto-
my or mastectomy including surgical excision of at least one
lymph node. Since HER2 status has only been a required data
element since 2010, only patients from 2010 to 2011 were in-
cluded in this analysis.

Clinical information retrieved from the SEER registry in-
cluded estrogen receptor (ER), progesterone receptor (PR),
and HER2 expression status; breast cancer subtype; patient
age at diagnosis and race; primary tumor size and grade;
number of lymph nodes dissected; number of positive lymph
nodes; and AJCC N-stage. ER, PR, and HER?2 status were
classified in the SEER registry according to immunohisto-
chemistry (IHC) as well as fluorescence in situ hybridization
(FISH) testing for HER2. Reporting the results of multigene
assays such as Oncotype DX™ in place of IHC was discour-
aged. Tumors were classified as ER+ or PR+ when 1% or
more of the cells stained positive, although no additional in-
formation was available on the degree of ER or PR positivity.
HER2 IHC was coded with the standard 0-3+ scoring system
and considered borderline for 2+ IHC with an equivocal FISH
result. Breast cancer subtype is classified in the SEER registry
into four mutually exclusive categories: HR+/HER2—; HR+/
HER2+; HR-/HER2+; and HR-/HER2- (triple-negative)
[26]. HR+ was defined as either ER+ or PR+ or borderline,
whereas HR— was defined as both ER— and PR~-. Patients
with borderline HER2 status were treated as having unknown
HER?2 status and breast cancer subtype. The rationale for clas-
sifying borderline ER and PR status as HR+ has been de-
scribed previously [26]. It should be noted that because the
SEER registry lacks information on Ki-67 and the degree of
ER/PR expression, the subtype classification reported by the
SEER registry and used in the present study should be consid-
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ered only an estimation of molecular subtype (e.g., luminal A,
luminal B, HER2-overexpressing), albeit an estimation that
has frequently been utilized in previous studies [7-10,12,
13,15,17-20].

Patients were excluded from analysis if the primary tumor
size or extent of invasion was unknown, if the primary tumor
invaded the subcutaneous tissue or was attached/fixated to
pectoral muscle(s) or underlying tissue, if they were classified
as having stage T4 or M1 disease at diagnosis, if they did not
have any pathologic lymph node evaluation, if lymph node pa-
thology was unknown, or if they underwent any neoadjuvant
therapy prior to surgery. Patients with AJCC nodal stage desig-
nation NO(i+) were considered NO for analysis. Of note, the
SEER registry does not distinguish which patients underwent
sentinel lymph node biopsy. However, we did exclude all pa-
tients who underwent less than an excisional biopsy (e.g., core
biopsy or fine-needle aspiration) of lymph node(s) in order to
minimize false negative pathologic findings. Other noteworthy
pathologic information that is not readily accessible in the
SEER registry includes the presence of lymphovascular space
invasion, perineural invasion, or extranodal extension.

Descriptive statistics were used to report patient demo-
graphics and disease characteristics. The chi-square test was
used to determine the impact of PR status on the incidence of
lymph node metastasis among ER-positive patients. Multivar-
iate assessment using a binary logistic regression analysis was
used to determine which factors were independently associat-
ed with lymph node positivity (defined as at least one malig-
nant lymph node) and advanced nodal stage (defined as
AJCC stage N2-3, which would categorize these patients as
Stage III or locally advanced). Only patients with at least 10
dissected lymph nodes were included in the latter analysis of
advanced nodal stage, since this is considered an adequate
dissection for breast cancer [25]. Statistical analysis was per-
formed using SPSS version 20.0 (IBM Corp., Armonk, USA).
A p-value less than 0.05 was considered statistically signifi-
cant. This study was approved by the local institutional review
board (approval number: 1502604087).

RESULTS

A total of 7,274 patients met our criteria for analysis. The
mean age at diagnosis was 61.7+12.4 years. A total of 84.1%
of patients were Caucasian, whereas 7.9% were African-
American, 7.3% were Asian/Pacific Islander, and 0.7% were of
other/unknown race. Additional clinical information regard-
ing tumor characteristics is shown in Table 1. The primary
tumor was excised by lumpectomy in 3,855 patients (53.0%)
and mastectomy in 3,419 patients (47.0%). The mean number
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Table 1. Tumor characteristics

Characteristic No. of patients (%)
ER status
Positive 6,769 (93.1)
Negative 505 (6.9)
PR status
Positive 6,025 (82.8)
Negative 1,187 (16.3)
Borderline/unknown 62 (0.8)
HER?2 status
Positive 612 (8.4)
Negative 6,662 (91.6)
Molecular subtype
HR+/HER2- 6,301 (86.6)
HR+/HER2+ 502 (6.9)
HR-/HER2+ 110(1.5)
HR-/HER2- 361 (5.0)
T stage
T 4,888 (67.2)
T2 2,081 (28.6)
T3 305 (4.2)
Grade
| (well differentiated) 2,079 (28.6)
Il (moderately differentiated) 3,747 (51.5)
Il (poorly/undifferentiated) 1,287 (17.7)
Unknown 161 (2.2)
No. of positive lymph nodes
0 5,197 (71.4)
1-3 1,531 (21.0)
4-9 353 (4.9
>10 177 (2.4)
At least 1 (number unknown) 16 (0.2)

ER=estrogen receptor; PR=progesterone receptor; HER2 =human epider-
mal growth factor receptor 2; HR=hormone receptor.

of lymph nodes evaluated per patient was 6.5+ 8.8, and 1,610
patients had at least 10 lymph nodes evaluated. The mean
number of positive lymph nodes was 1.0 + 3.0. A total of 2,061
patients (28.3%) had at least one positive lymph node, and
530 patients (7.3%) were classified as having advanced nodal
stage.

Findings from the multivariate analysis for lymph node
positivity and advanced nodal stage are shown in Table 2.
Among the continuous factors, younger patient age (p <
0.001), larger tumor size (p <0.001), higher tumor grade (p<
0.001), and breast cancer subtype (p=0.040) were indepen-
dent predictors of lymph node positivity. Among the categori-
cal factors, the triple-negative breast cancer subtype had a
significantly lower risk of lymph node positivity than the
HR+/HER2- subtype (p=0.004), but no other significant
differences between subtypes were observed. Caucasian pa-
tients had a significantly lower risk of lymph node positivity
than African-American patients (p=0.024), but there was

http://dx.doi.org/10.4048/jbc.2015.18.2.143

145

Table 2. Multivariate analysis for lymph node positivity and advanced
nodal stage

Lymph node positivity Advanced nodal stage*
Characteristic  Odds  Standard Odds  Standard
. p-value . p-value
ratio error ratio error
Age 098 0.002 <0.001 1.013  0.004 0.005
Race
White Reference  0.081 Reference  0.786
Asian 0.89 0.109 0.287 0.95 0.208 0.807
Black 1254 0.1 0.024 0967 0.9 0.859

Tumor size 1.052  0.002
Tumor grade  1.433  0.045
Cancer subtype
HR+/HER2- Reference  0.040 Reference  0.439
HR+/HER2+ 0.927  0.11 0.491 1.009 0.198 0.966
HR-/HER2+ 0.928  0.223 0.739 1355  0.331 0.359
HR-/HER2- 0.686  0.132 0.004 0.744  0.244 0.226

<0.001 1.032 0.003 <0.001
<0.001 1357 0.09 0.001

HR=hormone receptor; HER2 =human epidermal growth factor receptor 2.
*American Joint Committee on Cancer stage N2-3.

only a trend toward significance for patient race as a whole
(p= 0.081). Older patient age (p=0.005), larger tumor size
(p<0.001), and higher tumor grade (p=0.001) were indepen-
dent predictors of advanced nodal stage. Finally, there was no
significant difference in the incidence of lymph node positivi-
ty between PR+ and PR- tumors within the groups of ER+/
HER2- (25.6% vs. 28.1%, respectively, p=0.228) or ER+/
HER2+ tumors (34.6% vs. 32.7%, respectively, p=0.713).

DISCUSSION

In this large cohort of patients, we have shown that in addi-
tion to traditional risk factors for lymphatic spread, such as
tumor size, tumor grade, and patient age, the HR+/HER2—
subtype of breast cancer also independently predicts a higher
rate of nodal involvement with malignancy compared to the
triple-negative subtype. In fact, tumor grade and breast cancer
subtype appear to have the greatest magnitude of effect ac-
cording to the reported odds ratios (ORs). While we did not
observe a similar impact of subtype in predicting advanced
nodal stage, the OR was similar between HR+/HER2— and
triple-negative patients, and it is possible that the smaller
number of patients in this analysis may have limited its power
to detect a difference.

Several single-institution series have previously addressed
the impact of breast cancer subtype on lymphatic spread, al-
though their findings are heterogeneous. Jones et al. [9] found
that breast cancer subtype had no association with nodal posi-
tivity, N stage, or the absolute number of nodes involved
among 453 patients who underwent breast-conserving sur-
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gery for stage I-II breast cancer. On the other hand, Reyal et
al. [10] showed in a series of 2,654 patients that the triple-neg-
ative subtype had the lowest incidence of sentinel lymph node
positivity and the HER2 subtype had the highest incidence of
sentinel lymph node positivity. Similarly, Crabb et al. [11]
demonstrated in a series of 4,444 patients that the triple-nega-
tive subtype had the lowest risk of lymph node metastasis.
Zhou et al. [12] also reported that among 130 patients with
positive sentinel lymph nodes, the luminal A and B subtypes
had a higher likelihood of having additional nodal metastases
upon axillary lymph node dissection than the triple-negative
or HER2 subtypes. Interpreting such disparate findings in the
context of our own results is challenging. The difference we
observed between HR+/HER2- and triple-negative tumors
reiterates the findings of the majority of the aforementioned
publications. However, our reported lack of difference be-
tween HR—/HER2+ tumors and other subtypes may have
been observed because of a lack of power to detect a differ-
ence in the small subgroup of patients with this subtype in the
SEER registry. Other discrepancies may be due to the fact that
in all of these studies breast cancer subtype was only approxi-
mated by immunohistochemical analysis, which is commonly
used as a surrogate for molecular gene expression profiling,
but may not be as accurate in determining molecular subtype
due to differences in institutional protocols and techniques.

Another approach to assess the value of various regional
management approaches is to assess patterns of recurrence.
Unfortunately the SEER database does not provide informa-
tion regarding recurrence, and therefore recurrence rates were
not evaluated in this study. While the available literature gen-
erally supports the triple-negative and HER2 subtypes as hav-
ing higher locoregional recurrence rates after breast conserva-
tion therapy and mastectomy [14-17], several studies suggest
that postmastectomy radiation therapy is actually most bene-
ficial to the luminal A and B subtypes [18-20], perhaps reflect-
ing the fact that the basal and HER2 subtypes have a higher
rate of distant spread even in the absence of lymphatic spread
[27], thus making locoregional therapy relatively less impor-
tant to the OS of these patients. On the other hand, there is
also evidence from a randomized trial by Wang et al. [27] that
node-negative, triple-negative patients do have a survival bene-
fit associated with postmastectomy radiation, perhaps reflect-
ing the importance of the patient population, the presence of
other prognostic factors, and variability in treatment tech-
niques in interpreting these outcomes data.

PR expression in ER-positive patients has been shown to be
predictive of response to Tamoxifen and Oncotype DX™ re-
currence score and prognostic of breast cancer-specific surviv-
al [28,29]. One rationale used to explain these findings is that
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the ER-positive, PR-negative phenotype potentially represents
a de-differentiated and more aggressive tumor. Van Calster et al.
[13] showed in a series of 2,227 patients that among ER+/
HER2+ tumors (but not ER-/HER2+ tumors), PR positivity
was associated with a higher rate of lymph node involvement
than that found in PR-negative tumors. Our findings in a larg-
er cohort of patients suggest that PR expression does not im-
pact lymphatic spread in any ER-positive patients.

The main strength of using the SEER registry is that it pro-
vides access to a larger cohort of patients than is generally fea-
sible at single institutions. However, there remain several limi-
tations as well. First, any SEER study of this nature is limited
by the lack of a central pathology review and uniformity of
laboratory techniques. The power of our findings was also
limited by the types of patients present in SEER participating
areas, who were predominantly white and had ER+/HER2—
tumors. The lower percentage of HER2+ tumors in this study
compared to the overall SEER incidence may also have been a
consequence of excluding patients who had metastasis at di-
agnosis or had received neoadjuvant chemotherapy [26],
though excluding these patients is unlikely to have affected
our analysis of T1-3 breast cancer and was necessary to ensure
a relatively homogeneous cohort of patients without any pre-
vious treatments that could confound pathologic interpreta-
tion of nodal involvement with malignancy. We also had no
information on whether any of the lymph node(s) examined
were sentinel lymph nodes, and although sentinel lymph node
biopsy has long been the standard of care in the United States
and is probably the most common technique used in this con-
temporary cohort of patients in cases in which only a small
number of dissected lymph nodes was reported, we have no
way to quantify what percentage did not undergo sentinel
lymph node biopsy. It is also noteworthy that we were not able
to obtain information on certain factors such as lymphovas-
cular invasion, which has been associated with lymph node
metastasis in previous studies [23,24]. As such, there may ex-
ist additional factors that correlate with lymphatic spread
which we could not evaluate in this study.

In conclusion, according to the SEER registry, breast cancer
subtype is an independent risk factor for lymph node positivi-
ty, with the HR+/HER2- subtype carrying a greater risk of
nodal involvement with malignancy than the triple-negative
subtype. This suggests that additional methods of regional
lymph node diagnosis and management, such as axillary
lymph node dissection beyond a sentinel lymph node and
lymph node directed radiation therapy, may have less value in
patients with triple-negative tumors, even though they are
known to carry a worse prognosis. Additional predictive fac-
tors identified in this as well as other studies, such as tumor

http://dx.doi.org/10.4048/jbc.2015.18.2.143



Breast Cancer Subtype Predicts Lymph Node Metastasis

size, grade, and patient age, should help guide management in
these patients.
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