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Abstract

Purpose—National guidelines define adequate axillary lymph node dissections as those yielding
> 10 lymph nodes (LNs). We aimed to identify the optimal LN yield among node-positive patients.

Methods—Using the National Cancer Data Base (2010-2015), we categorized node-positive
patients as follows: (1) neoadjuvant chemotherapy (NAC, ctN1-3 or ypN1mi-3) or (2) upfront
surgery (pN1-3). A restricted cubic splines model was used to estimate LN retrieval thresholds
associated with change in overall survival (OS).

Results—129,685 patients were identified: 21.2% NAC, 78.8% upfront surgery. Low, moderate,
and high retrieval thresholds were estimated to be 1-6, 7-21, and > 21 LNs (upfront surgery), and
1-7,8-22, and > 22 LNs (NAC). In an adjusted model, high versus low LN yield was associated
with greater receipt of adjuvant chemotherapy (upfront surgery OR 1.96, p< 0.001) and greater
use of adjuvant radiation (upfront surgery OR 1.08, p=0.02; NAC OR 1.23, p=0.002). After
adjustment, high versus low LN retrieval was associated with improved OS (upfront surgery HR
0.86, p<0.001; NAC HR 0.77, p< 0.001). Worse OS was associated with retrieving fewer LNs,
likely as a result of an under-staged axilla and missed opportunity for adjuvant therapy, while
better OS was independently associated with retrieval of up to approximately 20 LNs, after which
survival did not improve.

Conclusion—In node-positive breast cancer, the number of nodes retrieved is significantly
associated with an increased positive nodal count and greater use of adjuvant therapy. Removal of
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approximately 20 LNs may improve survival by both more accurate nodal staging and increased
adjuvant therapy use.
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survival

Introduction

Methods

Sentinel lymph node biopsy (SLNB) has largely replaced axillary lymph node dissection
(ALND) for axillary staging in many circumstances. Settings in which pathologically node-
positive disease does not require ALND include ACOSOG Z0011-eligible patients [1],
isolated micrometastases in SLNs, and clinically node-negative patients who undergo
mastectomy, have limited LN involvement, and receive postmastectomy radiation (PMRT)
[2]. However, ALND continues to be guideline-concordant care for clinically positive nodes
having upfront surgery, failed SLN mapping, patients not meeting 20011 or AMAROS
criteria, or those who remain pathologic node-positive after neoadjuvant chemotherapy. The
goals of ALND are to establish nodal stage, optimize regional control, and to predict
prognosis on which to base adjuvant treatment recommendations [2, 3].

The National Comprehensive Cancer Network (NCCN) defines an adequate ALND as
retrieval of = 10 lymph nodes (LNSs) to accurately stage the axilla [2]. Two historic studies,
published over 25 years ago, evaluated the LN thresholds required to ensure a node-negative
axilla [4-6]. These studies found that an increased number of LNs examined correlated with
greater positive nodal detection. The first study found significantly improved axillary
recurrence-free and overall survival (OS) when = 10 LNs were retrieved. Above 10 LNs, the
frequency of positive node detection plateaued, and thereby the authors concluded 10
negative LNs retrieved was adequate to deem a patient “node-negative” [4]. The second
study determined that a cutoff point for a T1 tumor is when 10 LNs are sampled from level 1
and found to be uninvolved [5, 6]. These two studies intended to define the adequate number
of LNs retrieved to ensure a node-negative axilla.

Since the vast majority of ALNDs are now performed in node-positive patients, we sought to
identify the number of LNs needed to adequately stage the node-positive axilla, guide
treatment decisions, determine if a LN retrieval threshold exists, and when is enough,
enough? Further, we sought to determine whether an association exists between the number
of LNs retrieved and OS in the node-positive axilla.

We identified adult patients (= 1875 years) between 2010 and 2015 with node-positive,
invasive breast cancer from the National Cancer Data Base (NCDB), Fig. 1. Patients age >
75 years old, with metastatic disease, treated with neoadjuvant radiation or endocrine
therapy, and those with missing data regarding type of surgery, survival, or staging were
excluded. Patients receiving neoadjuvant endocrine therapy were excluded primarily because
the treatment response has been shown to be significantly different from that achieved with
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NAC (which is more likely to result in a pathologic complete response). In addition, it is
often offered to older, frailer women with potentially more comorbidities, and including
these women may introduce unintended heterogeneity to our study populations. The study
cohort was divided into two groups based on treatment sequence: upfront surgery or NAC.
Node positivity for the upfront surgery cohort was limited to pathologic N1-3 disease; node
positivity for the NAC cohort was defined as either clinical N1-3 (regardless of pN status) or
ypN1-3 (ypN1mi-3). A small proportion of patients underwent treatment with a neoadjuvant
systemic therapy other than chemotherapy (coded as “other systemic therapy” in the
NCDB). These patients were included in the NAC group because this treatment was likely
given as an alternative to neoadjuvant chemotherapy with similar intent (e.g., anti-HER2
therapy).

Patient characteristics were summarized with A/ (%) for categorical variables and median
(interquartile range, IQR) for continuous variables for all patients and by treatment
sequence: (1) NAC (cN1-3 or ypN1mi-3), and (2) upfront surgery (pN1-3). Groups were
compared using ;(2 or Fisher’s exact tests for categorical variables, and #tests or Wilcoxon
Rank Sum tests for continuous variables, as appropriate. For each treatment group, the
number of LNs retrieved, number of pathologically positive nodes, and treatment variables
were summarized for each pN stage (1-3, 4-9, = 10).

Two multivariable Cox proportional hazards models with restricted cubic splines (RCS)
were created to characterize the functional association of the number of LNs retrieved with
OS for the NAC and upfront surgery groups separately [7, 8]. The RCS method allowed for
a flexible multivariable model of the nonlinear relationship of LN number and survival to be
employed without assuming the existence of potential cut points. 3-, 4-, and 5-knot models
were examined, and the 4-knot models (knots at 5th, 35th, 65th, and 95th percentiles) were
selected for both cohorts based on the Akaike Information Criteria [9]. Each model
identified the number of LNs removed corresponding to the critical point of the log hazard
ratio function. Bootstrap simulation with a Monte Carlo Markov Chain procedure was used
to estimate each threshold value as the LN retrieval associated with a marked change in OS
over 1000 iterations. Final thresholds and confidence intervals were estimated from all
iterations as mean (2.5-97.5th percentile). Patients were characterized as having “low,”
“moderate,” and “high” LN retrieval based on these thresholds for both NAC and upfront
surgery groups.

Cox proportional hazards regression analyses were utilized to estimate the association of
categorized LNs retrieved (low, moderate, high) and OS, after adjustment for other
covariates. A robust sandwich covariance estimator was included to account for the
correlation of patients treated at the same hospital. Logistic regression was used to estimate
the association of LN retrieval with utilization of adjuvant therapy, after adjustment for
covariates. Sensitivity analyses excluding patients who were potentially eligible for the
ACOSOG 70011 trial was conducted. Due to similarity in results, only analyses for the full
cohort are reported here. In addition, we evaluated those potentially eligible for the NSABP-
B51 and Alliance A011202 trials to quantify those cohorts in this study. A p-value < 0.05
was considered significant, and no adjustments were made for multiple comparisons.
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Statistical analyses were conducted using SAS, version 9.4 (SAS Institute, Cary, NC). Due
to use of de-identified data, our institutional review board granted the study exempt status.

We identified 129,685 node-positive breast cancer patients: 27,485 (21.2%) received NAC
and 102,200 (78.8%) underwent upfront surgery. Patient demographics, tumor
characteristics, and treatments received are shown in Table 1 by treatment sequence. For the
overall cohort, the median age was 56 years and median tumor size was 2.4 cm. Roughly
one-third (34.4%) of all patients had clinically positive nodes at presentation (cN1), with
expectedly higher rates in the NAC group (64.7%), compared to the upfront surgery group
(26.3%). The overall median number of nodes retrieved was 11 (12 for NAC, 11 for upfront
surgery), and the median number of pathologically positive LNs was 2 in both groups. This
cohort had an overall high receipt of chemotherapy (80.4%) and radiation (92.1% among
lumpectomy patients and 60.3% among mastectomy patients). When comparing patients by
pN stage (Table 2), patients with a higher pN stage had a higher number of LNs retrieved in
both groups, suggesting that with additional LNs retrieved, additional positive nodes are
identified.

Cox proportional hazards models with RCS estimated the number of LNs corresponding to
the critical points of the log hazard ratio function to be at 6.83 (95% CI 6.37-6.92) and
21.00 (95% CI 20.09-21.68) in the upfront surgery group, and 7.77 (95% CI 7.21-7.93) and
22.33 (95% ClI 20.48-23.59) in the NAC group (Fig. 2). Based on these critical thresholds,
low, moderate, and high LN retrieval groups were defined as 1-7, 8-22, and > 22 LNs for
the NAC group, and 1-6, 7-21, and > 21 LNs for those who underwent upfront surgery.
Worse OS was seen with retrieval of fewer than 8 LNs (NAC), or 7 LNs (upfront surgery),
while OS increased with retrieval of 8-22 LNs (NAC) or 7-21 LNs (upfront surgery), after
which point survival did not improve with removal of additional nodes. For the overall
cohort, high compared to low LN retrieval was independently associated with improved OS
(HR 0.84, 95% CI 0.79-0.90, p< 0.001). This improvement was similarly seen in the
moderate versus low LN retrieval groups (HR 0.91, 95% CI 0.89-0.96, 0 < 0.001) overall.
Subset analysis showed similar significant improvement in OS in both upfront surgery and
NAC groups (Table 3).

After adjustment for the number of positive LNs, high versus low LN retrieval was strongly
associated with a greater likelihood of receipt of adjuvant chemotherapy (OR 1.96, 95% ClI
1.82-2.10, p< 0.001) for those in the upfront surgery group. Similarly, high versus low LN
retrieval was associated with a slightly greater receipt of adjuvant radiation in both the
upfront surgery group (OR 1.08, 95% CI 1.01-1.16, p= 0.02) and the NAC group (OR 1.23,
95% ClI 1.08-1.40, p=0.002). Patients undergoing upfront mastectomy had markedly
increased rates of radiation with increasing nodal burden (41.7% for 1-3 positive nodes vs.
81.8% RT for = 10 positive nodes). Notably, a high versus low LN retrieval was not
associated with adjuvant endocrine therapy in either group.
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Discussion

In contemporary breast cancer care, SLNB provides accurate axillary staging with fewer side
effects for the many patients who ultimately have pathologically negative nodes. However,
ALND is still recommended for patients with clinically positive nodes (cN1-3 disease)
undergoing upfront surgery, inflammatory breast cancer, and select patients with a positive
SLNB [10]. In addition, guideline-concordant care includes ALND for patients with
clinically positive nodes undergoing NAC, although emerging data support SLNB alone
after NAC in specific clinical scenarios [11-13]. Historically, a node-negative axilla was
confidently deemed node-negative when = 10 negative LNs were retrieved [4, 5]. However,
the number of LNs needed to accurately stage the axilla has yet to be defined specifically in
the node-positive axilla. Our findings demonstrate that, in this setting, adequate axillary
dissection includes retrieval of approximately 20 LNs, and has the potential to guide
adjuvant treatment decisions, and improve survival of individuals with high-risk breast
cancer.

Extent of LN metastases is one of the strongest prognostic indicators for breast cancer,
conferring significantly worse survival for those with regional disease, and a continued
decline in survival with additional positive nodes [14, 15]. As such, LN status remains an
essential variable in the AJCC prognostic staging guidelines and remains an important
determinant of adjuvant treatment decision-making [16, 17]. In our study, inferior survival
was independently associated with retrieval of fewer than 7 or 8 LNs (upfront surgery vs.
NAC) and improved to a threshold of 21 or 22 LNs (upfront surgery vs. NAC), after which
point, survival did not improve with the retrieval of additional nodes. While we do not
interpret these data to suggest a therapeutic survival benefit to additional axillary clearance,
it is likely an indicator of improved accuracy of axillary staging and its influence on
adjuvant treatment decision-making.

Chen et al. similarly found improved OS with increased LN retrieval, even in a population of
pathologically node-negative women [18]. Among stage 11/111 breast cancer patients
receiving NAC followed by modified radical mastectomy (MRM) with pathologically
negative nodes, having higher numbers of LNs retrieved was associated with improved
survival (4-9 nodes: reference; 10-19 nodes: HR 0.19; 20 + nodes: HR 0.41; p=0.002)
[18]. Similar to our findings, the authors conclude this is likely a reflection of staging
accuracy (reduced false-negative staging). Further-more, a greater extent of axillary
dissection may be a proxy for overall more aggressive care.

In addition to improved survival, higher LN retrieval in our study was independently
associated with increased receipt of adjuvant radiation and chemotherapy. NCCN guidelines
strongly recommend regional nodal irradiation for patients with = 4 positive LN [10] based
on large randomized trials [19, 20]. Additionally, PMRT has been associated with improved
outcomes for women with any nodal involvement [21, 22]. Our study found significantly
increased rates of radiation receipt in upfront mastectomy patients with higher nodal burden
(1-3 positive nodes, 41.7% vs. 4-9 positive nodes, 82.1%), and similar findings were
observed in the NAC group.
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Adjuvant chemotherapy receipt was independently associated with higher nodal retrieval in
our study. While most node-positive patients are candidates for chemotherapy [10], the
NCCN recommends decision-making be based on individual recurrence risk and predicted
response to therapy. Multiple models provide risk assessment and predict potential benefits
of systemic therapy, many of which include lymph node status [23, 24]. Our data
demonstrated a significant increase in adjuvant chemotherapy with both moderate and high
LN retrieval, as compared to low retrieval. Similarly, a considerably higher rate of
chemotherapy receipt was seen in 4-9 positive nodes (90.1%), when compared to 1-3
positive nodes (70.4%), again demonstrating the importance of accurate axillary staging in
the node-positive patient. These data suggest that retrieval of only a few additional positive
nodes (upstaging from pN1 to pN2) greatly alters adjuvant treatment receipt.

Defining adequacy of an ALND requires defining the optimal number of LNs retrieved
whereby removal of additional nodes no longer alters treatment decisions or prognosis. In
the node-negative axilla, that has been determined to be 10 LNSs [4, 5]. In our node-positive
patients, we found that evaluating a higher number of nodes was required to reach a
threshold after which removal of additional nodes did not impact treatment decisions or OS.
Similar to our findings, others have also shown that removing more LNs (> 15, but not > 25
LNs) appears to be associated with improved survival [25]. More recently, a study by Wang
et al. also sought to determine the optimal threshold for LN retrieval in the node-positive
patient [26]. In this review of > 9000 breast cancer patients (SEER database) who underwent
MRM and were found to have at least 3 positive LNs, examination of at least 12 LNs was
determined to be the optimal threshold based on its association with cancer-specific survival.
They similarly found a significant relationship between the number of examined and number
of positive LNs identified, as well as increased examined LNs as independently associated
with improved cancer-specific survival (p=0.001) [26].

These data, and our current study, support the concept that a lower LN retrieval may result in
under-staging, leading to lower receipt of adjuvant therapy and thereby potentially worse
OS. We do not interpret our data to imply a high LN retrieval provides a direct survival
benefit but rather that the associated improvement in survival is due to a more accurately
staged axilla and an increased receipt of adjuvant therapies, leading to improved outcomes.
In addition, the number of nodes retrieved may represent a proxy for institutional
commitment to breast cancer care, specifically, as a marker of quality of the surgeon,
pathologic evaluation and identification of nodes within a specimen, or multi-disciplinary
decision-making.

Alternatively, it is also possible that removing more LNSs results in stage migration (Will
Rogers phenomenon). For example, a patient may be classified at pN2 if only 9 positive LNs
were removed, while removing only 1 additional positive node would upstage them to pN3,
even with only 1 LN difference. If included in the pN2 cohort, this patient with 9 positive
LNs would likely have a worse survival than those with only 4 positive LNs (also pN2); in
contrast, if the patient were found to have 10 positive LNs (classified as pN3), they would
likely have a better survival than a patient with 20 positive LNs; thus resulting in stage
migration (improved survival in both populations with the less and more severe disease
stages based on the defined diagnostic criteria) [27]. However, we used LN retrieval as a

Breast Cancer Res Treat. Author manuscript; available in PMC 2021 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rosenberger et al.

Page 7

continuous variable to determine our statistical cutoffs for each group. Although selecting
different cutoffs for each group may yield different results (or stage migration), we feel the
statistical analysis applied provides reliable and reproducible support for our findings.

Our study represents one of the largest analyses of node-positive patients to evaluate the
association of LN retrieval with treatment decisions and outcomes. However, there are
several limitations to using the NCDB, including the absence of recurrence or breast cancer-
specific survival data, both of which may be more relevant endpoints than OS. In addition,
the data on non-surgical therapies in NCDB (e.g., chemotherapy, endocrine therapy, etc.)
and completion of planned therapies may be inadequate [28]. Unfortunately, the NCDB does
not specify the intent of the axillary procedure (SLNB alone vs. ALND). Lastly,
classification of patients as cN+ does not mandate biopsy proven disease, thus potentially
including patients in this cohort that were erroneous classified as node-positive (e.g., CN+,

ypNO).

As such, we repeated our analysis excluding potentially Z0011-eligible patients, excluding
those with < 10 LN retrieved as a proxy for SLNB, and found similar results overall. These
data likely do not apply to the Z0011 cohort as the majority of this cohort received adjuvant
chemotherapy and radiation, and additional nodal retrieval would not change adjuvant
treatment decision-making. Additionally, we evaluated the potentially eligible patients for
the currently enrolling NSABP B-51 and Alliance (A011202) trials. As these require NAC,
only 3.6% and 2.7% of patients overall were potentially B-51 and Alliance eligible,
respectively, indicating these were small portions of our overall dataset and thus precluding
any meaningful subset analysis in this important group of patients.

Over time we will continue to offer more NAC, performing more SLNB and targeted
axillary dissections, and are studying the omission of radiation in select patients. However,
in the initially or persistently node-positive axilla following NAC, we need to ensure
adequacy of axillary staging, by performing a complete level I and 11 anatomic axillary node
dissection, as it is consistently shown to drive adjuvant treatment decisions and impact OS.

Conclusion

Funding

In a node-positive breast cancer cohort, a higher yield of excised LNs resulted in an
increased positive nodal count. This higher LN retrieval is associated with increased receipt
of adjuvant chemotherapy and radiation. OS is also strongly associated with the overall
number of LNs retrieved up to a threshold of approximately 20 nodes, with a survival
advantage in high versus low retrieval cohorts, which is seen for both the upfront surgery
and NAC populations.
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Fig. 2.
Association between total number of lymph nodes retrieved and survival, in patients

undergoing neoadjuvant chemotherapy (a), or upfront surgery (b), from adjusted Cox
proportional hazards model with restricted cubic splines
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