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Abstract Objective To assess the intraoperative positive
sentinel lymph node (SLN) total tumor load (TTL, defined
as the amount of CK19 mRNA copies [copies/uL] in all
positive SLNs) obtained by one-step nucleic acid amplifi-
cation (OSNA) and to determine whether it is predictive of
non-SLNs involvement. Summary background data The
OSNA assay (Sysmex Corporation, Kobe, Japan) is a new
diagnostic technique that uses molecular biological tech-
niques to analyze SLN that has been validated as an
accurate method for detection of positive SLN. Although
the American College of Surgeons Oncology Group Z0011
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trial has defined a select cohort of patients in whom a
completion axillary lymph node dissection (CALND) may
be safely omitted, there are a still a number of patients
where prediction of non-SLN metastasis may be helpful for
cALND decision making. Multiple studies suggest that
specific pathologic characteristics of the primary tumor and
the SLN metastases are associated with an increased like-
lihood of additional positive non-SLN. Methods This is a
retrospective multicentric cohort study of 697 patients with
c¢T1-3NO breast cancer, who had had intraoperative SLN
evaluation by OSNA assay with a cALND. TTL is defined
as the amount of CK19 mRNA copies number in all pos-
itives SLN (copies/uL). Results Univariate logistic
regression showed that, in addition to TTL (p < 0.001), the
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number of affected SLNs (p <0.001), tumor size
(p < 0.001), HER?2 status (p = 0.007), and lymphovascular
invasion (LVI, p < 0.001) were predictive of ALND status.
The multivariate logistic regression analysis showed that
TTL is an independent predictor of metastatic non-SLNs,
after adjusting for the tumor size, HER?2 status, LVI and, in
particular, the number of affected SLNs. Conclusions TTL by
OSNA is a newly standardized and automated tool that pre-
dicts axillary node status better and independently of the
number of affected SLNs and the type of surgery. This value
can then help clinicians to personalize surgical treatment.
Prospective studies will be carried out to determine the
clinical impact of this variable in the management of patients.
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Introduction

Axillary lymph node status remains the most powerful prog-
nostic factor in breast cancer [1-3]. Sentinel lymph node
(SLN) biopsy is currently the recommended procedure for
axillary staging of early breast cancer with clinically negative
axilla. It allows for a selective treatment of the axilla, limiting
this to patients with involved SLNs [4]. However, despite
recommendations from the College of American Pathologists
and the American Society of Clinical Oncology, heterogene-
ity in the approach to SLN evaluation exists [4—6].

The one-step nucleic acid amplification (OSNA) assay
(Sysmex Corporation, Kobe, Japan) is a new automatized,
standardized, and reproducible diagnostic device that uses
molecular biological techniques to analyze SLN [7, 8].
Intraoperative SLN assessed by OSNA has been validated as
an accurate method for detection of SLN metastasis com-
pared with conventional histological examination [9-12].

Recently, the American College of Surgeons Oncology
Group (ACOSOG) Z0011 trial has defined a select cohort of
patients with positive SLN in which a complete axillary
lymph node dissection (cALND) may be safely omitted [13].
However, there are still a number of patients where predic-
tion of non-SLN metastasis may be helpful for cALND
decision making [14, 15]. Multiple studies have aimed to
identify variables predictive of non-SLN metastases to select
those patients who can be spared complete ALND (cALND)
[16—-19]. These suggest that specific pathologic characteris-
tics of the primary tumor and the SLN metastases are asso-
ciated with an increased likelihood of additional positive
non-SLN. Those results led to multiple nomograms that
predict axillary involvement. Nevertheless, they show some
inconsistencies: first, many of them include features that
cannot be used intraoperatively; and second, most of those
variables are not easily reproducible.
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The aim of this study is to determine whether a new var-
iable, the total tumor load (TTL, defined as the amount of
CK19 mRNA copies [copies/pl] in all positive SLNs)
obtained by OSNA, which can be assessed intraoperatively
and is automated, standardized, and reproducible, is pre-
dictive of non-SLNs metastasis in early breast cancer
patients.

Methods
Patients

This is a multicentric cohort study. Seven hundred and one
consecutive patients with clinically and ultrasonographically
node-negative cT1-3 invasive breast cancer, who had
undergone intraoperative SLN evaluation by OSNA with a
positive finding, were included in the study. Exclusion cri-
teria were patients with ipsilateral breast cancer recurrence,
neoadjuvant treatment, and negative CK19 tumors in the
preoperative biopsy. The study started in May 2012 when
data was collected from medical records of nine Spanish
institutions and included age, tumor size and grade, histo-
logical subtype, type of surgery, estrogen receptor (ER) and
progesterone receptor (PR) status [20], HER2 status [21],
Ki67 [22, 23], the presence of lymphovascular invasion
(LVI), total number of SLN and non-SLN, the number of
positive and negative non-SLNSs, size of SLN and non-SLN
metastases, and CK19 mRNA number copy/pL in each SLN.

Detection of the SLN

Types of injection and the use of radioisotope with or
without blue dye were different depending on the institu-
tion [24]. SLNs were sent fresh to the Pathology Depart-
ment. Levels I and I ALND were performed if the SLNs
were positive for micro- or macrometastasis in the intra-
operative analysis. Lumpectomy or mastectomy was per-
formed as part of the planned breast cancer treatment.

Intraoperative OSNA evaluation

After the fatty tissue was removed, the SLN was weighed
and cut along the short axis. An imprint cytology specimen
was performed for morphological correlation. Afterward,
the entire lymph node was homogenized with 4 mL of a
lysis buffer solution (Lynorhag; Sysmex) and centrifuged
at 10,000 x g at room temperature. A 2-pul. sample of the
supernatant was analyzed with the RD-100i system (Sys-
mex)—an automated gene-amplification detection system
using a reverse transcription loop-mediated isothermal
amplification method with the LynoampBC (Sysmex Cor-
poration, Kobe, Japan). The degree of amplification was
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detected via a byproduct of the reaction. Upon precipitation
of magnesium pyrophosphate, the resulting change in tur-
bidity was in turn correlated to CK19 mRNA copy number/
pL of the original lysate through a standard curve that was
established beforehand with three calibrators containing
different CK19 mRNA concentrations. A standard positive
control sample containing 5 x 10* copies/uL of CKI9
mRNA and a negative control sample not containing any
CK19 mRNA were used for validation in every assay.
Lymph nodes that exceeded the specified maximum weight
of 600 mg were cut into two or more pieces and processed
as separate nodes. Four lymph nodes were analyzed in a
single run.

Based on the number calculated of CK19 mRNA copies/
pL, the result was assessed in accordance with the cutoff
level determined by Tsujimoto et al. [7]: macrometastasis
(OSNA ++) was defined as >5 x 10° copies/pL of CK19
mRNA, micrometastasis (OSNA +) as 2.5 x 10>-5 x 10°
copies/uL, and non-metastasis (OSNA —) as <2.5 x 107
copies/puL. The TTL was defined as the amount of CK19
mRNA copy number in all the positive SLNs (copies/pL).

Permanent histology for non-SLN examination

All non-SLNs were sliced to half pieces along the long axis
after formalin fixation. One of the cut surfaces was
examined with hematoxylin and eosin staining. Immuno-
histochemical (IHC) staining was not used for evaluation
of non-SLNS.

Axillary lymph nodes were staged according to the
American Joint Committee on Cancer [25].

Statistical analyses

Logistic regression was used to investigate the capacity of
TTL (after log transformation, to avoid nonlinearities in the
logit) to explain a positive result in the assessment of non-
SLN. Other explanatory variables considered in addition to
log TTL were the number of affected SLN, patient’s age at
surgery, tumor size, histologic type and tumor grade, ER,
PR, HER?2 receptor status, LVI, and type of surgery. Both
uni- and multivariate analyses were conducted. In the
multivariate analysis, we used a backward elimination
procedure to drop variables that were not significant
(p > 0.05) in Wald tests. A post-fit ROC analysis was
carried out to identify the best cutoff of TTL.

All analyses were performed using SAS 9.2 for
Windows.

Ethical considerations

This study was approved by the Ethics Committee of each
participating institution.

Results

A total number of 701 patients were recruited, of which
697 (99.4 %) met the study selection criteria. Four patients
were excluded from analysis because of previous chemo-
therapy or hormonal therapy (two patients) or cALND with
less than five lymph nodes analyzed (two patients). All
analyses were conducted on the 697 valid patients. Table 1
shows the baseline characteristics of the study sample. The
median number of SLN was 2 (range 1-7), and the median
number of positive SLN was 1 (range 1-5). The median
number of non-SLN was 14 (range 1-42). Two hundred
and two patients out of 697 (29.0 %) had positive lymph
nodes in the ALND. Micrometastases were found in 19
patients (9.4 %), and macrometastasis in 183 (90.6 %) of
the 202 patients. Four hundred and sixty three (66.4 %)
patients had just one positive SLN, 166 (23.8 %) had two,
51 (7.3 %) had three, 16 (2.3 %) had four and one (0.1 %)
had five positive SLNs. Five hundred and ninety five
patients (85.3 %) were classified as pN1; 77 (11.0 %) as
pN2; and 24 (3.4 %) as pN3.

When classified by molecular subtypes according to St.
Gallen’s recommendations for classifying intrinsic sub-
types of breast cancer [23], the highest frequency of posi-
tive non-SLN was observed in the HER2-enriched tumors
(9722, 59.1 %), followed by Luminal B-HER2 (22/62,
35.5 %), Luminal B (83/274, 30.3 %), Luminal A (77/298,
25.8 %), and triple negative (7/40, 17.5 %).

Uni- and multivariate logistic regression analyses

Univariate logistic regression showed that, in addition to
(log) TTL (p <0.001), the number of affected SLN
(» <0.001), tumor size (p < 0.001), HER2 status
(»p = 0.007), and LVI (p < 0.001) were associated to non-
SLN metastases. Histological type did not reach a statis-
tically significant result (p = 0.051), although patients with
invasive lobular carcinoma (ILC) or -ductal carcinoma
(IDC) seemed to show higher odds of positive cALND as
compared with patients with other types of carcinoma.
Even if grade III tumors had higher odds ratio (OR) than
grades I or II, the overall grade effect was not statistically
significant (p = 0.182). PR-positive tumors had lower OR
of positive cALND as compared with PR-negative tumors
(0.77 [0.52-1.15]) although the result failed to reach sta-
tistical significance (p = 0.203). Age and ER were clearly
unrelated to non-SLN status (Table 2).

Multivariate logistic regression analysis: predictive
model

The reduced model containing only variables available by
the time of surgery (log TTL, HER2, and the number of
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Table 1 Patients’ characteristics

Pathological parameters n (%)
Age (years)

Median (IQR) 58 (49-68)
Pathological tumor size (mm)

Median (IQR) 18 (13-25)
Histologic type

Invasive ductal 591 (84.8)

Invasive lobular 73 (10.5)

Other 28 (4)

Missing/unknown 5 (0.7)
Histological grade

1 151 (21.7)

2 365 (52.4)

3 181 (25.9)
Estrogen receptor

Positive 629 (90.2)

Negative 68 (9.8)
Progesterone receptor

Positive 556 (79.7)

Negative 141 (20.3)
HER?2 status

Negative 612 (87.8)

Positive 84 (12.1)

Missing/unknown 1(0.1)
Ki67 status

<15 % 298 (43)

>15 % 398 (57)
Lymphovascular invasion

No 446 (64)

Yes 251 (36)
Type of surgery

Mastectomy 214 (30.7)

Lumpectomy 483 (69.3)

IQR interquartile range, which is the 25th-, 75th percentiles

affected SLN) produced a good overall fit and effect esti-
mates that were similar to those observed in the previous
explanatory model (Table 3). The multivariate logistic
regression analysis showed that (log) TTL is an indepen-
dent predictor of metastatic non-SLNs, after adjusting for
the tumor size, HER2 status, LVI, and, in particular, the
number of affected SLNs.

The ROC curve analysis showed that, as compared with
the number of affected SLN, (log) TTL has a better ROC
curve, as measured by the area under curve (AUC) (Fig. 1):
(log) TTL 0.709 (95 % confidence interval [CI]
0.667-0.760); number of affected SLN 0.610 (95 % CI
0.570-0.652); p < 0.001 (Table 3).
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Cut-point for log TLL

If we divide TTL in micro- and macrometastasis inde-
pendent of the number of SLNs affected, from the 225
patients in whom TTL would be classified as microme-
tastasis, 28 (12.44 %) had further axillary involvement,
compared with 174 (33.86 %) out of 472 patients in the
group of macrometastasis (p < 0.001).

We then chose a cutoff point for TTL so as to reduce the
probability of patients included as much as possible, while
keeping an acceptably high negative predictive value
(NPV) value. The chosen cutoff point was TTL = 15,000
(corresponding to [log] TTL = 4.1761) that had a
NPV =855 (95 % CI 81.0-88.8), positive predictive
value (PPV) = 41.1 (95 % CI 36.3-46.1), sensitivity 76.7
(95 % CI 70.4-82.0), and specificity = 55.2 (95 % CI
50.7-59.5).

Discussion

Since the first description of breast SLN in 1993, it has
been difficult to reach consensus on SLN standardization of
evaluation [26]. Controversies and inconsistencies regard-
ing the pathological work-up of SLNs led the European
Working Group for Breast Screening Pathology to review
the different protocols in 2003, finding multiple differences
between institutions [27]. Intraoperative conventional his-
topathological examinations are then non-standardized and
limited in their ability to detect metastasis because of the
partial evaluation of the node. The evaluation of SLN by
step-sectioning procedure, with or without IHC staining,
has outperformed the false negative intraoperative rates.

The OSNA assay has been reported as a new standard-
ized intraoperative technique that evaluates, for the first
time, the whole SLN intraoperatively [28], thereby avoid-
ing sampling errors and second-time surgeries due to false
negative results. Validation studies published to date are
consistent with a reliable quantitative test that allows final
decisions related to axillary treatment of patients. The
results are output automatically not only in a semiquanti-
tative manner (— [negative] for CK19 mRNA copy num-
bers less than 250/uL; 4+ [micrometastasis] for copy
numbers between 250 and 5,000/pL; and ++ [macrome-
tastasis] for copy numbers greater than 5,000/puL) but also
as a continuous variable in the form of tumor load (CK19
mRNA copy number).

However, surgical implications of positive SLNs is
under debate and discussion after the ACOSOG Z0011 trial
demonstrated no difference in overall survival or locore-
gional recurrence rates between patients planned for breast
conservation therapy including whole breast irradiation
with one or two positive SLNs randomly selected to
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Table 2 Uni- and multivariate logistic regression models
Variables Univariate model Multivariate model
OR (95 % CI) Wald test p OR (95 % CI) Wald test p

(log) TTL (copies/uL) 1.88 (1.62-2.20) <0.001 1.64 (1.38-1.94) <0.001
Age (years) 1.00 (0.99-1.02) 0.447 - -
Tumor size (mm) 1.03 (1.02-1.05) <0.001 1.03 (1.02-1.04) <0.001
Number of affected SLN 1.83 (1.48-2.27) <0.001 1.30 (1.02-1.66) 0.036
Grades

IvsII 0.64 (0.39-1.04) 0.182% - -

1T vs III 0.90 (0.61-1.33)
Histological type

IDC vs other 1.78 (0.66-4.76) 0.051%* - -

ILC vs other 3.03 (1.03-8.88)
ER (positive vs negative) 0.98 (0.56-1.69) 0.934
PR (positive vs negative) 0.77 (0.52-1.15) 0.203
HER?2 (positive vs negative) 1.90 (1.19-2.04) 0.007 1.72 (1.02-2.92) 0.043
LVI (present vs absent) 3.19 (2.27-4.48) <0.001 2.58 (1.79-3.72) <0.001
Type of surgery (lumpectomy vs mastectomy) 0.66 (0.47-0.93) 0.019 - -
OR odds ratio, CI confidence interval
* Two degrees of freedom test; overall fit of the multivariate model (Hosmer-Lemeshow test): Xz =3.63;df =8; p =0.88
Table 3 ROC curve analysis: AUCs and comparisons
ROC curve AUC (95 % CI) Difference® P
(log) TTL 0.709 (0.667-0.760) - -
Number of affected SLN 0.610 (0.570-0.652) —0.098 (—0.144 to —0.052) <0.001
Reduced multivariate model 0.718 (0.667-0.769) 0.009 (—0.005 to 0.024) 0.182

p value from y tests
# The reference for comparisons is log TTL ROC curve

undergo axillary cALND versus no further surgery [13].
Although the Z0011 trial was expected to be “practice-
changing,” controversies worth nothing still remain. One
important point of debate regarding this trial is the appli-
cability of the results to subsets of patients who were
underrepresented or undefined in the trial such as young
patients, patients with lobular histology, hormone receptor
negative tumors, or HER2 positive tumors. Furthermore,
contradicting results have been published recently,
including the current analysis of the Dutch MIRROR
cohort study, which showed an increased 5-year regional
recurrence rate in patients with micrometastases in their
SLN and no cALND performed [29]. This has made sev-
eral institutions adapt Z0011 recommendations and still
perform cALND in patients meeting the trial inclusion
criteria. A recent article from Caudle et al. [14], reflects the
impact of this trial in their institution, where the number of
cALND in patients with positive SLN meeting ACOSOG
70011 criteria has decreased from 85 to 24 % and

intraoperative analyses of the SLN from 69 to 26 %.
Reasons for performing still a cALND were based on
tumor size, lobular histology, number of SLN, size of the
SLN metastasis, extracapsular extension, and higher
probability of positive non-SLNs based on their
nomogram.

The use of nomograms to predict axillary involvement
can then be helpful in guiding to make decisions for
patients who meet Z0011 eligibility criteria but may not
completely meet the characteristics of those who were
enrolled on the trial or groups that were under-represented
or even not represented in the trial. Van la Parra et al.
performed a meta-analysis to identify the clinicopatho-
logical variables most predictive of non-sentinel node
metastasis. They defined eight main factors: method of
detection, SLN metastases >2 mm in size, extracapsular
extension in the SLN, >1 positive SLN, 1 negative SLN,
tumour  size >2 cm, ratio of positive sentinel
nodes >50 %, and LVI in the primary tumour [16].

@ Springer
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Fig. 1 ROC curves of the log TTL, the number of affected SLNs, and
the model containing these two variables plus the HER2 receptors
status (reduced multivariate model)

Meretoja et al. [30] recently published a new tool to predict
the risk of non-SLN metastases where HER2 status and
histological and nuclear grade also seem to play an
important role.

TTL, assessed by the OSNA assay, is a new value than,
exclusively by itself, is able to predict the likelihood of
more axillary metastasis. Even if its predictive value is
lower than other nomograms (AUC = 0.709 vs 0.80 of the
most widely used model—the nomogram developed by
Van Zee et al. [17] at Memorial Sloan-Kettering Cancer
Center, after incorporating the SLN metastasis size [19] —),
TTL is automatized, reproducible, and can be assessed
intraoperatively. Another important point is that, compared
with the number of positive SLNs, the TTL is independent
of the number of metastatic SLNs and a better predictor of
further nodal metastasis. Furthermore, it is not correlated
with the type of surgery and/or the histological tumor
subtype (IDC vs ILC vs others). This value can then be
helpful in guiding to make decisions for patients who do
not completely meet Z0011 eligibility criteria or for groups
who were under-represented (e.g., in our study 73 [10.5 %]
had an ILC and 84 [12.1 %] were HER2 positive).

Even if establishing specific cutoff-points can be ques-
tionable because they may change in the future and
increasingly become more patient specific, we have seen
that TTL = 15,000 could be a good candidate because of
its high NPV, PPV, sensitivity, and specificity. Compared
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with Z0011 where the rate of positive non-SLNs was 27 %,
just 14.7 % patients with TTL <15,000 had other positive
non-SLNs and 41 % of patients with 1 or 2 positive SLNs
with TTL >15,000 had other positive non-SLNs. Further-
more, taking this value as a cutoff point, 92 (13.2 %)
patients who were not meeting Z0011 eligibility criteria
(85 patients with mastectomy and 7 patients with >3
positive SLN) had a TTL <15,000, and so they may have
spared a cALND considering the predictive results of the
TTL and the low risk of other positive non-SLN.

In conclusion, this study is the largest to date that
demonstrates that TTL by OSNA is a newly standardized
and automated tool that predicts axillary node status better
and independently of the number of affected SLNs. Pro-
spective studies will be carried out to determine the clinical
impact of this variable in terms of locoregional recurrence
and overall survival in the management of patients.
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