
Abstract. Background/Aim: One-step nucleic acid
amplification (OSNA) is a newly developed procedure for
detection of node metastasis by targeting CK19 mRNA. This
study aimed to compare the prognosis of ER-positive/HER2-
negative (ER+/HER2–) breast cancer patients with negative
sentinel lymph node (SLN), as determined by OSNA with that
determined by pathology. Patients and Methods: A total of
508 patients who underwent breast surgery and SLN biopsy
were enrolled. Of 263 patients with negative SLN by OSNA
(osN0), 239 were treated with endocrine therapy alone
(osN0-ET), and of 107 with negative SLN by pathology
(pN0), 103 were treated with endocrine therapy alone (pN0-
ET). Results: Distant relapse-free survival (DRFS) of osN0-
ET group (99.5% at 6 years) was significantly better
(p=0.044) than that of pN0-ET group. Multivariate analysis
revealed that osN0 was significantly associated (p=0.019)
with favorable DRFS. Conclusion: ER+/HER2– breast
cancer patients with negative SLN by OSNA show an
excellent prognosis with endocrine therapy alone.

Axillary nodal status is the most significant independent
prognostic factor for breast cancer. Currently, sentinel lymph
node biopsy (SLNB) has become the standard procedure for
staging axillary nodal status of patients with early invasive
breast cancer (1-5). The advantages of SLNB in breast cancer
patients include enhanced pathological examination of a small
number of sentinel lymph nodes (SLN), which permits more
frequent detection of micrometastasis and isolated tumor cells
(ITC) by means of pathological examination with serial
sectioning and/or immunohistochemistry (IHC). In fact, some
studies have reported that initially node-negative patients with

conventional pathological examination turned out to be node-
positive with more extensive pathological assessment (6).
However, such an exhaustive examination of each SLN is
unfeasible in daily clinical practice. 

In the meantime, the one-step nucleic acid amplification
(OSNA) has been developed as a rapid procedure for
detecting lymph node (LN) metastasis by targeting
cytokeratin 19 (CK19) mRNA (7). OSNA can be completed
within 30-40 min, making it suitable as an intra-operative
procedure for detecting SLN metastasis (8-12). Since an
entire LN can be examined by OSNA, unlike by routine
pathological examination which examines only a few
representative sections from each LN, micrometastasis is
considered less likely to be missed by OSNA than by a
routine pathological examination. In fact, comparison of for
the detection rates of LN metastasis by OSNA and by
pathology (step-section analysis with immunohistochemistry)
shows a slightly higher rate of detection by OSNA than by
pathology, suggesting that OSNA can detect some
micrometastases missed by pathology (13-15).

Although some aspects remain controversial, a large body
of evidence seems to indicate that micrometastasis of LN, but
not of ITCs, is of significant prognostic importance (6, 16-
18). We, therefore, hypothesized that patients with negative
SLN examined by OSNA (osN0) would have a better
prognosis than those with negative SLN assessed by
pathology (pN0). The aim of this study was, thus, to compare
the prognosis of osN0 and pN0 patients.

Patients and Methods

Patient population. This retrospective study included 508
consecutive patients with estrogen receptor (ER)-positive, human
epidermal growth factor receptor (HER2)-negative, and SLN-
negative invasive breast cancers (T1-2N0) who underwent breast
surgery (breast conserving surgery or mastectomy) with SLNB
between July 2008 and May 2015. For examination of SLN
metastasis, OSNA or pathology was used at the physician’s
discretion with one of the methods described below. ALNs of every
patient were preoperatively examined by ultrasonography (US).
When ALN metastasis was suspected, fine needle aspiration
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cytology (FNAC) was performed and the patients with cytology-
proven ALN metastasis were excluded from the study. This study
was approved by the Ethical Review Board of Osaka University
Hospital (approval number:12423-4). 

Sentinel lymph node biopsy. All patients underwent SLN biopsy
with a combination of patent blue and indocyanine green and/or
radiocolloid (technetium 99m tin-colloid). The methodology of SLN
biopsy has been described in detail in our previous studies (3-5).
SLN (blue) was defined as a lymph node partially or completely
stained by blue dye or directly connected to a blue-stained afferent
lymphatic tract. SLN (radiocolloid) was defined as a lymph node
with ex vivo radioactivity (counts per second) measuring 400% or
more than that of the axillary background. 

OSNA. The method for OSNA has been described previously in more
detail (10, 12). Briefly, after removal of a very thin slice (1 mm) from
the middle of each SLN for pathological examination, the remaining
LN slice was homogenized in 4 ml of Lynorhag lysis buffer (Sysmex,
Kobe, Japan), pH 3.5, and centrifuged briefly at room temperature,
followed by assessment of two microliters of the supernatant in an
RD-100i system using reverse transcription loop-mediated isothermal
amplification (RT-LAMP). The results were reported according to the
manufacturer’s instructions as negative (<2.5×102 copies/μl), 
+ positive (≥2.5×102 and <5.0×103 copies/μl =micrometastasis), 
++ positive (≥5.0×103 copies/μl= macrometastasis), or + i (inhibited
in the regular sample and ≥2.5×102 copies/μl in the diluted sample)
(7). Patients classified as + i were also considered positive. The
quantity of LN available for one OSNA reaction weighed between 50
mg and 600 mg. If the removed SLN weighed more than 600 mg, the
node was divided into two sections for separate assays by OSNA.

Pathological examination. A 2-mm thick slice was cut from the
middle of each SLN for intraoperative frozen section examination.
The remainders of the SLN as well as the slice subjected to frozen
section examination were fixed in 10% buffered formalin. The
remainder of the SLN was sectioned into 2-mm slices, and
embedded in paraffin. The remaining slices subjected to frozen
section were also embedded in paraffin. The paraffin sections (4
μm) of these SLNs were subjected to Hematoxylin Eosin (HE)
staining and immunohistochemistry with an anti-cytokeratin
antibody (AE1/3) (Nichirei, Tokyo, Japan) as described previously
(3-5). For the present study, micro- and macro-metastases, but not
isolated tumor cells (ITCs), were classified as metastases. The thin
slice (1 mm) cut from the SLN before analysis by OSNA was also
examined by HE staining.

Determination of ER, progesterone receptor (PR), Ki67 and HER2. ER,
PR, and Ki67 expression in tumor tissues was immunohisto-chemically
examined with a previously described method (19). ER and PR were
defined as positive when 10% or more of the tumor cells stained
immunohistochemically positive. Ki67 was defined as positive when
20% or more of tumor cells stained positive. HER2 was determined
immunohistochemically and/or by means of fluorescence in situ
hybridization (FISH). When a tumor showed +3 immunostaining or the
FISH ratio was ≥2.0, it was considered HER2 positive. 

Adjuvant therapy. Every patient was treated with adjuvant endocrine
therapy (tamoxifen or tamoxifen plus LH-RH agonist for
premenopausal women, and tamoxifen or aromatase inhibitor for

postmenopausal women), and the decision as to adjuvant
chemotherapy was made by the physician concerned, taking into
consideration age, tumor size, histological grade and Ki67 (≥20%).
Every patient treated with breast conserving surgery received
radiation therapy (50 Gy) to the whole breast and none of the
patients treated with mastectomy was given radiation therapy.

Statistical analysis. JMP_ 14.0 (SAS Institute Inc., Cary, NC, USA)
software was used for the statistical analyses in this study. Chi-
square test and Fisher’s exact test were used for comparing the
clinicopathological factors of two groups. Distant relapse-free
survival (DRFS) was defined as the time from surgery to distant
recurrence of breast cancer. Disease-free survival (DFS) events
included ipsilateral breast cancer recurrence, local/regional
recurrence, distant recurrence, or death from any cause. Overall
survival (OS) was defined as the time from surgery to death from
any cause. DRFS, DFS, and OS rates were estimated using the
Kaplan–Meier survival curve and compared for the two groups with
a log-rank test. Multivariate analysis of various parameters
associated with DRFS was conducted using Cox’s proportional
hazard regression models. A p-value of <0.05 was considered
significant.

Results
Patients analyzed. SLNs of 508 patients with ER+/HER2– and
clinically node-negative invasive breast cancers (T1-2N0M0)
were subjected to OSNA (376 patients) or pathological
examination (132 patients) at the physician’s discretion. SLN
metastasis was found in 113 patients (30.1%) by OSNA and
25 patients (18.9%) by pathological examination (Figure 1).
Detection of positivity for SLN metastasis by OSNA was
significantly higher than that by pathology (p=0.014). Of the
113 OSNA-positive patients, 71 were assessed as + positive
(=micrometastasis), 37 were assessed as ++ positive
(=macrometastasis) and 5 were assessed as + i. Of the 25
pathology-positive patients, 16 were diagnosed as
macrometastasis and 9 were diagnosed as micrometastasis.

Of the 263 patients with negative SLN detected by OSNA
(osN0), 239 were treated with adjuvant endocrine therapy
alone (osN0-ET group), and of the 107 patients with negative
SLN identified by pathology (pN0), 103 were treated with
adjuvant endocrine therapy alone (pN0-ET group) (Figure 1).
The osN0-ET group included only one patient with
micrometastasis detected histologically in a 1-mm slice cut
from the center of an SLN. The clinicopathological
characteristics of the osN0-ET group and pN0-ET group are
shown in Table I. There was no significant difference in any
clinicopathological characteristics between the two groups.
There were also no differences in the number of removed and
examined SLNs between the two groups. The median follow-
up was 60 months (range=12-120 months). 

Prognosis of osN0 or pN0 patients. DRFS, DFS, and OS of
the patients in the osN0-ET group and pN0-ET group are
shown in Figure 2. DRFS was significantly better (p=0.044)
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in the osN0-ET group than the pN0-ET group (Figure 2A),
and the osN0-ET group tended to show a better DFS than the
pN0-ET group although the difference was not statistically
significant (Figure 2B). OS of the two groups was similar
(Figure 2C). Multivariate analysis revealed that osN0 and
positive progesterone receptor were significantly associated
with favorable DRFS (p=0.019 and p=0.042, respectively)
(Table II).

Discussion

Several studies have compared SLN positivity detected by
OSNA and pathology (13-15, 20). In the studies reported by
the other investigators listed in Table III, an entire SLN was
examined for detection of SLN metastasis by OSNA or by
pathology using step sections with immunohistochemistry
for cytokeratins. All five studies including ours, found that
the ratio of SLN positivity detected by OSNA was higher
than that detected by pathology, and two studies showed a
statistically significant difference. In addition, when all the
studies were combined, a statistically significant difference
in SLN positivity was observed between OSNA and
pathology (p=0.0050). Interestingly, Santaballa et al.
reported a significant difference (p=0.0007) in positivity for
micrometastasis between OSNA (11.0%) and pathology
(3.6%), but not in macrometastasis (16.5% and 20.1%,

respectively) (14). Taken together, these results seem to
suggest that OSNA is less likely to miss micrometastasis
than pathology, which has an inherent risk of missing
micrometastasis between the cut surfaces of an SLN used for
pathological examination.  

Until now, two studies have reported on the relationship
between OSNA and prognosis. Peg et al. found that the total
tumor load (TTL; defined as the total number of CK19
mRNA copies in all positive SLNs) significantly correlated
with DFS and OS and a low-risk group could be
differentiated from a high-risk group by using a TTL cut-off
value of 2.5×104 (21). Osako et al. reported that osN0
patients showed an excellent prognosis (5-year DRFS
=98.0%) which is consistent with our results (22). However,
no reported studies have compared prognosis for osN0 and
pN0 patients. In the study presented here, osN0-ET patients
showed a significantly better DRFS than did pN0-ET patients.
It is speculated that a significant proportion of SLN
micrometastases could not be identified (i.e., occult
metastases) by routine pathological examination, but could by
OSNA. Thus, the reason for the better DRFS of the osN0-ET
group than the pN0-ET group is thought to be attributable to
inclusion of a higher proportion of patients with SLN occult
metastasis in the latter group. Weaver et al. reported that
meticulous multistep section analysis revealed occult
metastases (isolated tumor cells (11.1%), micrometastases
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Figure 1. Flowchart of patient selection. ER: Estrogen receptor; HER2: human epidermal growth factor receptor 2; OSNA: one-step nucleic acid
amplification; ET: endocrine therapy; CT: chemotherapy.



(4.4%), and macrometastases (0.4%)) in SLNs initially
classified as negative by a routine histological examination,
and these previously occult metastases had a small but
significant impact on OS, DFS, and distant disease-free
interval (16). It has been reported that 9-32% of patients with
negative LNs, identified by various pathological methods,
were found to have occult metastasis following meticulous
examination (6). This indicates that a significant proportion
of patients with SLN metastasis may be underdiagnosed as
being without SLN metastasis by routine histological
examination. On the other hand, it can be expected that osN0
patients are less likely to harbor occult metastasis since the
entire SLN is examined by OSNA.

Another interesting finding of this study is the attainment
of an excellent prognosis for the osN0-ET group, which is
equivalent to that for patients at low-risk identified by
Oncotype DX in the Trial Assigning IndividuaLized Options
for Treatment (Rx), the TAILORx study (23). Only 9.1% of
patients with ER+/HER2– and osN0 breast cancer in our
study were treated with adjuvant chemotherapy, the
indication for which was determined essentially according to
the histological grade and Ki67. Thus, the patients treated
with adjuvant chemotherapy showed a higher proportion of
grade III tumors and Ki67-high tumors (Table IV).
Chemotherapy could be avoided for as many as 90.9 % of
the patients with ER-positive/HER2-negative/osN0 breast
cancer, who attained an excellent prognosis. According to
meta-analysis on Oncotype DX in actual practice (24), this
genomic test could avoid chemotherapy for 55.1-78.7 %
(pooled mean, 72.0%) of ER+/HER2– and pN0 patients.
More recently, the TAILORx study reported that 86% of the
patients with ER+/HER2– and pN0 breast cancer can be
spared adjuvant chemotherapy (25). Even when taking into
consideration the fact that SLN positivity is higher (Table
III) when detected by OSNA than by pathology, the final
proportion of ER+/HER2– and clinically node-negative
patients for whom adjuvant chemotherapy can safely be
avoided is thought to be similar for OSNA and Oncotype
DX. These results seem to suggest the possibility that an
accurate determination of SLN status using OSNA may be
clinically useful for the selection of patients with an
excellent prognosis who can be safely treated with adjuvant
endocrine therapy alone, and the capability of this diagnostic
assay to select such patients may be no worse than that of
Oncotype DX.
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Table I. Clinicopathological characteristics of patients entered in this
study.

Characteristic                         osN0-ET group   pN0-ET group  p-Value
                                                     (n=237)                (n=103)              

Age                                                      
  Median                                     58 (29-90)           56 (25-85)         0.35
Menopausal status                              
  Premenopausal                      100 (42.6 %)        43 (41.7 %)        0.95
  Postmenopausal                    133 (56.6 %)        58 (56.3 %)           
  Unknown                                  4 (1.7 %)             2 (1.9 %)             
Tumor size (cm)                                 
  Median (range)                        1.4 (0-5.0)           1.5 (0-5.0)         0.34
  Mean                                          1.5±0.7                1.6±0.9              
  Unknown                                  8 (3.4 %)             4 (3.9 %)             
T                                                         
  T1                                          206 (86.9 %)        81 (78.6 %)       0.065
  T2                                           31 (13.1 %)         21 (20.4 %)           
  Unknown                                   0 (0 %)               1 (1.0 %)             
PR                                                        
  Positive                                  199 (84.0 %)        88 (85.4 %)        0.73
  Negative                                 38 (16.0 %)         15 (14.6 %)           
Type                                                    
  IDC                                        200 (84.7 %)        86 (83.5 %)        0.95
  ILC                                          17 (7.2 %)            8 (8.7 %)             
  Special types                           19 (8.0 %)            9 (5.3 %)             
Histological Grade                             
  Grade 1                                  141 (60.8 %)        68 (66.0 %)        0.39
  Grade 2                                   84 (36.2 %)         31 (30.1 %)           
  Grade 3                                     5 (1.9 %)             4 (3.9 %)             
  Unknown                                  2 (0.9 %)               0 (0 %)               
Surgery                                                
  Breast conserving surgery    144 (60.8 %)        55 (53.3 %)        0.21
  Mastectomy                            93 (39.2 %)         48 (46.6 %)           
Adjuvant endocrine therapy                                                                
  Tamoxifen                               76 (31.8%)          32 (31.1%)        0.82
  Aromatase inhibitor              126 (52.7%)         53 (51.5%)            
  Tamoxifen+LH-RHa              35 (14.6%)          18 (17.5%)            

osN0: Patients with SLN-negative examined by One-step nucleic acid
amplification (OSNA); ET: endocrine therapy; pN0: patients with SLN-
negative examined by pathology; PR: Progesterone receptor; IDC:
invasive ductal cancer; ILC: invasive lobular cancer; LH-RHa: LH-RH
agonist.

Table II. Multivariate analysis of prognostic parameters for DRFS.

                                                                          Multivariate analysis

Parameters                                       Hazard Ratio (95%CI)         p-Value

Tumor size                                                                                           
   >2 cm vs. ≤2 cm                             2.10 (0.40-10.02)                0.36
Progesterone receptor                                                                         
   Negative vs. Positive                       5.08 (1.07-25.87)               0.042
Ki67 LI                                                                                                
   ≥20% vs. <20%                               2.14 (0.37-12.63)                0.38
Menopausal status                                                                               
   Post. vs. Pre.                                    1.83 (0.31-14.50)                0.51
Method for N0 determination                                                             
   pN0 vs. osN0                                   6.06 (1.35-33.32)               0.019

DRFS: Distant relapse-free survival; osN0: patients with SLN-negative
examined by one-step nucleic acid amplification (OSNA); pN0: patients
with SLN-negative examined by pathology; Pre: premenopausal; Post:
postmenopausal.
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Figure 2. Kaplan–Meier analyses of relapse-free, disease-free and overall survival. A) Results of Kaplan–Meier analyses of distant relapse-free
survival across the two groups. B) Results of Kaplan–Meier analyses of disease-free survival across the two groups. C) Results of Kaplan–Meier
analyses of overall survival across the two groups. osN0, the patients with negative SLN examined by one-step nucleic acid amplification (OSNA);
pN0: patients with negative SLN examined by pathology.



In conclusion, patients with ER+/HER2– and osN0 breast
cancer treated with endocrine therapy alone showed better
DRFS than those with ER+/HER2– and pN0 breast cancer.
SLN micrometastasis missed by a routine pathological
examination, but not by OSNA is speculated to have a
negative impact on this finding. However, since our results
are based on the findings of a retrospective study, they need
to be validated by a prospective study including a larger
number of patients.
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lobular cancer.
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