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Abstract. Avoiding axillary node clearance in patients with 
early stage breast cancer and low‑burden node‑positive axil‑
lary disease is an emerging practice. Informing the decision to 
adopt axillary conservation is examined by comparing routine 
preoperative axillary staging using ultrasound (AUS) ± AUS 
biopsy (AUSB) with intraoperative staging using sentinel 
lymph node biopsy (SLNB) and a one‑step nucleic acid 
cytokeratin‑19 amplification assay (OSNA). A single‑centre, 
retrospective cohort study of 1,315 consecutive new diagnoses 
of breast cancer in 1,306 patients was undertaken in the present 
study. An AUS ± AUSB was performed on all patients as part 
of their initial assessment. Patients who had a normal ultra‑
sound (AUS‑) or negative biopsy (AUSB‑) followed by SLNB 
with OSNA ± axillary lymph node dissection (ALND), and 
those with a positive AUSB (AUSB+), were assessed. Tests for 
association were determined using a χ2 and Fisher's Exact test. 
A total of 266 (20.4%) patients with cT1‑3 cN0 staging received 
271 AUSBs. Of these, 205 biopsies were positive and 66 were 
negative. The 684 patients with an AUS‑/AUSB‑assessment 
proceeded to SLNB with OSNA. AUS sensitivity and negative 
predictive value (NPV) were 0.53 [0.44‑0.62; 95% confidence 
interval (CI)] and 0.58 (0.53‑0.64, 95% CI), respectively. 
Using a total tumour load cut‑off of 15,000 copies/µl to predict 
≥2 macro‑metastases, the sensitivity and NPV for OSNA 
were 0.82 (0.71‑0.92, 95% CI) and 0.98 (0.97‑0.99, 95% CI) 
(OSNA vs. AUS P<0.0001). Of the AUSB+ patients, 51% had 
≤2 positive nodes following ALND and were potentially 

over‑treated. Where available, SLNB with OSNA should 
replace AUSB for axillary assessment in cT1‑2 cN0 patients 
with ≤2 indeterminate nodes seen on AUS.

Introduction

Patients with a new diagnosis of early breast cancer require 
axillary node staging to quantify regional metastatic involve‑
ment, and this provides key prognostic information used for 
determination of individual treatment plans. Staging of the 
axilla prior to surgery using ultrasound ± axillary ultrasound 
(AUS)‑guided biopsy (AUSB) and routine fixation with haema‑
toxylin and eosin (H&E) staining, is frequently performed to 
obtain detailed information in patients newly diagnosed with 
breast cancer (1,2). The removal of all axillary nodes with an 
axillary lymph node dissection (ALND) is recommended in 
patients with a positive biopsy. When the biopsy is negative, 
operative assessment is required with a sentinel lymph node 
(SLN) biopsy (SLNB) (1). When the SLNB is found to be 
free from metastatic disease, no further axillary treatment is 
recommended.

Patients with early stage (T1‑2) disease, ≤2 macro‑ 
metastatic SLNs who are treated with SLNB alone, breast 
conservation surgery, whole‑breast radiotherapy and adjuvant 
systemic therapy exhibit similar disease‑free and overall 
survival rates compared with those who undergo ALND (3,4). 
As such, ALND may be considered unnecessary or in excess 
for treatment of patients with early breast cancer and a low 
burden of axillary node involvement. A routine decision to 
proceed with ALND following the return of a single positive 
biopsy from AUSB may thus be out of step with emerging and 
contemporary practice.

A reliable intraoperative technique that identifies, quantifies 
and predicts axillary lymph node involvement may offer 
selective and more conservative surgical treatment of the axilla 
in a single procedure. ALND, and its associated increased risk 
of morbidity, may be avoided whilst also providing benefits 
to these patients, conserving resources and remaining in 
compliance with emerging clinical practice guidelines (3,5). 
SLNB combined with an intraoperative molecular‑based 
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assessment, one‑step nucleic acid cytokeratin‑19 (CK‑19) 
amplification assay (OSNA), provides an objective whole‑node 
assessment of SLN disease burden that is independent of the size 
or number of lymph nodes tested (6). For these reasons, OSNA 
possesses greater potential for predicting residual axillary 
nodal involvement compared with routine histopathological 
assessment, as histopathological assessment does not offer 
timely intraoperative SLN evaluation, is subjective, categorical 
and is at increased risk of sampling errors with sub‑total node 
assessment (7,8). OSNA amplifies CK19 mRNA in SLN 
samples, typically providing a quantitative measurement of 
metastatic disease burden within 35 min. OSNA can be used 
to inform prognosis and stratify nodal disease burden into 
negative, micro‑metastatic, ≤2 node macro‑metastatic, and >2 
and >4 node macro‑metastatic levels (7‑11). The total CK19 
mRNA copy number of a SLNB [(total tumour load (TTL)] 
may predict non‑SLN (NSLN) involvement and axillary node 
disease burden, facilitating the decision to proceed with, or 
avoid complete ALND.

OSNA is currently used in >300 centres across Europe and 
in Japan (Sysmex Europe GmbH). It has been fully validated 
and was approved for routine clinical use in the UK by the 
National Institute of Clinical Excellence (NICE) in 2013 (12). 
In routine operating practices, SLNB is performed first and 
the node(s) are sent to the pathology department for OSNA. 
Whilst awaiting the results, the surgeon will continue with 
the primary breast procedure and, when appropriate, closure 
of the primary breast wound. However, ~70% of OSNA 
procedures are negative. The latest analyser can return results 
within 35 min so there is essentially no delay introduced by 
the procedure. The cost‑effective savings and improvements 
in the patient care are provided by proceeding to perform a 
single procedure for the ~30% of patients who actually require 
ALND. There is no need for the patient to return to hospital for 
ALND. There is no duplication of theatre time, anaesthetic or 
surgical resources (including time, reusables, disposables and 
surgical instrument re‑sterilization). There is no inconvenience 
to the patient with a return to hospital, and operating theatre 
availability is increased downstream for other patients. NICE 
concluded that the RD‑100i OSNA system was likely to be a 
cost‑effective use of resources, equally or more cost effective 
than postoperative histopathology (12). Fiscal savings in terms 
of reduced secondary surgeries and bed occupancy (in 2015) 
were potentially worth €150 per patient (12‑14).

The aim of the present study was to compare the accuracy 
and utility of SLNB with OSNA to AUSB with routine histo‑
chemistry in staging the axilla of patients with a new diagnosis 
of early breast cancer. Using a retrospective cohort study of 
consecutive patients over a 3‑year period, an extended role for 
OSNA to define a group of patients for whom pre‑operative 
assessment of nodal staging with AUSB is redundant and 
may represent an unnecessary physical intervention with 
duplication of pathology resources was identified.

Patients and methods

Patients. The present study was a retrospective, single‑centre 
cohort study of consecutive patients, treated between 
December 2012 and August 2015, with primary invasive cT1‑3 
breast carcinoma. All patients received AUS ± AUSB, and 

the patients were divided into two main groups: i) Patients 
with a single positive AUSB (AUSB+) who proceeded to 
ALND (median age, 61.2 years; age range 23‑93; 191 female, 
0 male) and ii) patients with a normal AUS or negative biopsy 
(AUSB‑) followed by SLNB with OSNA ± ALND (median 
age, 54.2 years; age range, 23‑92; 687 female, 4 male).

Patient data were anonymized and collected retrospec‑
tively, without influence on patient therapy. The present study 
was approved by the Clinical Effectiveness Unit of Sheffield 
Teaching Hospitals NHS Trust. As part of a service evalua‑
tion of two standardised diagnostic interventions, there was 
no requirement to obtain informed consent from the patients. 
No patient was interviewed or surveyed, and no identifiable 
patient data were used in the study. Therefore, consent for 
participation from patients was waived.

Patients who received neo‑adjuvant chemotherapy prior to 
AUS ± AUSB, underwent ipsilateral axillary surgery, or had 
recurrent disease or extensive ductal carcinoma in situ (DCIS) 
without invasion were excluded. Bilateral breast cancer cases 
were treated as separate entities. A threshold of 1‑2 metastatic 
SLNs was used as a surrogate measure of low‑burden axil‑
lary node disease. This threshold corresponds to the level 
reported in the American College of Surgeons Oncology 
Group (Alliance) ACOSOG Z0011 trial (3,4). Analysis 
was performed on the whole patient group and a subset of 
patients, separately identified from the whole group, who 
met the full criteria of the ACOSOG Z0011 trial; that is, no 
pre‑operative chemotherapy, T1 or T2 tumour, 1 or 2 positive 
SLN's, breast‑conserving surgery and planned whole breast 
radiotherapy. ACOSOG trial selection criteria compliant 
patient characteristics are not detailed since patient outcomes 
(such as local recurrence, disease‑free or overall survival) 
are not measured or relevant, and trial outcomes comparison 
unintended. In contrast with the ACOSOG Z0011 study, all 
patients in the present study underwent AUS prior to breast 
surgery. Those with an abnormal lymph node morphology 
underwent immediate ultrasound guided biopsy, and those 
with confirmed metastatic disease were recommended to 
undergo ALND without SLNB ± OSNA, the protocol used at 
the time of this study.

Pre‑operative assessment of the axilla. B mode ultrasound 
examination of the axilla was performed by experienced breast 
radiologists and advanced breast practitioners, following a 
standardised protocol (15). With the patient placed in a supine 
position and the ipsilateral hand resting behind the head, the 
axilla was scanned in a longitudinal (L) and transverse (T) 
direction using a Siemens Acuson S2000 18L6 high‑density 
high frequency linear‑array transducer (5.5‑18.0 MHz; 
Siemens AG). Lymph nodes with an abnormal appearance 
were identified using qualitative criteria including size, oval 
or round shape, absent fatty hilum, abnormal peripheral blood 
flow, sharpness of the margin and focal thickening of the 
cortex (16‑18). These nodes were targeted and the L/T axis ratio 
(Solbiati index), hilum and cortical thickness were measured. 
If there was >1 abnormal node in the axilla, the most morpho‑
logically abnormal node was sampled. Lymph nodes with an 
absent fatty hilum, L/T index <2 and/or cortical thickness 
>2.9 mm were biopsied, under direct ultrasound guidance, 
using local anaesthetic and a 90 mm 18 g core‑cut needle with 
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automated throw (Achieve programmable automatic biopsy 
system; CareFusion).

SLN identif ication and OSNA. SLNB was performed 
using a standard protocol using a combination of radio‑
pharmaceutical and blue dye (19). 99mTc‑labelled albumin 
nanocolloid (Nanocoll®; GE Healthcare) was injected intra‑
dermally (0.1‑0.5 ml) at a single periareolar site corresponding 
to the tumour quadrant; 40 MBq the day before surgery or 
20 MBq on the day of surgery. Patent Blue V Dye (Laboratoire 
Guebert; 2 ml undiluted) was injected subdermally at a single 
periareolar site corresponding to the tumour quadrant imme‑
diately prior to surgery. Under general anaesthetic, SLNs 
were identified and removed prior to breast tumour excision, 
and sent on ice to the Pathology Department; no more than 
2 nodes were sent for assessment by OSNA. Any additional 
SLNs were sent for routine fixation, H&E staining and delayed 
reporting (20). Therapeutic local excision, therapeutic mammo‑
plasty or mastectomy was performed as part of the planned 
breast cancer treatment. Each SLN, trimmed of fat, was 
weighed and recorded. SLNs weighing <50 mg were too small 
to be processed by OSNA, and therefore used for routine histo‑
logical assessment. SLNs weighing >600 mg were divided into 
two or more pieces and processed separately, and the results 
combined. The OSNA assay was performed according to the 
manufacturer's protocol (Sysmex Europe GmbH) (6). Each 
SLN was homogenized in 4 ml homogenizing buffer on ice. 
The lysate was centrifuged to remove fat, cellular debris and 
other contaminants, and the mRNA containing supernatant 
was extracted and diluted. A 2 µl aliquot of the buffered lymph 
node lysate was used for automated quantitative amplification 
of CK19 mRNA via reverse transcription loop‑mediated 
isothermal amplification (RT‑LAMP) using a ready‑to use 
reagent kit on a RD‑100i system (Sysmex Europe GmbH). 
The rate of amplification was measured spectrophotometri‑
cally and the CK19 copy number calculated by comparison 
to a standard curve. Based on the number of CK19 mRNA 
copies/µl, the result was assessed in accordance with the cut‑off 
levels determined by Tsujimoto et al (6) with non‑metastatic 
as <250 copies/µl, micro‑metastasis as 250‑5,000 copies/µl 
and macro‑metastasis defined as >5,000 copies/µl of CK19 
mRNA. The OSNA results were communicated by telephone 
to the surgeon within 45 min of sample receipt. Patients with at 
least one macro‑metastasis on intraoperative OSNA analysis 
underwent levels I, II and III ALND. Between December 2012 
and June 2013, a positive OSNA result for one or two nodes 
with micro‑metastases meant the patient immediately under‑
went ALND. In June 2013, the departmental protocol was 
amended to recommend the removal of two further nodes for 
routine histological processing with a delayed ALND if these 
returned macro‑metastatic involvement. All remaining lymph 
nodes not used for OSNA were processed according to the UK 
Breast Cancer pathology protocol (20). Lymph nodes <5 mm 
were bisected whereas larger nodes were sectioned into 3 mm 
single sections and assessed using H&E staining.

Statistical analysis. For statistical analysis, when ≥2 SLNs 
were involved, the combined value of CK19 mRNA copies 
was calculated. The TTL was defined as total CK19 mRNA 
copy number in all the positive SLNs (copies/µl). The TTL of 

the macro‑metastatic SLNB sample was compared with the 
total lymph node status and NSLN status of ALND, following 
routine histological assessment with H&E staining. For subset 
data interpretation, the TTL was set at 5,000 copies/µl for 
recommendation of ALND and 15,000 copies/µl as a threshold 
of 2 positive nodes (10). Tests for association were determined 
using a χ2 test or Fisher's Exact test between the AUSB group 
and the SLNB/ALND group. All tests were two‑tailed and 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Between December 2012 and August 2015, there were 1,315 
new diagnoses of cT1‑3 carcinoma in 1,306 consecutive 
patients. Of these, 266 (20.4%) patients with cT1‑3 cN0 staging 
received 271 AUSBs as part of their assessment; 205 AUSB+ 
and 66 AUSB‑. Based on the results, 23 cases (14 AUSB+ 
and 9 AUSB‑) were excluded from the 271 AUSB analyses; 
9 patients were treated with primary endocrine therapy only, 
8 patients had DCIS only on subsequent pathological reporting, 
3 patients had metastatic disease on presentation, 2 patients 
had recurrent disease and 1 patient had a contralateral lymph 
node biopsy diagnosing intercurrent chronic lymphocytic 
leukaemia. Complete AUSB assessment was performed on 191 
AUSB+ and 57 AUSB‑biopsies.

A total of 700 SLNB with OSNA procedures were 
performed in 691 patients with an AUS‑/AUSB‑assessment. 
A total of 16 cases were excluded from this group; 15 patients 
had extensive DCIS only on the final histological analysis, and 
1 patient had received incomplete neo‑adjuvant therapy (Fig. 1). 
The remaining 349/1,306 patients had normal AUS assess‑
ments and did not proceed to SLNB with OSNA for multiple 
reasons including advanced age and/or concurrent illness (unfit 
for surgery), metastatic disease at presentation, previous ipsi‑
lateral axillary surgery or a decision to provide neo‑adjuvant 
chemotherapy or primary endocrine therapy. Macro‑metastatic 
lymph node involvement was finally diagnosed in 348/971 
of the axillae studied (35.8%); 279 of these 348 axillae were 
further characterised as >2 or ≤2 macro‑metastatic disease 
burden by ALND. The remaining 69/348 were lost to treat‑
ment naïve ALND analysis by above and below mentioned 
exclusions, including standard pre‑ALND treatment means.

Of the 191 AUSB+ assessments, 137 proceeded directly 
to ALND; 54 were censored after treatments that precluded 
further analysis of nodal involvement (31 received chemo‑
therapy, 19 received primary endocrine therapy only, 3 had 
breast only surgery for local control and 1 received radio‑
therapy only). A total of 70/137 (51%) of the AUSB+ patients 
who subsequently underwent ALND had ≤2 positive nodes. 
For an AUSB+, estimating a nodal burden of >2 (positive) 
axillary lymph node metastases was expressed as the sensi‑
tivity and negative predictive value (NPV) of AUS of 0.53 
[(0.44‑0.62), 95% confidence interval (CI)] and 0.58 (0.53‑0.64, 
95% CI), respectively (Table I). The false negative rate (FNR) 
of AUSB correctly predicting an axillary node burden of >2 
macro‑metastatic nodes was 47% (accuracy, 53.8%).

The sensitivity and NPV for SLNB + OSNA, using a TTL 
cut‑off of 15,000 copies/µl for predicting >2 macro‑metastases, 
were 0.82 (0.71‑0.92, 95% CI) and 0.98 (0.97‑0.99, 95% CI; 
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P<0.0001, OSNA vs. AUS) for all patients (Table II) and 0.87 
(0.73‑1.0) and 0.99 (0.99‑1.0; P<0.0001, OSNA vs. AUS) for 
patients matched to the ACOSOG Z0011 trial inclusion criteria, 
identified and analysed separately (Table III). The FNR of 
SLNB + OSNA correctly predicting an axillary node burden 
of >2 macro‑metastatic nodes was 18% (accuracy, 87.6%) in 
the whole group and 13% (accuracy, 90.8%) for the Z0011 
matched group. The NPV for all axillae not associated with 
breast conserving surgery was 0.949 (95% CI, 0.906‑0.973).

Discussion

The clinical utility of AUS ± AUSB to stage clinically 
node‑negative early breast cancer is contested. The ACOSOG 
Z0011 trial, and several other studies have reported that 
patients with low burden axillary node involvement do not 
require ALND, demonstrating no adverse impact on locore‑
gional control or overall survival (3,4,21‑23). These findings 
are resulting in surgical practice moving towards selective 
conservation of the node involved axilla (4,5,24,25). In the 
present study, 51% of patients with AUSB+ had ≤2 involved 
nodes following ALND. This observation is consistent with 
the findings of other studies, which reported between 41‑52% 
of cases (26‑30) and supports the notion of excess treatment 
in a substantial proportion of patients. As an instrument for 
deciding between ALND and axillary conservation, AUSB+ 
alone does not provide sufficient discrimination, particularly 
in Z0011 criteria compliant patients. Meeting the demands of 
emerging clinical practices to confidently deliver conservative 
management of the low‑burden node‑positive axilla in early 
breast cancer requires scales of quantification and stratification 

of axillary nodal disease burden greater than that provided by 
AUS ± AUSB (31).

The sensitivity of AUS assessment is highly dependent on 
the prevalence and extent of axillary tumour burden (26,32‑35). 
Stachs et al (15) reported AUS sensitivity of 45.2%, similar 
to the present study. With regards to avoiding unnecessary 
ALND surgery and its associated complications, the sensi‑
tivity and specificity of AUSB calculated in the present study 
questions the logic of performing the procedure when only 
one node, or possibly two or have appearances considered 
indeterminate on imaging in this group of patients. These 
findings suggest that AUSB should not be performed routinely 
in patients with a new presentation of cT1‑2 cN0 breast cancer, 
but used selectively when the ultrasound analysis identifies 
multiple (>2) node involved, in disagreement with the clinical 
findings.

Nodal macro‑metastases were present in 35.8% (348/971) 
of the present cohorts' axillae. Just over half of these (59%; 
205/348) were detected, but not quantified, by AUS assess‑
ment. On the other hand, a negative AUS assessment did 
not exclude the possibility of lymph node metastases. Of the 
AUSBs, 66/271 (24.3%) were negative, of which 13/57 (22.8%) 
AUSB‑axillae and 130/700 (18.6%) AUS‑axillae had 
macro‑metastatic nodal disease following ALND. The 
SLNB FNR is inversely related to the number of nodes 
removed (36), supporting the observation of a high FNR 
for AUSB with sub‑total, core‑cut biopsy of a single node. 
In the present study, the observed mean yield of 1.94 SLNs 
for OSNA TTL per patient, is in agreement with a median 
of 2 SLN observed in >11,000 patients in the ACOSOG 
Z0011 trial, the New Start programme and the AMAROS 

Figure 1. Cohort distribution flow chart. SLNB, sentinel lymph node biopsy; OSNA, One‑step Nucleic Acid Amplification; ALND, axillary lymph node dissec‑
tion; NSLN, non‑sentinel lymph node; AUSB, axillary ultrasound biopsy; +, positive node (metastatic disease present); ‑, negative node (metastatic disease 
absent); MICRO, micro‑metastases; MACRO, macro‑metastases; ALNS, axillary lymph node sample.
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trial, collectively (4,37,38). The standard technique of SLNB 
has an FNR of <9% for two nodes (36). However, axillary 
recurrence risk remains low, even with a range of reported 
SLNB FNR varying between 6.7‑14.8% (19,36,39,40). OSNA, 
with an FNR of 1.4%, adds very little to the overall FNR (41). 

The NPV for all axillae not associated with breast conserving 
surgery is 0.949 (95% CI, 0.906‑0.973). This finding suggests 
that whenever the OSNA TTL is below the cut‑off threshold 
of 15,000 copies/µl, it is likely to be correct in predicting an 
axillary lymph node burden of ≤2 positive nodes 94.9% of 
the time. This patient cohort (that is, those not undergoing 
breast conserving surgery) includes patients with T3 tumours 
who are outside the criteria of ACOSOG but within the whole 
cohort analysis of this study. The FNR of 5% in this group 
is also well below the FNR of SLNB for one and two nodes.

Moorman et al (34) reported that only 9.6% of 
1,060 patients (with T1‑2 cN0 disease and a maximum of 
2 SLNs with macro‑metastases) had >2 positive axillary nodes 
on ALND, estimating the risk of having >2 positive nodes 
at 2.2% for pT1‑2. The present study reported a similar low 
risk of involvement of >2 positive nodes of 7.9% (54/684 for 
cT1‑3) and 4.6% (23/499 for cT1‑2 cN0) for SLNB + OSNA, 
using a TTL cut‑off of 15,000 copies/µl for predicting >2 
macro‑metastases. The reported rates of isolated axillary 
recurrence in SLN‑disease is ~0.6% after 3 years and 1.1% 
after 5 years (42), similar to the 0.9% (5 years) and 1.5% 
(10 years) for SLN+ disease without ALND in the Z0011 
trial (3,4). Thus, with such low estimates of risk, it seems 
illogical to remain preoccupied with the need to perform 
AUSB, let alone ALND, on patients with cT1‑T2 disease and 
a clinically negative axilla when local recurrence is 2.5‑11x 
more likely to occur in a fully irradiated breast than in 
partially irradiated ipsilateral axilla (3).

SLNB with OSNA, using a TTL cut‑off of 15,000 copies/µl, 
is better than AUSB for assessing nodal involvement in patients 
naïve to breast surgery and radiotherapy, predicting ≥2 nodal 
macro‑metastases and facilitating the decision to perform 
ALND or adopt axillary conservation as defined by ACOSOG 
Z0011 and the National Comprehensive Cancer Network 
guidelines (4,43). The argument that AUSB+ can avoid 
unnecessary SLNB for patients requiring ALND is no longer 
relevant as 51% of AUSB+ patients had ≤2 positive nodes and 
were potentially over‑treated with ALND. The remaining 49% 
of these patients may benefit from ALND, but there is little 
evidence to support the notion that they all will (3,44‑46). 
Where OSNA is available, the present study recommends that 
patients who present with cT1‑2 cN0 breast carcinoma, should 
continue to receive AUS as part of their routine follow‑up, but 
only selectively include AUSB if there appear to ≥3 abnormal 
nodes on imaging. Otherwise, axillary staging is more 
relevant and practical using SLNB with OSNA. Additionally, 
for AUSB+ patients, where ≤2 suspicious nodes are seen on 
AUS, automatic progression to ALND should be challenged 
by using further intraoperative quantitative assessment with 
SLNB and OSNA. The decision to proceed with ALND, or 
adopt axillary conservation, can be determined by OSNA TTL 
quantification.

In conclusion, where available, OSNA should replace 
AUSB as the primary and preferred method for axillary 
assessment in cT1‑2 cN0 patients with ≤2 indeterminate nodes 
on AUS.
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