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Background: One-step nucleic acid amplification (OSNA) analysis is a molecular
diagnostic technique for lymph node metastases (LNMs) by quantifying cytokeratin 19
(CK19) mRNA. We aim to evaluate the intraoperative diagnostic accuracy of OSNA assay
for LNMs of papillary thyroid carcinoma (PTC).

Methods: PubMed, Embase, Cochrane Library, and Web of Science databases were
searched to retrieve related literature. A meta-analysis was performed using STATA11.0,
Meta-Disc 1.4 and RevMan 5.3.

Results: This meta-analysis included six studies involving 987 lymph nodes from 194
patients. The pooled sensitivity, specificity, and area under the summary receiver-
operating characteristic curve (AUC) of OSNA for detecting LNM were 0.88, 0.90, and
0.95, respectively.

Conclusion: OSNA assay is an accurate molecular diagnosis for intraoperative detection
of lymph node metastasis in PTC.

Keywords: papillary thyroid carcinoma, diagnosis, one-step nucleic acid amplification (OSNA), lymph node
metastases, meta-analysis

INTRODUCTION

Papillary thyroid carcinoma (PTC) is the most common endocrine-related malignances. Although
PTC has an excellent prognosis, its incidence of central compartment lymph node metastases
(LNM) is relatively high, reported to be 20-90% (1-3). However, whether the surgical treatment of
PTC requires central neck compartment lymph node dissection (LND) is a controversial topic
because of the potential risks of hypocalcemia and recurrent laryngeal nerve injury and the doubtful
prognostic benefits (4-7). The American Thyroid Association (ATA) recommends that therapeutic
central compartment LND should be performed when LNM has been confirmed before or during
surgery, and prophylactic LND should be performed in high-risk patients with stages T3 and T4 of
the TNM classification (8). Therefore, accurate identification of neck LNM is essential for selecting
the appropriate surgical plan for the treatment of PTC patients.
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Ultrasonography has been routinely used for preoperative
evaluation of PTC patients because of its high sensitivity in
detecting cervical LNM. However, it has poor accuracy for
central lymph node compartment, the most frequent site of
lymph node metastasis of PTC. According to reports, occult
LNM was detected by pathological examination in up to 50% of
patients who had no clinical evidence of LNM (cNO) on
preoperative imaging (7, 9). As other tumors, selective sentinel
lymph node (SLN) biopsy has been applied in patients with PTC
to improve the diagnostic performance of LNM (10, 11). SLN
biopsy can reduce the risk of complications associated with
unnecessary LND and avoid a potentially more difficult
reoperation for occult metastatic lymph nodes. Intraoperative
frozen section examination was the common method to evaluate
the status of SLN. However, the false negative rate of
intraoperative frozen section examination is as high as 23.3%
(12), and the specificity in detecting micrometastases is limited
(13). Therefore, a more accurate and quick intraoperative
diagnostic technique is urgently needed.

One-step nucleic acid amplification (OSNA) is a rapid and
precise molecular diagnostic method based on reverse
transcription loop-mediated isothermal amplification of
cytokeratin 19 (CK19) mRNA. Recently, it has been introduced
for intraoperative analysis of lymph node involvement in many
tumors such as breast cancer (14), colorectal cancer (15), lung
cancer (16), and endometrial cancer (17). It is known that about
70% of all PTCs have an intense CK19 expression at the
membrane level, and that positive expression can also be seen
in metastatic cells within the lymph nodes (18). Non-metastatic
cells will not express CK19. This leads to the consideration of
OSNA in this case. Several recent studies have investigated the
application of OSNA in PTC (19-24). The purpose of this
systematic review and meta-analysis was to evaluate the
efficacy of OSNA versus routine histopathology in the
intraoperative detection of LNM in PTC.

METHODS

This review was conducted in accordance with the guidelines by
the Preferred Reporting Items for Systematic Review and Meta-
Analyses (PRISMA) (25).

Search Strategy

Four databases (PubMed, Embase, Cochrane Library, Web of
Science) were systematically searched for all relevant studies
regarding the diagnostic accuracy of OSNA published from
January 2006 to January 2021. The following search terms
were used: “one-step nucleic acid amplification” or OSNA and
“papillary thyroid carcinoma” or “papillary thyroid cancer”. The
references of all the eligible papers and reviews articles were
screened for further studies.

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: (1) patients included
in studies had a confirmed pathologic diagnosis of PTC;

(2) evaluating the diagnostic accuracy of OSNA for LNM;
(3) postoperative hematoxylin-eosin (HE) staining was used as
the gold standard in lymph node evaluation; (4) providing
sufficient information for calculating values of true-positive
(Tp), false-positive (Fp), false-negative (Fn), and true-negative
(Tn). Review articles, conference abstracts, letters, case reports,
comments, or non-English literatures were excluded.

Data Extraction and Quality Assessment
Data extraction and quality assessment for each included study
were conducted independently by two reviewers (XF. Wang and M.
Yang). Disagreements are resolved through discussion. Extracted
information includes first author, year of publication, country,
study design, number of patients, number of lymph nodes,
reference standard method, whether immunohistochemistry
(THC) confirmed the expression of CK19 in tumor cell after fine-
needle aspiration biopsy (FNAB) examination of the tumor before
surgery, number of Tp, Fp, Fn, and Tn, and discordant
node results.

The quality of the included studies was assessed using the tool
for Quality Assessment of Diagnostic Accuracy Studies
(QUADAS-2) (26). This tool comprises four key domains:
patient selection, index test, reference standard, and flow and
timing. For each domain, the risk of bias and applicability
concerns (the latter not applying to the flow and timing
domains) were analyzed and rated as low risk, high risk and
unclear risk.

Statistical Analysis

Since threshold effect is an important source of heterogeneity, it
was first evaluated based on Spearman’s correlation coefficient. If
the P-value was more than 0.05, there was no threshold effect.
Heterogeneity caused by non-threshold effect was further
evaluated by Cochran- Q test and I-square statistic. When
P<0.05 or I>50%, which meant existence of significant
heterogeneity, a random-effect model was performed to
calculate the pooled sensitivity, specificity, positive likelihood
ratio (PLR), negative likelihood ratio (NLR), and diagnostic odds
ratio (DOR); otherwise, a fixed effects model was used. The
performance of OSNA over routine histology was assessed by the
area under the curve (sAUC) generated by the summary receiver
operator curve (SROC). Publication bias was evaluated by Deeks’
funnel plot asymmetry test. Statistical software package
STATA11.0 (StataCorp, College Station, TX, USA), Meta-Disc
1.4 (Unit of Clinical Biostatistics, Ramo e Cajal Hospital, Madrid,
Spain), and RevMan 5.3 (Revman, the Cochrane Collaboration)
were used for statistical analyses.

RESULTS
Study Selection

As shown in Figure 1, a total of 32 articles were retrieved
through the search strategy. Of these, 19 duplicate studies were
excluded and then 5 studies were excluded after screening the
titles or abstracts. After further reviewing the full text of the

Frontiers in Endocrinology | www.frontiersin.org

January 2022 | Volume 12 | Article 757766


https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Wang et al.

OSNA for Lymph Node Metastases of PTC

Records identified from
database search (n=32)

A4

Records after duplicates
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for full text view (n=8)

review (n=3)

Excluded (n=2):

v
Articles were included in
the meta-analysis (n=6)

FIGURE 1 | Flow diagram of the study selection process.

remaining 8 articles, 6 articles (19-24) finally satisfied the
eligibility criteria.

Study Characteristics

All the included studies were published between 2014 and 2019
and contained a total of 987 lymph nodes from 194 patients. All
studies compared histological examination with OSNA in
detecting LNM. However, the lymph node workup for
pathological and OSNA examination was different. In four
studies (20, 21, 23, 24), each lymph node was divided into two
halves from the center, the first one for histopathological analysis
and the second for OSNA assay. In another study (19), lymph
node was divided into four blocks, and two discrete quarters were
used for OSNA and histopathology. In the remaining study (22),
lymph node was cut into blocks at 2mm intervals, and
nonadjacent blocks were subjected to either the OSNA analysis
or histological examination. The detailed pathological
examinations were also different in all studies. Two studies (21,
24) adopted HE staining and IHC, two (20, 23) adopted HE

Non-English (n=1)
No related (n=1)

staining and imprint cytology, and two studies (19, 22) applied
HE staining only. The same OSNA system (RD-100i-OSNA,
Sysmex Corp., Japan) and the same cut-off point to define
positive (2250 copies/pl) were used in all studies. Discordant
rate is present between OSNA and histopathological
examination, ranging from 7.6% to 16.2%. The detailed
characteristics of the included studies are given in Table 1.

Risk of Bias and Quality Assessment

There was no evidence of potential publication bias, with
symmetrical appearance on Deek’s funnel plots shape and P
value of 0.79 (Supplementary Figure 1). The quality of
individual study was assessed according to the QUADAS-2. As
shown in Supplementary Figure 2, the risk of bias was low and
the quality of included studies was moderate to high.

Diagnostic Performance
No evidence of a threshold effect was observed, because the
spearman correlation coefficient was -1.00 and P-value was 1.00

TABLE 1 | Characteristics of included studies.

Author Year Country No. of No. of
patients nodes
del Carmen et al. (21) 2016 Spain 37 284
Gonzalez et al. (20) 2015 Spain 5 50
Medas et al. (24) 2019 ltaly 13 26
Iglesias Felip et al. (23) 2019 Spain 35 470
Kaczka et al. (19) 2014 Poland 32 92
Kaczka and Pomorski (22) 2017 Poland 43 65

Tp

75
19
7
75
13
17

Fp Fn Tn Reference Preoperative CK19 Discordantnode
method IHC results(%)

18 14 160 HE/IHC Yes 32 (11.3)

3 2 26 HE/IC Yes 5(10.0)
11 17 HE/IHC Unknown 2(7.7)

74 2 319 HE/IC Yes 76 (16.2)

3 4 72 HE Unknown 7(7.6)

5 3 40 HE Unknown 8(12.3)

Tp, true-positive; Fp, false-positive; Fn, false-negative; Tn, true-negative;

HE, hematoxylin-eosin; IHC, immunohistochemistry; IC, imprint cytology.
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in the threshold analysis. However, there was a significant
heterogeneity caused by non-threshold effects. As shown in
Figure 2, the values of I’ for sensitivity and specificity were
54.48% and 74.22%, respectively. Given the significant
heterogeneity, a random effect model was used for the meta-
analysis. The pooled sensitivity and specificity (Figure 2) of
OSNA for detecting LNM were 0.88(95% CI 0.79-0.94) and 0.90
(95% CI 0.84-0.93), respectively. The pooled PLR and NLR
(Figure 3) were 8.45 (95% CI 5.79-12.33) and 0.13 (95% CI
0.07-0.24), respectively. The pooled DOR (Figure 4) was 64.10
(95% CI 37.49-109.60) and AUC (Figure 5) was 0.95 (95% CI
0.92-0.96), respectively.

DISCUSSION

OSNA has been widely accepted as a standard tool for evaluating
LNM in breast cancer (14, 27, 28). More recently, OSNA has
begun to be applied to other tumors (15-17), but so far, its
application in PTC has not been widely evaluated. Until recently,
some small-sample studies started to evaluated its application in
PTC (19-21, 23). In this study, we meta-analyzed six studies that
assessed the diagnosis value of OSNA. The results indicated that

Studyld : SENSITIVITY (95% CI)
I
|
|
I
|
I
del Carmen 2016 —mt+ 0.84[0.75-0.91]
|
I
Kaczka 2017 —E—I— 0.85[0.62 - 0.97]
|
|
Kaczka 2014 —J.::——}— 0.76 [0.50 - 0.93]
I
|
Iglesias Felip 2019 |—m | 0.97(0.91-1.00)
I
|
|
Medss2019 | ————— 5 | 0.88[0.47-1.00]
|
I
Gonzilez 2015 F}— 0.90 [0.70 - 0.99]
|
|
I
|
|
COMBINED <> 0.88[0.79 - 0.94)
|
|
| Q=10.98. df=5.00, p= 0.05
|
I
l 12 = 54.48 [12.86 - 96.10]

0.5 1.0
SENSTMITY

FIGURE 2 | Forest plots of pooled sensitivity and specificity.

the pooled sensitivity, specificity, PLR, NLR, DOR and AUC of
OSNA assay were 0.88(95% CI 0.79-0.94), 0.90 (95% CI 0.84-
0.93), 8.45 (95% CI 5.79-12.33), 0.13 (95% CI 0.07-0.24), 64.10
(95% CI 37.49-109.60) and 0.95 (95% CI 0.92-0.96) respectively.
Therefore, it seems that OSNA has a higher accuracy in detecting
LNM of PTC. To our knowledge, this is the first meta-analysis to
evaluate the diagnostic accuracy of OSNA in PTC.

In fact, because the current evidence on the effect of
prophylactic central node LND on the prognosis of PTC
patients are controversial, different guidelines on indications
for prophylactic central node dissection are not uniform. The
ATA guideline recommends that prophylactic LND should be
performed in patients with stages T3 and T4 (8). However,
prophylactic central node LND was routinely recommended by
the Japanese Society of Thyroid Surgeons and Japan Association
of Endocrine Surgeons (JSTS/JAES) (29). LND may cause
perioperative complications in a certain proportion of patients,
such as hypoparathyroidism and recurrent laryngeal nerve
injury. Conversely, failure to clean the central lymph nodes
leads to the risk of understaging and undertreatment. In this
context, SLN assessment seems to be a good way to solve this
dilemma. Considering the obvious advantages of patients and
surgeons, the use of SLN in PTC has attracted increasing interest

Studyld : SPECIFICITY (95% CI)
I
I
I
I
|
I
del Carmen 2016 —a 0.90 [0.84-0.94]
|
I
Kaczka 2017 :{-— 0.89[0.76 -0.96]
|
|
Kaczka 2014 -ll—{.\— 0.96[0.89-0.99]
I
|
Iglesiss Felip 2019 —a— | 0.81(0.77-0.85]
I
|
|
Medas 2019 | ——————@— | 0.84[0.72-1.00]
|
I
2015 #— 0.90[0.72-0.98]
|
I
I
|
|
COMBINED <> 0.90[0.84 - 0.93]
|
|
| Q=19.29, df=5.00, p = 0.00
|
I
: 12 = 74.22 [62.99 - 95.44]
T T
07 1.0
SPECIFICTY
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FIGURE 4 | Forest plots of pooled diagnostic odds ratio (DOR).

Studyld : DLR POSITIVE (95% CI) Studyld : DLR NEGATIVE (95% CI)
| |
| |
| |
| 1
| |
del Carmen 2016 —-ﬂ!— 8.33[5.33-13.03] del Carmen 2016 -]ril— 0.17[0.11-0.28]
| |
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I }
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| |
| |
Iglesias Felip 2019 4 | 5.17 [4.20 - 8.27] Iglesias Felip 2019 o 0.02[0.01-0.13]
| |
I }
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Gonzélez 2015 + 8.75[2.97 - 25.76) Gonzilez 2015 —q— 0.11[0.03 - 0.40]
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| |
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FIGURE 3 | Forest plots of pooled positive likelihood ratio and negative likelihood ratio.
Study %
ID DOR (95% Cl) Weight
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FIGURE 5 | Summary receiver operating characteristic (SROC) curve for the
diagnostic accuracy of OSNA assay in detecting lymph node metastases in
papillary thyroid cancer.

(30, 31). Frozen section and/or imprint cytology examination are
the most used intraoperative evaluation methods for SLN.
However, the false-negative rate of these methods is relatively
high, which may be caused by an inevitable random factor in
lymph node sampling, specifically if small volume nodes or
micrometastases are present. In addition, the low quality of the
morphological images provided by the frozen section or imprint
cytology may also lead to an error interpretation.

As showed in breast cancer, the OSNA method can overcome
these problems. In fact, compared with conventional
intraoperative pathological examination, OSNA has obvious
advantages: short turnaround time, objective and repeatable.
OSNA analysis can evaluate four lymph nodes at the same time,
while pathological evaluation can only evaluate one lymph node at
once (32). The turnaround time of OSNA to detect one nodule is
all less than 40 minutes, which indicates that OSNA can meet the
time requirements for rapid diagnosis of lymph nodes and can be
incorporated into the intraoperative clinical setting. In addition,
the turnaround time can be further shortened with the
accumulating experience of technicians. The result of
pathological examination depends on the subjective judgment of
the pathologist, and the accuracy of the result may be affected by
the experience and professional knowledge of pathologists (33).
Since OSNA quantitatively evaluates the number of CK19 mRNA
copies and the results are related to the number of cancer cells in
the nodules, and all OSNA procedures follow a unified protocol,
thus the results are objective and repeatable. Our results show that
the accuracy is very high (AUC = 0.95) in detecting lymph nodes
metastases in PTC, which confirms the reliability of OSNA. Such
accuracy seems to be sufficient to support the use of OSNA for
PTC. These results are reinforced by the consistency of the

methods among the included studies. In all studies, each lymph
node underwent both OSNA (with the same threshold of 250
CK19 mRNA copies/ul) and pathologic diagnosis (considered the
gold standard).

Despite the high accuracy found, there are still inconsistencies
between OSNA results and conventional pathological results.
Some reasons might be responsible for these discrepancies. One
fact is that metastatic deposits are usually small and irregularly
distributed within the lymph node. In all the included studies,
half of the nodule was analyzed by OSNA, and the other half was
examined by histopathology. Therefore, it is impossible to
analyze the same slice using both techniques. It’s likely that, in
discordant cases, the metastatic cells may be restricted to half of
OSNA or histopathological analysis, respectively. Secondly,
CK19 is the only marker used in OSNA assay, metastatic
lymph nodes without CK19 expression will be recorded as
false-negative nodes by OSNA. Considering that 30% of PTC
was CK19-negative (18), it is recommended to perform CK19
IHC on the primary tumor diagnostic fine needle aspiration
biopsy (FNAB) samples before using OSNA to assess the lymph
nodes of PTC patients. Another possible reason is that ONSA is a
quantitative detection technology, and only when the measured
value reaches a certain threshold, it will be judged as a positive
result. If there are only micrometastases in the lymph nodes
(qualitative cytologically judged as positive), quantitative ONSA
may be judged as a negative result. It in fact indicates that the
OSNA equivalent value is 100-250 CK19 mRNA copies when
there are very few metastatic cells in the lymph node (<0.02 mm
according to histological evaluation).

OSNA analysis also has several inherent limitations. OSNA
cannot conduct adequate histopathological studies on lymph
nodes. For example, it doesn’t provide morphological
information on presence of extra-lymph node invasion, which
is important information for predicting prognosis (34). Second,
OSNA can be only performed when the primary neoplasm is
positive for CK-19 expression. Finally, it is also uncertain
whether patients upstaged with OSNA over conventional
pathological examination will benefit from adjuvant therapy.

There are two limitations in our work. Firstly, statistical
heterogeneity of sensitivity and specificity were observed in our
study. However, due to the small number of studies included, it is
impossible to investigate potential causes of heterogeneity.
Secondly, non-English studies were excluded from the meta-
analysis, which may lead to selection bias. Thirdly, we cannot
evaluate the cost-effectiveness of OSNA for lymph node
detection in PTC patients due to the lack of relevant research.
For the pathology department, OSNA will come at some costs for
equipment, reagents, training and staffing. However, in several
studies analyzing the cost-effective of OSNA technique,
compared with conventional histopathology for intraoperative
diagnosis of SLN metastases in breast cancer patients indicated
that OSNA can reduced healthcare costs (35, 36).

In conclusion, our meta-analysis indicates that OSNA assay is
an accurate molecular method for intraoperatively detecting LNM
in PTC. However, the value of adjuvant therapy in those upstaged
by OSNA is uncertain. Moreover, long-term outcomes and rates of
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disease recurrence with or without OSNA evaluation are unknown.
Further studies should be conducted to validate these notions.

DATA AVAILABILITY STATEMENT

The data are available upon request from the corresponding
author (docweitao@sina.com).

AUTHOR CONTRIBUTIONS

XW and TW designed the study. XW, XZ, and JZ collected,
analyzed data, and wrote the paper. ZL and TW helped in data
analysis and manuscript revision. All authors reviewed the
manuscript and agree to be accountable for all aspects of the work.

REFERENCES

1. Dzodic R, Markovic I, Inic M, Jokic N, Djurisic I, Zegarac M, et al. Sentinel
Lymph Node Biopsy may be Used to Support the Decision to Perform
Modified Radical Neck Dissection in Differentiated Thyroid Carcinoma.
World ] Surg (2006) 30(5):841-6. doi: 10.1007/s00268-005-0298-0

2. Alvarado R, Sywak MS, Delbridge L, Sidhu SB. Central Lymph Node
Dissection as a Secondary Procedure for Papillary Thyroid Cancer: Is There
Added Morbidity? Surgery (2009) 145(5):514-8. doi: 10.1016/j.surg.2009.
01.013

3. Roh JL, Kim JM, Park CI Central Lymph Node Metastasis of Unilateral
Papillary Thyroid Carcinoma: Patterns and Factors Predictive of Nodal
Metastasis, Morbidity, and Recurrence. Ann Surg Oncol (2011) 18(8):2245-
50. doi: 10.1245/s10434-011-1600-z

4. Gambardella C, Tartaglia E, Nunziata A, Izzo G, Siciliano G, Cavallo F, et al.
Clinical Significance of Prophylactic Central Compartment Neck Dissection in
the Treatment of Clinically Node-Negative Papillary Thyroid Cancer Patients.
World ] Surg Oncol (2016) 14(1):247. doi: 10.1186/s12957-016-1003-5

5. Calo PG, Conzo G, Raffaelli M, Medas F, Gambardella C, De Crea C, et al.
Total Thyroidectomy Alone Versus Ipsilateral Versus Bilateral Prophylactic
Central Neck Dissection in Clinically Node-Negative Differentiated Thyroid
Carcinoma. A Retrospective Multicenter Study. Eur J Surg Oncol (2017) 43
(1):126-32. doi: 10.1016/j.ejs0.2016.09.017

6. Zhao W, You L, Hou X, Chen S, Ren X, Chen G, et al. The Effect of
Prophylactic Central Neck Dissection on Locoregional Recurrence in
Papillary Thyroid Cancer After Total Thyroidectomy: A Systematic Review
and Meta-Analysis : pCND for the Locoregional Recurrence of Papillary
Thyroid Cancer. Ann Surg Oncol (2017) 24(8):2189-98. doi: 10.1245/510434-
016-5691-4

7. Hughes DT, Rosen JE, Evans DB, Grubbs E, Wang TS, Solorzano CC.
Prophylactic Central Compartment Neck Dissection in Papillary Thyroid
Cancer and Effect on Locoregional Recurrence. Ann Surg Oncol (2018) 25
(9):2526-34. doi: 10.1245/510434-018-6528-0

8. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE,
et al. 2015 American Thyroid Association Management Guidelines for Adult
Patients With Thyroid Nodules and Differentiated Thyroid Cancer: The
American Thyroid Association Guidelines Task Force on Thyroid Nodules
and Differentiated Thyroid Cancer. Thyroid (2016) 26(1):1-133. doi: 10.1089/
thy.2015.0020

9. Hartl DM, Leboulleux S, Al Ghuzlan A, Baudin E, Chami L, Schlumberger M,
et al. Optimization of Staging of the Neck With Prophylactic Central and
Lateral Neck Dissection for Papillary Thyroid Carcinoma. Ann Surg (2012)
255(4):777-83. doi: 10.1097/SLA.0b013e31824b7b68

10. Roh JL, Park CI. Sentinel Lymph Node Biopsy as Guidance for Central Neck
Dissection in Patients With Papillary Thyroid Carcinoma. Cancer (2008) 113
(7):1527-31. doi: 10.1002/cncr.23779

FUNDING

This study was supported by Department of Science and
Technology of Sichuan Province (2020YFS0166) and
Education Department of Sichuan Province (172A0170).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fendo.2021.757766/
full#supplementary-material

Supplementary Figure 1 | Deeks’ funnel plot for assessing publication bias.

Supplementary Figure 2 | Quality evaluation of included studies according to
QUADAS-2 (A) overall and (B) by study.

11. Anand SM, Gologan O, Rochon L, Tamilia M, How ], Hier MP, et al. The Role
of Sentinel Lymph Node Biopsy in Differentiated Thyroid Carcinoma. Arch
Otolaryngol Head Neck Surg (2009) 135(12):1199-204. doi: 10.1001/
archoto.2009.190

12. Jozaghi Y, Richardson K, Anand S, Mlynarek A, Hier MP, Forest VI, et al.
Frozen Section Analysis and Sentinel Lymph Node Biopsy in Well
Differentiated Thyroid Cancer. ] Otolaryngol Head Neck Surg (2013) 42:48.
doi: 10.1186/1916-0216-42-48

13. Garcia-Burillo A, Roca Bielsa I, Gonzalez O, Zafon C, Sabate M, Castellvi J, et al.
SPECT/CT Sentinel Lymph Node Identification in Papillary Thyroid Cancer:
Lymphatic Staging and Surgical Management Improvement. Eur ] Nucl Med Mol
Imaging (2013) 40(11):1645-55. doi: 10.1007/s00259-013-2476-x

14. Shi F, Zhang Q, Liang Z, Zhang M, Liu X. One-Step Nucleic Acid
Amplification Assay Is an Accurate Technique for Sentinel Lymph Node
Biopsy of Breast Cancer Patients: A Meta-Analysis. Br ] Cancer (2017) 117
(8):1185-91. doi: 10.1038/bjc.2017.262

15. Wild JB, Igbal N, Francombe J, Papettas T, Sanders DS, Ramcharan S. Is it
Time for One-Step Nucleic Acid Amplification (OSNA) in Colorectal Cancer?
A Systematic Review and Meta-Analysis. Tech Coloproctol (2017) 21(9):693-9.
doi: 10.1007/s10151-017-1690-0

16. Escalante Perez M, Hermida Romero MT, Otero Alen B, Alvarez Martinez M,
Fernandez Prado R, de la Torre Bravos M, et al. Detection of Lymph Node
Metastasis in Lung Cancer Patients Using a One-Step Nucleic Acid
Amplification Assay: A Single-Centre Prospective Study. J Transl Med
(2019) 17(1):233. doi: 10.1186/s12967-019-1974-4

17. Kostun J, Pesta M, Slama J, Slunecko R, Vlasak P, Bouda J, et al. One-Step
Nucleic Acid Amplification vs Ultrastaging in the Detection of Sentinel
Lymph Node Metastasis in Endometrial Cancer Patients. ] Surg Oncol
(2019) 119(3):361-9. doi: 10.1002/j50.25322

18. Chu PG, Weiss LM. Keratin Expression in Human Tissues and Neoplasms.
Histopathology (2002) 40(5):403-39. doi: 10.1046/j.1365-2559.2002.01387.x

19. Kaczka K, Fendler W, Borowiec M, Mlynarski W, Pomorski L. First One-Step
Nucleic Acid Amplification Testing in Papillary Thyroid Cancer Lymph
Nodes - A Comparison With Histopathology and Real-Time PCR.
Endokrynol Pol (2014) 65(6):422-30. doi: 10.5603/EP.2014.0059

20. Gonzalez O, Iglesias C, Zafon C, Castellvi J, Garcia-Burillo A, Temprana J,
et al. Detection of Thyroid Papillary Carcinoma Lymph Node Metastases
Using One Step Nucleic Acid Amplification (OSNA): Preliminary Results.
J Invest Surg (2015) 28(3):153-9. doi: 10.3109/08941939.2014.990123

21. del Carmen S, Gatius S, Franch-Arcas G, Baena JA, Gonzalez O, Zafon C, et al.
Concordance Study Between One-Step Nucleic Acid Amplification and
Morphologic Techniques to Detect Lymph Node Metastasis in Papillary
Carcinoma of the Thyroid. Hum Pathol (2016) 48:132-41. doi: 10.1016/
j-humpath.2015.09.020

22. Kaczka KA, Pomorski L. One-Step Nucleic Acid Amplification Analysis of
Sentinel Lymph Nodes in Papillary Thyroid Cancer Patients. Arch Med Sci
(2017) 13(6):1416-26. doi: 10.5114/a0ms.2017.65466

Frontiers in Endocrinology | www.frontiersin.org

January 2022 | Volume 12 | Article 757766


mailto:docweitao@sina.com
https://www.frontiersin.org/articles/10.3389/fendo.2021.757766/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2021.757766/full#supplementary-material
https://doi.org/10.1007/s00268-005-0298-0
https://doi.org/10.1016/j.surg.2009.01.013
https://doi.org/10.1016/j.surg.2009.01.013
https://doi.org/10.1245/s10434-011-1600-z
https://doi.org/10.1186/s12957-016-1003-5
https://doi.org/10.1016/j.ejso.2016.09.017
https://doi.org/10.1245/s10434-016-5691-4
https://doi.org/10.1245/s10434-016-5691-4
https://doi.org/10.1245/s10434-018-6528-0
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.1097/SLA.0b013e31824b7b68
https://doi.org/10.1002/cncr.23779
https://doi.org/10.1001/archoto.2009.190
https://doi.org/10.1001/archoto.2009.190
https://doi.org/10.1186/1916-0216-42-48
https://doi.org/10.1007/s00259-013-2476-x
https://doi.org/10.1038/bjc.2017.262
https://doi.org/10.1007/s10151-017-1690-0
https://doi.org/10.1186/s12967-019-1974-4
https://doi.org/10.1002/jso.25322
https://doi.org/10.1046/j.1365-2559.2002.01387.x
https://doi.org/10.5603/EP.2014.0059
https://doi.org/10.3109/08941939.2014.990123
https://doi.org/10.1016/j.humpath.2015.09.020
https://doi.org/10.1016/j.humpath.2015.09.020
https://doi.org/10.5114/aoms.2017.65466
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Wang et al.

OSNA for Lymph Node Metastases of PTC

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Iglesias Felip C, Zafon Llopis C, Temprana-Salvador ], Garcia-Burillo A,
Serres Creixams X, Caubet Busquet E, et al. One-Step Nucleic Acid
Amplification for Intraoperative Analysis of Sentinel Lymph Node in
Papillary Thyroid Carcinoma. Eur ] Endocrinol (2019) 180(1):21-9.
doi: 10.1530/EJE-18-0624

Medas F, Coni P, Podda F, Salaris C, Cappellacci F, Faa G, et al. Evaluation of
Accuracy of One-Step Nucleic Acid Amplification (OSNA) in Diagnosis of
Lymph Node Metastases of Papillary Thyroid Carcinoma. Diagnostic Study.
Ann Med Surg (Lond) (2019) 46:17-22. doi: 10.1016/j.amsu.2019.08.006
Moher D, Liberati A, Tetzlaff ], Altman DGGroup, P. Preferred Reporting
Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement.
J Clin Epidemiol (2009) 62(10):1006-12. doi: 10.1016/j.jclinepi.2009.06.005
Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB, et al.
QUADAS-2: A Revised Tool for the Quality Assessment of Diagnostic
Accuracy Studies. Ann Intern Med (2011) 155(8):529-36. doi: 10.7326/
0003-4819-155-8-201110180-00009

Shi F, Liang Z, Zhang Q, Wang C, Liu X. The Performance of One-Step
Nucleic Acid Amplification Assay for Intraoperative Detection of Sentinel
Lymph Node Macrometastasis in Breast Cancer: An Updated Meta-Analysis.
Breast (2018) 39:39-45. doi: 10.1016/j.breast.2018.03.005

Shimazu K, Miyake T, Okuno J, Naoi Y, Tanei T, Shimoda M, et al. One-Step
Nucleic Acid Amplification Can Identify Sentinel Node-Negative Breast
Cancer Patients With Excellent Prognosis. Anticancer Res (2019) 39
(3):1447-54. doi: 10.21873/anticanres.13261

Takami H, Ito Y, Okamoto T, Onoda N, Noguchi H, Yoshida A. Revisiting the
Guidelines Issued by the Japanese Society of Thyroid Surgeons and Japan
Association of Endocrine Surgeons: A Gradual Move Towards Consensus
Between Japanese and Western Practice in the Management of Thyroid
Carcinoma. World ] Surg (2014) 38(8):2002-10. doi: 10.1007/s00268-014-2498-y
Garau LM, Rubello D, Ferretti A, Boni G, Volterrani D, Manca G. Sentinel Lymph
Node Biopsy in Small Papillary Thyroid Cancer. A Review on Novel Surgical
Techniques. Endocrine (2018) 62(2):340-50. doi: 10.1007/s12020-018-1658-5
Delgado-Oliver E, Vidal-Sicart S, Martinez D, Squarcia M, Mora M, Hanzu
FA, et al. Applicability of Sentinel Lymph Node Biopsy in Papillary Thyroid
Cancer. Q J Nucl Med Mol Imaging (2020) 64(4):400-5. doi: 10.23736/51824-
4785.18.03097-2

Wang YS, Ou-yang T, Wu ], Liu YH, Cao XC, Sun X, et al. Comparative Study
of One-Step Nucleic Acid Amplification Assay, Frozen Section, and Touch

Imprint Cytology for Intraoperative Assessment of Breast Sentinel Lymph
Node in Chinese Patients. Cancer Sci (2012) 103(11):1989-93. doi: 10.1111/
cas.12001

33. ChenJJ, ChenJY, Yang BL, Yang WT, Shao ZM, Wang YS, et al. Comparison
of Molecular Analysis and Touch Imprint Cytology for the Intraoperative
Evaluation of Sentinel Lymph Nodes in Primary Breast Cancer: Results of the
China Breast Cancer Clinical Study Group (CBCSG) 001c Trial. Eur J Surg
Oncol (2013) 39(5):442-9. doi: 10.1016/j.ejs0.2013.02.005

34. Jianyong L, Jinjing Z, Zhihui L, Tao W, Rixiang G, Jinggiang Z. A Nomogram
Based on the Characteristics of Metastatic Lymph Nodes to Predict Papillary
Thyroid Carcinoma Recurrence. Thyroid (2018) 28(3):301-10. doi: 10.1089/
thy.2017.0422

35. Guillen-Paredes MP, Carrasco-Gonzalez L, Chaves-Benito A, Campillo-Soto
A, Carrillo A, Aguayo-Albasini JL. One-Step Nucleic Acid Amplification
(OSNA) Assay for Sentinel Lymph Node Metastases as an Alternative to
Conventional Postoperative Histology in Breast Cancer: A Cost-Benefit
Analysis. Cir Esp (2011) 89(7):456-62. doi: 10.1016/j.ciresp.2011.04.013

36. Saruta Y, Puig-Junoy J. Cost and Budget Impact Analysis of an Accurate
Intraoperative Sentinel Lymph Node Diagnosis for Breast Cancer Metastasis.
Appl Health Econ Health Policy (2016) 14(3):323-35. doi: 10.1007/s40258-016-
0235-4

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Wang, Zheng, Zhu, Li and Wei. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

January 2022 | Volume 12 | Article 757766


https://doi.org/10.1530/EJE-18-0624
https://doi.org/10.1016/j.amsu.2019.08.006
https://doi.org/10.1016/j.jclinepi.2009.06.005
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://doi.org/10.1016/j.breast.2018.03.005
https://doi.org/10.21873/anticanres.13261
https://doi.org/10.1007/s00268-014-2498-y
https://doi.org/10.1007/s12020-018-1658-5
https://doi.org/10.23736/S1824-4785.18.03097-2
https://doi.org/10.23736/S1824-4785.18.03097-2
https://doi.org/10.1111/cas.12001
https://doi.org/10.1111/cas.12001
https://doi.org/10.1016/j.ejso.2013.02.005
https://doi.org/10.1089/thy.2017.0422
https://doi.org/10.1089/thy.2017.0422
https://doi.org/10.1016/j.ciresp.2011.04.013
https://doi.org/10.1007/s40258-016-0235-4
https://doi.org/10.1007/s40258-016-0235-4
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	The Diagnostic Accuracy of One-Step Nucleic Acid Amplification for Lymph Node Metastases of Papillary Thyroid Carcinoma： A Systematic Review and Meta-Analysis
	Introduction
	Methods
	Search Strategy
	Inclusion and Exclusion Criteria
	Data Extraction and Quality Assessment
	Statistical Analysis

	Results
	Study Selection
	Study Characteristics
	Risk of Bias and Quality Assessment
	Diagnostic Performance

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


