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Abstract

Background: The aim of this study was clarify the diagnosticiacy of one step
nucleic acid amplification (OSNA) for differentiat] metastatic lymph nodes from
non-metastatic ones in patients with tumors (nciuising breast cancer).

Methods. A systematic literature search for original diagtimstudies was performed
in PubMed. Findings were pooled by using combintdce models and hierarchic
summary receiver operating characteristic curveetsod/eta-regression analysis and
threshold effect evaluating were performed to explihe sources of heterogeneity
affected classification accuracy.

Results: 19 studies (803 positive and 4594 negative lympties) were analyzed,
including 4 different tumor types (head and neakceas, gastrointestinal cancers,
lung cancer and gynecological malignancies). Instineies of head and neck cancers
the pooled sensitivity, specificity and area untteg curve (AUC) of the OSNA
method were 0.85(0.79-0.89), 0.96(0.92-0.98) an@l1(0.88-0.93), respectively.
Similarly, the corresponding values in the studiésgastrointestinal cancers were
0.90(0.85-0.94), 0.96(0.94-0.98) and 0.97(0.96-0.&%pectively. Because of limited
number of studies, the other two tumor types weestimable in the subsequent
meta-analyses.

Conclusions: Pooled data suggest that the OSNA assay has a diggnostic
accuracy for the detection of lymph node metastdsmswide spread implementation,

additional studies on other different types of tusnare warranted.



I ntroduction

The nodal status of lymph nodes remains a sigmficorognostic factor in
patients with different types of tumors. The presemf lymph node metastasis
increases the risk of loco-regional relapse andiaesl the survival of patients with
these tumors. Thus, due to the importance of asge$ise potential lymph node
involvement prior to surgery and intraoperativecdigery, several different strategies
have been developed.

Some studies have reported that frozen secti@téntly result in discordant
results between intraoperative analyses and deénihistological findings. The
sensitivities of examination of frozen sections fimding nodal metastases ranged
from 70% to 90% in breast cancer. Similarly, thported sensitivities were from
60% to 70% for HNSCC [1-4]. This was mainly a résofl the failure to detect
micrometastases, or small volume nodes. Even thamghunohistochemistry and
step sectioning have increased the detection matenfcrometastasis to 20-30% in
colorectal cancer, they were not suitable for impexrative examination because they
were burdensome and time-consuming [5-6]. Similariglecular techniques, such as
the reverse-transcription polymerase chain reachame been attempted in different
types of cancer and reported to be accurate comhpdth conventional pathological
analyses. However, this method has not applicadléntraoperative use because of
its complexity and unsatisfying time consumption8]7 Therefore, a quick, highly
sensitive and specific intraoperative diagnostititéque is necessary.

During the last few years, a new molecular techaigalled one step nucleic acid



amplification (OSNA), which is a rapid and semi-gtitive intraoperative
procedure for quantifying the number of cytokerati (CK-19) mRNA copies in
lymph nodes, has been employed to assess lymphpnodeession of tumors. OSNA
was first described by Tsujimoto and colleagudsreast cancer patients and has been
reported to be effective for detecting nodal meise$ in several published studies
[9-13]. The validity of the OSNA assay for detegtiymph node metastasis has also
been widely reported in patients with other typetumors such as colorectal cancer,
HNSCC, lung cancer, gastric cancer and thyroid eamtowever, the clinical efficacy
has not been evaluated. The aim of this study danfy the diagnostic accuracy of
the OSNA method for differentiating metastatic lympodes from non-metastatic
ones in patients with several included tumors imgarison with final pathological
results.
Methods
Literature Search

A comprehensive literature search of studies wearched using PubMed
database by two reviewers (X.C and X.B) to identifg diagnostic performance of
the OSNA method in detecting lymph node involvem@ihie following search terms
were used: (Neoplasms [Mesh] OR cancer OR carcinORaumor OR neoplasm
OR lymphatic metastasis [MeSH] OR lymph node matas} AND (OSNA OR
one-step nucleic acid amplification). The publioatdate had an upper limitation of
October 2017.

Eligiblecriteriafor study selection



Studies were included if they fulfilled followirggiteria: (1) the study evaluated
the clinical performance of the OSNA assay in pasievith nodal metastases
(excluding breast cancer); (2) sufficient inforroatiwas presented to calculate values
of true positive (Tp), false positive (Fp), falsegative (Fn) and true negative (Tn) for
per-node statistics; (3) for quality assurancanftbe QUality Assessment of
Diagnostic Accuracy Studies (QUADAS-2) checklisg shose the study which the
total score was greater than or equal to 9 poiota the 14 questions.

Data collection

Reviewers who performed the database search discted the relevant data
independently, and disagreements resolved by disousThe following
characteristics of each study including author,dutgpe, publication year, nation,
values of patient and lymph node, cut-off value€Kf19, results of Tp, Fp, Fn as
well as Tn (either found or calculated from dataiiiginal published studies),
discordant lymph node results were also extracted.

Statistical analysis

All analyses were performed using Stata 12.0 &Statp), Meta-DiSc version 1.4,
and SPSS 16.0. All statistical tests were two-sided statistical significance was
defined as ® value less than 0.05.

For each study, diagnostic parameters for the O8dsay were calculated by the
following formulas: sensitivity = Tp/(Tp+Fn), spécity = Tn/(Tn+Fp), positive
likelihood ratio (PLR) = sensitivity/(1-specificitynegative likelihood ratio (NLR) =

(1-sensitivity)/specificity and diagnostic oddsioa{DOR) = Tp*Tn/Fn*Fp, along



with their 95% confidence intervals (Cls). The bisée model was adjusted to obtain
the area under the curve (AUC). To
realize the potential factors that influenced aacuyrestimates, we tried to explore the
source of heterogeneity among included studies whenquantifiedl® value was
greater than 50% [14]. Because of the thresholdcefivas an important source of
heterogeneity, we assessed the Spearman’s carrelabtefficient, and negative
correlation p< 0.05) suggested existence of the threshold effieico threshold effect
existed but significant heterogeneity, further rretgression analysis was to explore
other sources of heterogeneity in these includedies.

Furthermore, publication bias was assessed dirbgtlusing Deeks’ funnel plot
symmetry tests [15].
Results
Study selection

PubMed identified in 384 potentially relevant sasdafter the comprehensive
computerised searches performed. 268 studies wigialy excluded after screening
the titles and abstracts. From the remaining ssd@@é were excluded after reviewing
the full article, consisting of 76 articles wereetealuate nodal involvement in breast
cancer, 3 were published in non-English, 5 weréermearticles, and 13 articles did
not obtain sufficient information or per-patientdysis. Finally, 19 studies fulfilled
the eligible criteria and were considered. Theitlgtgorocedure of study selection
process was presented in Fig 1.

Study characteristics



This systematic review included a total of 803ifns and 4594 negative lymph
nodes from 19 studies, including 4 different tunmgpes (Group A, head and
neck cancers [16-21]; Group B, gastrointestinalceas [22-30]; Group C, lung
cancer [31,32]; Group D, gynecological malignandi@3,34]) (#1-19 in Table 1).
Additionally, information about tumor type, publizan year, nation of author,
number of patient and node of each study, and disod lymph node results were
also presented. Because of limited number of ssu@eoup C and D were not able to
pool in the subsequent analysis. Finally, 15 phblisstudies (Group A and B) were
considered to the following meta-analyses.

Assessment of study quality

For quality assurance, from the QUADAS-2 checkhditthese 15 studies, which
the number of the answer “no bias” for the 14 qoastwere greater than or equal to
9, were included (presented in Table 2).

Diagnostic performance for the OSNA method

Fig 2 showed the forest plots of the sensitivitg d- specificity for Group A and
B. On the basis of the combined effect model, tbeesponding sensitivity and
specificity for Group A were 0.85(0.79-0.89) an®&1(0.92-0.98), for Group B the
sensitivity was 0.90(0.85-0.94) and the specifigigs 0.96(0.94-0.98). The AUCs of
OSNA assay were 0.91(0.88-0.93) (Group A) and 0.95(0.99) (Group B) (Fig 3).

In addition, the pooled PLR, NLR and DOR for Grodp and B were
20.6(10.3-41.0), 0.16(0.11-0.22), 130.5(62.3-273.3and  23.4(13.7-40.0),

0.10(0.06-0.16), 235.2(99.9-554.1), respectivalyT@ble 3).



Assessment of publication bias

The Deeks’ funnel plot presented that studies wdrstributed on the
asymmetrical funnel plots of DOR against 1/(effeetsample size (ES$J) The
result of the Deeks’ tests showed no evidence ef éRistence of significant
publication bias (Group A: bias =0.4R+0.701; Group B: bias =0.18=0.858) (Fig
4).

Results of heter ogeneity analysis

The combined effect model indicated that obvioigniBcant between-study
heterogeneity among the studies (Group®A73.8% in specificityP<0.05; Group B:
12=89.7% in specificityP<0.05), thus, the following threshold effect evaing and
meta-regression analysis were necessary for ergldhie sources of heterogeneity.

The threshold effect did not exist (spearman dation coefficient in Group A =
0.486,P = 0.329; in Group B =-0.55® = 0.125).

Single-factor meta-regression analysis by applyimgor type, nation, number of
lymph nodes and the percentage of discordant lynmgate results, was performed.
Table 4 showed that none of these single factors W sources of heterogeneity in
Group A (allP value >0.05), however, in Group B, the percentaigdiscordant node
results €10% or >10%) can be viewed as sources of heterdgdRe<0.05).

Posttest probability of lymph node metastases using the OSNA assay
To determine the potential utility of our results decision making in clinical

practice, for Group A, when we defined the prepesbability as 25%, 36%, and 75%,

the corresponding positive posttest probabilityRP&nd negative posttest probability



(NPP) were 87%, 92%, 98% and 5%, 8%, 32%. Similddy Group B, when the
pretest probability defined as 25%, 39%, and 73%,dorresponding PPP and NPP
were 89%, 94%, 99% and 3%, 6%, 23% (Fig 5).

Discussion

To our knowledge, this is the first systematic ieew and meta-analysis to
evaluate the performance of the OSNA assay in réifite types of cancer (not
including breast cancer) with lymph node metastasesthis meta-analysis we
included 6 studies in patients with head and necicers and 9 studies in
gastrointestinal cancers. In the studies of headnack cancers the pooled sensitivity,
specificity and AUC of OSNA assay were 0.85(0.789), 0.96(0.92-0.98) and
0.91(0.88-0.93), respectively. Similarly, the cepending values in the studies of
gastrointestinal cancers were 0.90(0.85-0.94), (0.96-0.98) and 0.97(0.96-0.99),
respectively. All these diagnostic values were stwbiwhat the OSNA assay is useful
to distinguish metastatic lymph nodes from non-steti ones.

DOR values combine sensitivity and specificity aegresent the ratio of the
odds of positivity in metastatic lymph nodes refatito that of non-metastatic. A
higher DOR value indicates better discriminationfgrenance of the OSNA assay. In
this meta-analysis, the DOR values in head and ocackers and gastrointestinal
cancers were 130.5 and 235.2, indicating that ifierential ability of the OSNA
assay is high. Likelihood ratio (LR) is another m@@ of diagnostic accuracy. For a
test to be highly useful, it should have an LR >dr0O< 0.10. Based on the LR

values, the OSNA assay is considered to be higalerevior evaluating lymph node



involvement. To better understand the OSNA assalfscal utility, we used a
Fagan’s nomogram to estimate a patient's possibiit having lymph nodal
metastases. For a head and neck cancer pati¢éme, piretest probability was defined
as 25%, the posttest probability of nodal metastagth a positive OSNA assay result
was 87%, while a negative result reduced the piibtyalbo 5%. If the pretest
probability was defined as 75%, a positive or niegatesult changed the posttest
probability to 98% or 32%. As the pretest probapiincreased, the OSNA assay was
more likely to confirm rather than exclude lymphdabmetastasis. In contrast, as the
pretest probability decreased, the OSNA assay wiabte for metastasis exclusion
rather than confirmation. In patients with gasttestinal cancer, the OSNA assay has
been reached similar results. Thus, a specifieeptairobability, which achieved the
same effect for metastasis confirmation and exafysexists and can be viewed as the
cutoff pretest probability for the OSNA test to ess lymph node involvement. As Fig
5 shows, the cutoff pretest probabilities were 3@%patients with head and
neck cancer and 39% in patients with gastrointaktancer.

As Table 1 reveals, some discordant results betwbenOSNA assay and
conventional pathological diagnoses were founduniocluded studies. Low or no
expression of CK-19 mRNA in different types of tumaell was one of the most
important causes of these discrepant results. Qoesdly, many published studies
have been evaluated the performance of other mRMNAens using a mixture of
histopathologically positive and negative lymph e®dA study by Yamamoto et al.

examined 98 candidate mRNA genetic markers whichewem a genome-wide
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database by comparing an expression frequency lon ccancer [35]. After four
sequencing phases, CK-19, CEA and CK-20 mRNAs wesauated using OSNA
assay. The expression of CK-19 mRNA was observedllipathologically positive
lymph nodes, however, CEA and CK-20 mRNAs werefaohd in metastatic nodes.
Similarly, the expression frequency of CK-19 isngiigantly higher than other
candidate mRNA markers in different tumor tissuaeshsas gastric, HNSCC and oral
squamous cell carcinoma (OSCC), and these studiesntined CK-19 to be the best
marker for the OSNA assay [20,24,36-37]. Howevefew studies described that
CK-19 was not a usefully expressed cytokeratin 80Q because its expression was
low in all OSCC (65%), especially in early OSCC ¥96[38]. Therefore, they
guestioned the applicability of CK-19-based OSNAagsin head and neck cancers.
The study of Masai et al. summarizes the CK-19 esgion in different histological
types of lung cancer. Most subtypes observed hddgh prevalence of CK-19
expression, but few thoracic tumors indicated lopbsitive rates for expression of
CK-19 mRNA, such as 54.8% of pleomorphic carcinorbd,5% of large-cell
carcinoma, 34.0% of carcinoid tumor and 31.8% oalsell carcinoma [39]. Thus,
CK-19 was selected as a useful mMRNA marker forQB&A assay; however, further
trials and tumor types are necessary to evaluateffitacy of CK-19 mRNA or other
biomarkers.

In patients with breast cancer, previous studeeslused a cutoff CK-19 value of
250 copiesll for assessing lymph node metastasis. A CK-19 mRi&py number

<2504l was viewed as negative result and a copy nurmB8B0Ojl was regarded as

11



positive. To explore the cutoff value of the OSN#say between metastatic and
non-metastatic lymph nodes in other tumor typewverse studies evaluated the
diagnostic performance of the serial cutoff valwésthe OSNA method [24,33].
Moreover, 250 copiegl appeared to be an optimal cutoff value that dggtished
between positive and negative lymph nodes. Howeseda et al. reported that the
optimal cutoff of CK-19 mRNA in detecting lymph nedhetastasis was 300 copjds/
in HNSCC [16]. The study of Matsuzuka et al. codeld that the optimum cutoff
point in HNSCC patients was 131 copjés/which was the highest diagnostic
performance [17]. Furthermore, the optimal cutaifue for the number of CK-19
MRNA copies was 93 in thyroid cancer [19]. Therefawith all that said, further
trials are necessary to verify the best cutoff (Kalalue in each tumor type,
especially in head and neck cancers.

Some problems of this systematic review requirgh&r explanation. First,
because of limited number of studies, the poolaedmstic performance of the OSNA
assay in patients with lung cancer or gynecologitalignancy was inestimable. Even
though their specificities were high (all >90%)e thensitivities for the detection of
nodal metastases in the OSNA method were widelge@n80%, 100% in lung
cancer; 50%, 82% in gynecological malignancies)-338]. Further large-scale,
highly-quality trials are needed to evaluate tHeaty of the OSNA assay in patients
with these tumor types. Second, as Fig 2 revedleste are obvious significant
between-study heterogeneities among studies of haadl neck cancer and

gastrointestinal cancer. Table 2 shows that theodignt node results can be viewed

12



as sources of heterogeneity in patients with gedéstinal cancer, and if the study of
Vogelaar et al (19.7%) is removed, we could obsenvancrease in sensitivity and
specificity by using the OSNA method. However, heit threshold effects nor
evaluated covariates were the sources of heterdgemé¢he studies of head and neck
cancers.

In conclusion, pooled data suggest that the OSBRay has a high diagnostic
accuracy for the detection of lymph node metastdsmswide spread implementation,

additional studies on other different types of turaie warranted.
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Figure L egends

Fig 1 Flow Diagram: selection process of the stsidie

Fig 2 Forest plots of sensitivity and specificititwcorresponding 95 % Clis (A and B
for head and neck cancers; C and D for gastrointdstancers). In the studies of
head and neck cancers the pooled sensitivity, fggciof OSNA assay were
0.85(0.79-0.89) (A) and 0.96(0.92-0.98) (B). Theresponding values in the studies
of gastrointestinal cancers were 0.90(0.85-0.94 )@l 0.96(0.94-0.98) (D).

Fig 3 SROC curves for the diagnostic performanc®8NA assay for head and neck
cancers (A) and gastrointestinal cancers (B).

Fig 4 Asymmetrical funnel plots indicated no pultion bias both head and neck
cancers (A) and gastrointestinal cancers (B).

Fig 5 Fagan’s nomograms were calculated post-tesbapilities using different
pre-test probabilities of lymph node metastasedhriee clinical scenarios (A, B and C

for head and neck cancers; D, E and F for gasasiimal cancers).
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Table 1 Characteristics of included studies

Grou | Study ID | Tumor Yea | Nation No.of | Tp Tn | Discorda
p No. and | type r patients nt node
author and results
lymph (%)
nodes
A 1 Goda HNSCC 201 Japan 1
5 65,312 | 53 0 241 | 18(5.8)
2 HNSCC 201 Japan
Matsuzuk 2 56,175 | 28| 1 140 7(4.0)
a
3 Kaczka | Thyroid 201 Poland 7(7.6)
4 3292 | 13| 3 72
4 Thyroid 201 Spain
5,50 19| 3 26 5(10)
Gonzalez 4
5 Suzuki | HNSCC 201 Japan
5 21,54 7] 1 44 3(5.5)
6 del Thyroid 201 Spain 1
37,284 | 84 168 | 32(11.3)
Carmen 5 9
B 201 i I
7 Croner | Colorectal 0 Germany | 184,184 3 L 139 8(4.3
8
201
Yamamot | Colorectal 1 Japan 85,385 74 295 11(2.9
o}
9 ) 201
.| Gastric Japan 32,162 40 4 113 9(5.6
Yaguchi 1
. 201 | Switzerlan 1
10 Gdiller | Colon 5 q 22,313 | 51 1 249 | 13(4.2)
11 ) 201 1
. | Gastric Japan 61,394 44 326 | 23(5.8)
Kumagai 4 4
The
12 201 2
Colon Netherlan| -,127 23 79 | 25(19.7)
Vogelaar 4 0
ds
13
201 204,192| 12 | 6 171
Yamamot | Colorectal Japan 83(4.3)
6 5 513 7
o]
201
14 Yeung| Colorectal . UK 16,78 16| 1 61 1(1.3)
15 201
) Colorectal UK 19,82 13| 2 66 3(3.7)
Colling 7
C 16 Lung 201 Japan
20,40 4| 3 33 3(7.5)
Hayama 4
17 NSCLC 201| Japan 1
111,410, 47 333 | 30(7.3)
Nakagaw 6 8




a

D 18 Cervical 201| Japan
32,130 | 3| 2| 3| 122 5(3.8)
Okamoto 3
19 Nagai | Endometri| 201 Japan
al 5 35,137 | 14| 1| 3| 119 4(2.9)

A, head and neck cancers; B, gastrointestinal ean€e lung cancer; D, gynecological
malignancies; Tp, true positive; Fp, false positive
Fn, false negative; Tn, true negative.




Table2 Results of the evaluation of each study raicg to QUADAS-2

1|12 3| 4] 5| 6/ 7/ 8 9 10 11 12 13 14 Score

#1 Goda e I I I I I I O+ o+ 12
#2 S I O T R I A 3 AN 4 R ) I B
Matsuzuka

#3 Kaczka + o+ H O+ H OH H 4 2?2+ o+ O+ F 12
#4 Gonzalez| + +H H H H + + 4+ P P % ¢ H W 12
#5 Suzuki + o+ A+ H H o+ H H H A 4+ 4+ 1 13
#6 del o+ | | ] 2?2 H O H 12
Carmen

#7 Croner + O+ 4+ H O H O H O H 4 4 TP+ O+ 12
#8 S T A O A A R A R A R A 8 0 I Y B V'
Yamamoto

#9 Yaguchi +| 4| +| | + 4+ H H T 7 P i - 11
#10 Gliller +| | +| +| 4+ | O+ H O H 2 + 4 4 + 13
#11 + |+ |+ +| +| +| +| +| + + + + + +| 14
Kumagai

#12 Vogelaar] +| + + +H H +H 4 4+ + 1 P ok K 12
#13 + o+ |+ | ] |+ ]+ 2] 2?2 4+ H OH 12
Yamamoto

#14 Yeung + o+ | O+ O H OH OH K 4T O+ O+ 12
#15 Colling +| 4+ | H| FH| ] H A 2T + + + 11

(+)=no bias; (-)=potential bias; (?)=bias unclear

1, representative spectrum?; 2, selection critetéarly described?; 3, acceptable reference
standard?; 4, time interval between OSNA and pathdl; 5, partial verification avoided?; 6,
differential verification avoided?; 7, incorporatiavoided?; 8, description execution of OSNA?;
9, description execution of pathology?; 10, patggleesults blinded?; 11, OSNA results blinded ?;
12, clinical data available as in practice?; 13ntampretable results reported?; 14, withdrawals
explained?



Table 3 Comparison of the diagnostic accuracy of OSNA assay in included tumor types

Sensitivit | Specificit PLR NLR DOR AUC
y y

Head and | 0.85(0.79- | 0.96(0.92- | 20.6(10.3- | 0.16(0.11- | 130.5(62.3- | 0.91(0.88-
neck cancers 0.89) 0.98) 41.0) 0.22) 273.3) 0.93)
Gastrointestinal 0.90(0.85- | 0.96(0.94- | 23.4(13.7- | 0.10(0.06- | 235.2(99.9- | 0.97(0.96-
cancers 0.94) 0.98) 40.0) 0.16) 554.1) 0.99)

Haya 1.0 0.92 125 - - -
Lung ma
cancer Nakag 0.80 0.95 16 0.21 725 -

awa
Gynecol | Okam 0.50 0.98 25 0.51 61 -
ogical oto
malignan | Nagai 0.82 0.99 82 0.18 555.3 -
cies




Table 4 Results of meta-regression analysis

Group | Coefficient | Standard Pvalue | Diagnostic 95%Cl
error odd ratio
a A -0.762 0.6991 0.3553 0.47 0.05-4.32

Tumor type

B -0.874 1.3077 0.5286 0.42 0.02-10.23
Nation® A -0.762 0.6991 0.3553 0.47 0.05-4.32

B -0.110 1.5792 0.9465 0.90 0.02-42.68
Number of A -0.098 0.6784 0.8939 0.91 0.10-7.85
lymph node © B 1.339 1.4158 0.3809 3.81 0.12-121.88
Percentage of A -0.443 0.7016 0.5730 0.64 0.07-5.99
discordant B -4.130 0.8295 0.0025 0.02 0.00-0.12
results®

A, head and neck cancers; B, gastrointestinal cancers; Cl, confidence interval; @, thyroid cancer or
HNSCC in Group A, colon cancer or gastric cancer in Group B; b Japan or Europe; ©, number of
lymph nodes <100 or >100; 4 the percentage of discordant lymph node results (<10% or >10%).
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1. The OSNA assay is useful to distinguish metastatic lymph nodes from
non-metastatic ones in several tumor types.

2. 250 copies/ul appeared to be an optimal cutoff value that distinguished between
positive and negative lymph nodes.

3. CK-19 was selected as a useful mMRNA marker for the OSNA assay.



