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ABSTRACT

Background and study aims The standard method for

obtaining samples during endoscopic ultrasonography

(EUS) is fine-needle aspiration (FNA), the accuracy of which

can be affected by the presence of a cytopathologist in

endoscopy room (rapid on-site evaluation [ROSE]). With

the introduction of fine-needle biopsy (FNB), macroscopic

on-site evaluation (MOSE) of a acquired specimen has

been proposed. Only a few studies have evaluated the role

of MOSE and in all except one, a 19G needle was used. Our

primary aim was to evaluate the diagnostic yield and accu-

racy of MOSE with different needle sizes and the secondary

aim was to identify factors influencing the yield of MOSE.

Patients and methods Data from patients who under-

went EUS-FNB for solid lesions, with MOSE evaluation of

the specimen, were collected in six endoscopic referral cen-

ters.

Results A total of 378 patients (145 F and 233M) were en-

rolled. Needles sizes used during the procedures were 20G

(42%), 22G (45%), and 25G (13%). The median number of

needle passes was two (IQR 2–3). The overall diagnostic

yield of MOSE was of 90% (confidence interval [CI] 86%–

92%). On multivariable logistic regression analysis, vari-

ables independently associated with the diagnostic yield of

MOSE were a larger needle diameter (20G vs. 25G, OR

11.64, 95%CI 3.5–38.71; 22G vs. 25G, OR 6.20, 95%CI

2.41–15.90) and three of more needle passes (OR 3.39, 95

%CI 1.38–8.31).

Conclusions MOSE showed high diagnostic yield and ac-

curacy. Its yield was further increased if performed with a

large size FNB needles and more than two passes.
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Introduction
Endoscopic ultrasonography (EUS) with tissue acquisition (TA)
is a well-established technique for sampling solid lesions pan-
creatic and non-pancreatic lesions [1–4]. Currently, the stand-
ard methods for obtaining samples from gastrointestinal and
non-gastrointestinal solid masses is fine-needle aspiration
(FNA) performed with EUS. Its sensitivity, specificity, and diag-
nostic accuracy for malignant cytology range from 78% to 98%
[5–7]. Several studies have been published in recent years aim-
ing to identify factors related to a non-diagnostic or false-neg-
ative EUS-FNA sampling result, and to improve its diagnostic
yield using different needle sizes and different tissue acquisi-
tion techniques, such as the fanning technique, the slow-pull
stylet extraction or the suction technique.

Despite data reporting a high sensitivity and specificity, the
diagnostic efficacy of EUS-FNA could be affected by the pres-
ence of a cytopathologist in the endoscopy suite during tissue
sampling. Rapid on-site evaluation (ROSE) has been advocated
to significantly increase EUS-FNA accuracy; however, evidence
available in literature is inconsistent. Studies performed with
EUS-FNA plus ROSE showed higher sensitivity and similar speci-
ficity to those where ROSE was not available; in particular, sen-
sitivity and specificity were 83% (95% confidence interval [CI],
64%–93%) and 98% (95%CI, 80–100%) when ROSE was per-
formed, as compared with 65% (95%CI, 57%–73%) and 94%
(95%CI, 31%–100%) when ROSE was not available [8, 9]. Re-
cently, in a systematic review with meta-analysis, was reported
as seven on 10 patients who repeated EUS-FNA (rEUS-FNA) for a
previous inconclusive diagnosis can receive a correct diagnosis,
of which eight with ROSE (80%) and six without ROSE (60%).
The rEUS-FNA is adequately informative only in case of positive
results, whereas in case of negative results, a false negative
cannot be reliably excluded [10]. To overcome this issue, fol-
lowing the implementation of fine needle biopsy (FNB) for TA
of histological specimens, Iwashita and colleagues introduced
for the first time macroscopic on-site evaluation (MOSE) of the
acquired tissue performed directly by the endosonographer
[11].

The primary aim of our study was to evaluate the diagnostic
yield and accuracy of MOSE with different needle sizes, and the
secondary aim was to identify factors influencing the yield of
MOSE.

Patients and methods
Data from patients who underwent EUS-FNB for solid lesions,
with MOSE evaluation of the specimen, were retrospectively
collected in six endoscopic referral centers from January 1,
2018 to the April 30, 2020. An electronic database was sent to
all the participant centers for the data entry. The study received
an IRB approval by our institution.

Inclusion and exclusion criteria

Inclusion criteria were age >18 years, both genders; both inpa-
tients and outpatients; presence of a solid lesion and, in the
presence of a cystic component, the solid part of the lesion

should be more 75% of the total; and obtained informed con-
sent for EUS with tissue acquisition. Exclusion criteria were pa-
tients who underwent previously EUS-FNA with or without
ROSE; patients who underwent EUS-FNB plus ROSE; previous
biopsy of the lesion with diagnosis of malignancy; presence of
an uncorrectable coagulopathy as defined by abnormal pro-
thrombin time (PT) or partial thromboplastin time (PTT) that
does not normalize after administration of fresh frozen plasma;
an inclusion in an other study.

Endoscopic procedures

All the EUS procedures were performed by experienced endo-
sonographers with >500 diagnostic EUS and >100 FNA and/or
FNB performed, without any specific experience in cytopathol-
ogy. All of the procedures were performed or under deep seda-
tion with propofol by the anesthetist or under conscious seda-
tion with benzodiazepine plus pethidine administration by the
endosonographer. Linear echoendoscopes were used for all
the examinations (GF-UCT 140 and GF-UCT180, Olympus,
Hamburg, Germany with the corresponding integrated display
units EU-ME2 – Premier Plus or with Aloka α-10 system; EG-
3270UK Pentax, Hamburg, Germany). Different sizes of FNB
needles were used for the study, specifically 25G, 22G, and
20G (EchoTip ProCore, Cook Medical, and Acquire, Boston Sci-
entific; Sharkcore, Medtronics). Lesion biopsied were: pancre-
atic masses, common bile duct (CBD) or gallbladder masses,
thoracic and abdominal lymph nodes, esophageal/gastric/duo-
denal or rectal submucosal lesions, and perirectal lesions. The
choice of the needle was decided by the endosonographer
based on personal experience and lesion to target. After the
needle puncture, the specimens were acquired either with the
suction technique (ST) or with the slow-pull technique (SPT).
Standard or fanning technique were also used for sampling the
lesion [12].

MOSE technique

After each pass, the stylet was reinserted into the needle to
push its content onto a glass slide and allow MOSE of the speci-
men by the endosonographer. If “worm-like” material ≥4mm
was observed, it was then placed in a 10% neutral buffered for-
malin jar for the final histological examination. If bloody mate-
rial and clots were obtained, they were also collected in forma-
lin. No specimens for cytological examination were collected.
After every needle pass the endosonographer evaluated the
specimen, judging its adequacy (▶Fig.1).

Study outcomes

The primary outcome of the present study was to evaluate the
diagnostic yield and accuracy of MOSE. The diagnostic yield was
defined as the proportion of specimens judged adequate by the
endosonographer that were confirmed to be adequate also by
the pathologist. The diagnostic accuracy of MOSE was defined
through sensitivity, specificity, positive and negative predictive
value (PPV and NPV). For the purpose of the analysis, we con-
sidered malignant lesions as the disease of interest, whereas
non-neoplastic and benign lesions were considered as controls.
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The secondary outcome was to assess and eventually identify
variables influencing the diagnostic yield of MOSE.

Statistical analysis and sample size

Continuous variables were reported as means ± standard devia-
tions (SDs) when normally distributed, and as medians and in-
terquartile ranges (IQRs) otherwise; categorical variables were
described as proportions. Overall accuracy, sensitivity, specifi-
city, positive (PPV) and negative (NPV) predictive value with
95% confidence interval (CI) were computed. Samples inade-
quate for histological evaluation were considered as false nega-
tive cases. A multivariable logistic regression analysis was un-
dertaken in order to identify variables independently associat-
ed with the diagnostic yield of MOSE. Measures of association
were expressed in terms of odds ratio (OR) along with 95% CI.
P<0.05 was considered statistically significant. Estimating from
the literature that we would obtain the macroscopic visible core
(MVC) as confirmed by the pathologist in around 90% of cases
[13], at least 139 patients would be required for assessing the
expected proportion with 5% absolute precision and 95% con-
fidence. Statistical analyses were performed with Stata 16 (Sta-
ta Corp, College Station, Texas, United States) for Mac.

Results
Overall, 378 EUS-FNB samples collected at the six centers were
judged to be macroscopically adequate by the endosono-
graphers. Mean patient age was 67±12 years, whereas 233
patients (62%) were male. Baseline characteristics of included
patients are reported in ▶Table 1. The mean lesion size was
33.8±17.3mm. One-hundred seventy lesions (45%) were pan-
creatic, whereas 208 lesions (55%) were extra-pancreatic. A de-

tailed description of the lesion sites is provided in ▶Table 2.
The EUS-FNB needles sizes used for sampling were 20G (n=
157, 42%), 22G (n=171, 45%), and 25G (n=50, 13%). The
EUS-FNB needle types were Procore (n =218, 57%), Acquire (n
=142, 38%), and others including Echotip ultra and Sharkcore
(n =18, 5%). The median number of needle passes during EUS-
FNB was two (IQR 2–3).

Three-hundred thirty-nine of 378 samples were judged to be
adequate for histological evaluation by the pathologist, with a
MOSE overall diagnostic yield of 90% (95%CI 86–92%). At mul-
tivariable logistic regression analysis, variables independently
associated with the diagnostic yield of MOSE were a larger nee-
dle diameter (20G vs. 25G, OR 11.64, 95%CI 3.5–38.71; 22G vs.
25G, OR 6.20, 95%CI 2.41–15.90) and three or more needle
passes (OR 3.39, 95%CI 1.38–8.31). Details of this analysis can
be found in ▶Table 3. At histology, 324 (86%) lesions were ma-
lignant. A detailed description of lesion histology is provided in

▶Table 2.
The overall diagnostic accuracy of MOSE for malignancy was

87.3% (95%CI, 83.5–90.5%), sensitivity was 85.2% (95%CI,
80.8–88.9%), specificity was 100% (95%CI, 93.4–100%), PPV
was 100% (98.7–100%), and NPV was 52.9% (95%CI, 42.8–
62.9%), given the 86% prevalence of malignancy in the study
sample. Among pancreatic lesions, the diagnostic accuracy of
MOSE for malignancy was 87.6% (95%CI, 81.7%–92.2%), sensi-
tivity was 86.5% (95%CI, 80.2%–91.5%), specificity was 100%
(95%CI, 76.8%–100%), PPV was 100% (97.3%–100%), and
NPV was 40% (95%CI, 23.9%–57.9%), given the 92% preval-
ence of malignancy in this group.Among extra-pancreatic le-
sions, the diagnostic accuracy of MOSE for malignancy was
86.3% (95%CI, 80.9%–90.6%), sensitivity was 83.9% (95%CI,
77.5%–89.1%), specificity was 100% (95%CI, 91.2%–100%),
PPV was 100% (97.4%–100%), and NPV was 59.7% (95%CI, 47
%–71.5 %), given the 81% prevalence of malignancy in this
group.Among 69 subepithelial lesions (SELs) distributed along-

▶ Fig. 1 Specimen from a pancreatic mass acquired with a 22G
FNB needle (Acquire – Boston Scientific) after one needle pass.

▶Table 1 Baseline characteristics of patients who underwent EUS-
FNB in the study sample.

Study sample

(n=378)

Patient age, years (mean+ SD) 67+12

Male sex, n (%) 233 (62%)

Lesion size, mm (mean+ SD) 33.8 ± 17.3

Lesion site, n (%)

Pancreatic 170 (45%)

Extra-pancreatic 208 (55%)

Needle size, n (%)

20G 157 (42%)

22G 171 (45%)

25G 50 (13%)

EUS-FNB, endoscopic ultrasound-guided fine-needle biopsy.
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side the gastrointestinal tract, the diagnostic accuracy of MOSE
for malignancy was 81.2% (95%CI, 69.9%–89.6%), sensitivity
was 76.4% (95%CI, 63%–86.8%), specificity was 100% (95%CI,
76.8%–100%), PPV was 100% (95%CI, 91.6%–100%), and NPV
was 51.9% (95%CI, 31.9%–71.3%), given the 80% prevalence of
malignancy in this group.

Discussion
The MOSE of the acquired EUS specimen by FNB needle is a re-
latively new easy technique aiming to improve the sampling di-
agnostic accuracy and to diminish costs related to the presence
of a cytopathologist and its instrumentation in the endoscopy
suite. The first report of the MOSE technique was published in
2015 from a Japanese group in a cohort of patients who under-
went EUS-FNA with a 19G needle. The Authors showed a diag-
nostic accuracy of 78.9%, and also observed that a macroscopic
visible core (MVC) ≥4mm on MOSE can be an indicator of speci-
men adequacy and can improve the diagnostic yield [11]. How-
ever, ROSE performed by endosonographer is also possible
[14], and a recent meta-analysis showed that FNB outper-
formed FNA when sampling pancreatic and nonpancreatic le-
sions. Moreover, the authors found that forward-facing bevel
FNB needles seemed to outperform the reverse bevel FNB nee-
dles [15]. To evaluate the role of ROSE during FNB sampling, a
multicenter, randomized, non-inferiority trial was conducted in
16 international centers, including a large prospective cohort of

patients. The authors randomized 800 patients with solid pan-
creatic masses to sampling with EUS-FNB plus ROSE or to EUS-
FNB alone, demonstrating the non-inferiority of FNB alone [16].

▶Table 2 Lesion characteristics and diagnostic yield and final histological diagnosis displayed according to pancreatic and extra-pancreatic site.

Lesion site n (%) Diagnostic yield, n (%) Final diagnosis

Pancreatic 170 (45%) 156 (92%) 134 DACs
18 NETs
10 chronic pancreatitis
3 metastases
2 pseudopapillary tumor
Other (n = 3)1

Uncinate  16 (4%)

Head 107 (29%)

Body  38 (10%)

Tail   9 (2%)

Extra-pancreatic 208 (55%) 183 (88%) 89 adenocarcinomas
29 GISTs
26 lymphomas
12 benign lymphocytes
7 sarcoidosis
5 leiomyomas
4 each for germ cell tumor, SCC, and benign gastric cells
3 NETs
3 reactive lymph nodes
3 Leiomyosarcomas
Other (n = 19)2

Esophagus   5 (1%)

Stomach  53 (15%)

Duodenum  11 (3%)

Abdominal lymph nodes  61 (16%)

Mediastinum  43 (11%)

CBD or gallbladder  12 (3%)

Rectal or peri-rectal  16 (4%)

Liver   5 (1%)

Other3   2 (1%)

DAC, ductal adenocarcinoma; FN, false negative; IPMN, intraductal papillary mucinous neoplasm; NET, neuroendocrine tumor; SCC, squamous cell cancer; SMT,
submucosal tumor.
1 n =1 each for IPMN, mucinous cystoadenocarcinoma, and accessory spleen.
2 Small cell lung cancer, tuberculosis, Schwannoma, renal cell cancer (n =2 for each); benign biliary cells, HCC, endometrial cancer, uterine cervical cancer, meso-
thelioma, ovarian cancer, melanoma, pancreatic rest, paraganglioma, glomic tumor, haemangioma.

3 n =1 each for left adrenal gland and spleen.

▶Table 3 Multivariable logistic regression analysis to assess variables
associated with the diagnostic yield of MOSE.

Variables Odds ratio (95%CI) P value

High- vs. low-volume center 0.32 (0.07–1.36) 0.123

Needle type

Procore Ref. –

Acquire 2.40 (0.88–6.53) 0.088

Others (Echotip, Sharkcore) 0.98 (0.11–8.93) 0.983

Needle diameter

20G 11.64 (3.5–38.71) 0.001

22G 6.20 (2.41–15.90) 0.001

25G Ref. –

Pancreatic vs. extra-pancreatic
site

1.86 (0.87–3.95) 0.108

≥3 needle passes 3.39 (1.38–8.31) 0.008

Lesion diameter 1.37 (0.68–2.76) 0.380

MOSE, macroscopic on-site evaluation.
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With the advent of FNB, MOSE of the specimen by the endoso-
nographer has been proposed as an alternative to ROSE [17],
but only few studies are reported in literature about this issue.

To our knowledge, our multicenter series is the largest one
in the current literature. Our results showed that MOSE had an
89% overall diagnostic yield, with a median number of needle
passes during EUS-FNB of two. Analyzing our results, we found
that variables independently associated with the diagnostic
yield of MOSE were the larger needle diameter and three or
more needle passes. It could be hypothesized that the thicker
the specimen is, the more likely the gross appearance would
be judged as adequate by the pathologist. This result appears
to be clinically relevant, as it supports the use of a large-caliber
needles when ROSE is not feasible. Moreover, it is plausible that
more needle passes lead to more tissue acquired, increasing
the likelihood of a correct diagnosis. Diagnostic accuracy, sen-
sitivity, specificity, PPV and NPV for pancreatic and extra-pan-
creatic masses were comparable, enlightening that the diag-
nostic accuracy of the MOSE does not seem to be affected by
the target lesions but only by needle diameter and number of
passes.

A recent RCT with a total of 244 patients who underwent
EUS plus fine needle tissue acquisition (FNTA) with a 19G nee-
dle showed that the diagnostic yield of the MOSE technique
(92.6%) was similar to the conventional technique (89.3%; P=
0.37), requiring significantly fewer needle passes (median: con-
ventional 3, MOSE 2; P<0.001) [18]. The diagnostic yield re-
ported in this RCT was slightly higher than ours. This could be
explained by the use of only 19G FNTA needles, whereas is our
series the overall accuracy was evaluated using 20G, 22G and
25G needles. Moreover, one of the inclusion criteria of the
RCT was a lesion diameter > 2 cm, while in our study there
were no restrictions based on the lesion size. A recent retro-
spective study including a cohort of 54 patients who under-
went EUS-FNB with a 22G Franseen-tip needle, demonstrated
that MOSE could limit the number of needle passes by accu-
rately evaluating the histologic core fragments, showing a di-
agnostic adequacy and accuracy of more than 90% [19].

Our study has some limitations. First, because of the retro-
spective design, we could not retrieve data on the tissue acqui-
sition technique used to acquire the specimen. Different tech-
niques have been proposed for targeting lesions during TA. The
standard technique (ST) consists in placing the tip of the needle
within the lesion, moving the needle to-and-fro on the same
axis, regardless of the TA technique applied (standard suction,
slow-pull, wet or non-suction technique). Two other tech-
niques, such as the fanning technique (FT) and the torque tech-
nique (TT) have also been proposed to establish an accurate di-
agnosis with fewer needle passes [20, 21] showing different re-
sults. No study comparing the FT vs TT has been published yet.
Nevertheless, most endosonographers combine these three
techniques based on their personal experience and on the char-
acteristic of the lesion to target. Second, the multivariable anal-
ysis provided quite large CIs, decreasing the confidence in the
estimates. However, the significant variables (i. e. increasing
number of passes and larger needle size), although predictable,
provide insightful information for clinical practice.

Conclusions
In conclusion, MOSE during EUS-FNB sampling showed high di-
agnostic yield and accuracy using different needle sizes, adding
new evidence to current literature, as most published studies
used MOSE in combination with 19G needles. The diagnostic
yield was higher when FNB was performed with larger-caliber
needles (i. e. 22G or 20G) and with more than two passes.
Therefore, this technique may represent a valid alternative
when ROSE is not feasible. Studies comparing EUS-FNA plus
ROSE vs EUS-FNB plus MOSE could establish if the two tech-
niques are similar in terms of diagnostic efficacy. Moreover,
studies comparing EUS-FNB plus MOSE vs EUS-FNB with stand-
ard technique with smaller diameter needles (22G or 25G)
could also add valuable clinical data. Finally, interactive cytopa-
thology training of endosonographers could further improve
the accuracy of the MOSE technique.
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