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Abstract

Background and aims Endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) is frequently used for the preop-
erative histologic diagnosis of pancreatic cancer. However, debate continues regarding the clinical merits of preoperative
EUS-FNA for the management of resectable pancreatic cancer. We aimed to evaluate the benefits and safety of preoperative
EUS-FNA for resectable distal pancreatic cancer.

Methods The medical records of 304 consecutive patients with suspected distal pancreatic cancer who underwent EUS-FNA
were retrospectively reviewed to evaluate the clinical benefits of preoperative EUS-FNA. We also reviewed the medical
records of 528 patients diagnosed with distal pancreatic cancer who underwent distal pancreatectomy with or without EUS-
FNA. The recurrence rates and cancer-free survival periods of patients who did or did not undergo preoperative EUS-FNA
were compared.

Results The diagnostic accuracy of preoperative EUS-FNA was high (sensitivity, 87.5%; specificity, 100%; positive predictive
value 100%; accuracy, 90.7%; negative predictive value, 73.8%). Among patients, 26.7% (79/304) avoided surgery based on
the preoperative EUS-FNA findings. Of the 528 patients who underwent distal pancreatectomy, 193 patients received EUS-
FNA and 335 did not. During follow-up (median 21.7 months), the recurrence rate was similar in the two groups (EUS-FNA,
72.7%; non-EUS-FNA, 75%; P =0.58). The median cancer-free survival was also similar (P =0.58); however, gastric wall
recurrence was only encountered in the patients with EUS-FNA (n=2).

Conclusion Preoperative EUS-FNA is not associated with increased risks of cancer-specific or overall survival. However,
clinicians must consider the potential risks of needle tract seeding, and care should be taken when selecting patients.

Keywords Pancreatic cancer - Endoscopic ultrasound-guided fine needle aspiration - Neoplasm seeding - Differential
diagnosis - Accuracy

Endoscopic ultrasound-guided fine needle aspiration (EUS-
FNA) is a minimally invasive procedure and allows tissue
diagnosis of suspicious pancreatic lesions with high diag-
Jin-Seok Park and Jae Hoon Lee are equally contributed to this nostic accuracy [1]. In a recent meta-analysis of EUS-FNA
article. for solid pancreatic cancer, the pooled sensitivity and speci-
ficity were 85% and 98%, respectively [2]. EUS-FNA is a
relatively safe procedure with overall morbidity and mor-
tality rates of 0.98% and 0.02%, respectively [2-4]. How-
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dissemination along the needle tract when EUS-FNA is per-
formed [6, 7].

Theoretically, cancer seeding may occur more fre-
quently in the body or tail of a lesion when the trans-gastric
approach is used rather than in the head of a lesion when a
trans-duodenal approach is adopted [8]. This is because the
EUS-FNA tract of pancreatic head cancers is later resected
en block with the pancreatic head during curative-intent
surgery, whereas the EUS-FNA tracts to the body or tail
lesions are present beyond the surgical resection margins [9,
10]. Therefore, the tumor seeding risk should be analyzed in
patients with distal pancreatic cancer who have undergone
preoperative EUS-FNA and subsequent curative resection.
However, the majority of the previous studies have been con-
ducted on pancreatic cancer cohorts that included pancreatic
head cancer [3, 10, 11].

This study aimed to investigate the clinical benefits of
preoperative EUS-FNA and potential adverse events after
preoperative EUS-FNA in patients with suspected distal
pancreatic cancer. We also analyzed the long-term out-
comes of patients with pancreatic ductal adenocarcinoma
who underwent preoperative EUS-FNA followed by distal
pancreatectomy.

Patients and methods
Study design and patients

We retrospectively reviewed the medical records of consecu-
tive patients with suspected distal pancreatic cancer between
January 2007 and December 2017. The outcomes of pre-
operative EUS-FNA were evaluated for these patients. The
inclusion criteria were (1) age > 18 years, (2) presence of
resectable suspected pancreatic cancer, and (3) receipt of
preoperative EUS-FNA. Resectable pancreatic cancer was
defined as cancer without distant metastasis, without local-
ized tumor expansion in the celiac axis or hepatic artery,
and without invasion of the superior mesenteric vascula-
ture. Patients were excluded if their suspicious lesions were
located in the pancreas head or uncinate process or were of
an unresectable stage.

During the same period, we also reviewed the medical
records of patients with distal pancreatic ductal adenocar-
cinoma who underwent distal pancreatectomy. The patients
constituted two groups, namely, the EUS-FNA group
(n=193) wherein all patients underwent preoperative EUS-
FNA and the non-EUS-FNA group (n=335) wherein the
patients did not receive EUS-FNA (Fig. 1). The long-term
outcomes, including peritoneal recurrence or needle tract
seeding, were assessed in both groups. The risk of recur-
rence after preoperative EUS-FNA was evaluated by com-
paring the recurrence-free survivals of the two groups. This

EUS FNA for
/o Pancreatic cancer
(N=2824)
Surgical resection for Pancreatic cancer T  EUS-FNA for
(N=2029) [ r/o pancreatic head/uncinate process cancer
(N=1669)
EUS-FNA for

(N=1155)

r/o Pancreatic body/tail cancer

Palliative resection
(N=175)

[ r/o pancreatic body/tail cancer, unresectable

(N=851)

r/o pancreatic body/tail cancer, resectable I

]

* Negative for malignancy (N=39)
* Non-diagnostic (N=43)

Other diagnosis (N=25)
* Autoimmune pancreatitis (N=7)

[ * Neuroendocrine tumor (N=9)
71 * Solid pseudopapillary tumor (N=5)

(N=304)
Total pancreatectomy [
Curative resection of (N=253)
Pancreatic cancer [
(N=1601) Biopsy-proven
pancreatic cancer
[ Pancreatic head cancer (N=197)
(N=1073)
Refused to undergo surgery }7
(N=4) (N=18)

Pancreatic cancer (N=28)
* Surgically diagnosed

* Clinically diagnosed (N=10)

¢ Lymphoma (N=2)
Other diagnosis (N=54) « Chronic pancreatitis (N=1)
* Neuroendocrine tumor (N=4) * Tuberculosis (N=1)
* Chronic pancreatitis (N=3)
* Watchful observation
* Improvement (N=29)

with EUS-FNA
(N=193)

Distal pancreatic cancer underwent surgical resection

Distal pancreatic cancer
Confirmed by surgical
resection
without EUS-FNA
(N=335)

* No interval change
(N=18)

Fig.1 Flow diagram of the study design showing the number of patients and the preoperative EUS-FNA results. EUS-FNA, endoscopic ultra-

sound-guided fine needle aspiration
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study was approved by the institutional review board of the
Asan Medical Center (approval no. 2018-0221).

Endoscopic procedures

All EUS procedures were performed using a linear array
endoscope (GF-UCT260; Olympus Medical Systems, Tokyo,
Japan) by 6 experienced endosonographers, who had each
previously performed more than 1000 EUS examinations.
The ultrasound images were analyzed using an ALOKA Pro-
sound Alphal0 processor (ALOKA, Tokyo, Japan). Patients
underwent EUS-FNA under conscious sedation with mida-
zolam (3-5 mg i.v.) and pethidine (50 mg i.v.). EUS-FNA
was performed by inserting a 19-, 22-, or a 25-gauge needle
(Acquire, Boston Scientific Corporation, Natick, Mass, USA
or Echotip, Cook Medical, Winston—Salem, NC, USA or
Procore, Cook Medical, Winston—-Salem, NC, USA) into the
lesion in real-time under ultrasound guidance. The needle
was moved back and forth > 10 times. The operators’ tech-
nique for specimen acquisition varied with each operator’s
preference, including stylet slow-pull technique, standard
suction, and number of to-and-fro movements with each
needle pass.

Efficacy of preoperative EUS-FNA

The histopathologic findings of the resected specimens were
used as the gold standard. When the EUS-FNA results were
unsatisfactory or specimens were insufficient to achieve a
specific diagnosis, the decision regarding repeated EUS-
FNA or surgical resection without additional EUS-FNA
depended upon the clinical findings associated with pan-
creatic cancer, i.e., new-onset diabetes or weight loss. In
cases where surgical resection was not possible, the clinical
course was followed by clinical and radiologic examina-
tions, and pancreatic cancer was diagnosed if the lesion was
aggravated.

Based on these results, we assessed the diagnostic sensi-
tivity, specificity, accuracy, positive predictive value (PPV),
and negative predictive value (NPV) of preoperative EUS-
FNA for the diagnosis of pancreatic cancer in suspected
lesions.

Early post-procedural adverse events

After EUS-FNA, physical and hematologic examinations,
which included complete blood count, liver profile, and
serum amylase and lipase levels, were performed, regard-
less of abdominal pain. Plain abdominal radiography was
performed routinely. Post-procedural adverse events were
classified as acute pancreatitis, bleeding, perforation, or
infection.

@ Springer

Long-term clinical outcomes of EUS-FNA in patients
with distal pancreatectomy

The long-term outcomes of EUS-FNA were investigated with
respect to the effects of EUS-FNA on tumor recurrence and
needle track seeding. These were analyzed by comparing with
the outcomes of the patients who underwent curative surgery
without preoperative EUS-FNA during the study period.
Only long-term follow-up data from patients with pancreatic
cancer were used. The patients visited our outpatient clinic
1 month postoperatively and were followed up for 3 months
in the absence of a specific medical problems. Hematologic
examinations, which included liver function tests, and imaging
studies, such as computed tomography (CT) or endoscopic
ultrasound, were performed at each follow-up visit. If no recur-
rence was encountered for 2 years, follow-up was performed
every 6 months. Recurrence-free survival was calculated from
the date of surgery to the date of recurrence of cancer in any
organ.

Statistical analysis

Statistical analysis was performed using SPSS for Windows
version 21.0 (SPSS Inc., Chicago, IL, USA). The sensitivity,
specificity, PPV, NPV, and accuracy of preoperative EUS-
FNA for the differentiation of pancreatic adenocarcinoma
from suspected pancreatic malignant lesions were evaluated.
The Kaplan—Meier method and the log-rank test were used
to analyze overall survival and cancer-free survival. Uni-
variate analyses were performed using the Cox proportional
hazard model to identify the factors associated with overall
survival and cancer-free survival. Continuous variables are
presented as medians and 95% confidence intervals (Cls),
and statistical significance were accepted for P values <0.05.

Results
Patient demographic characteristics

The medical records of 2,824 patients with suspected pan-
creatic malignant lesions who underwent EUS-FNA were
reviewed. Of these, 2,420 patients were excluded by apply-
ing the exclusion criteria. Finally, 304 patients with sus-
pected pancreatic cancer located in the pancreatic body or
tail were included (Fig. 1). The median patient age was 62
(range 30-88) years, and the male:female ratio was approxi-
mately 1.6:1.

Efficacy of preoperative EUS-FNA for pancreatic
adenocarcinoma

Of the 304 patients (304 lesions) with resectable suspected
pancreatic cancer lesions, 197 lesions were identified as
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pancreatic adenocarcinoma by EUS-FNA, and 193 patients
underwent curative surgical resection; 4 patients refused
to undergo surgery due to advanced age and/or comorbidi-
ties. The remaining 107 patients had negative EUS-FNA
findings for pancreatic adenocarcinoma. Twenty-five of the
107 patients were diagnosed with another disease by EUS-
FNA (neuroendocrine tumor (n=9), autoimmune pancrea-
titis (n=7), solid pseudopapillary tumor (n=15), lymphoma
(n=2), chronic pancreatitis (n= 1), and tuberculosis (n=1)).
These diseases were treated conventionally, e.g., by surgical
resection, steroid therapy, chemotherapy, or anti-tuberculosis
medication, and observed closely. Most of these 25 patients
responded to treatment and histologic diagnoses were con-
firmed by resection. However, one case of chronic pancre-
atitis diagnosed by EUS-FNA was changed to pancreatic
ductal adenocarcinoma after resection. The other 82 cases
with negative EUS-FNA findings for pancreatic adenocar-
cinoma were considered non-diagnostic specimens (n=43)
or negative for pancreatic cancer (n=39) based on preopera-
tive EUS-FNA. Twenty-five of the 82 patients underwent
surgical resection based on the clinical features and radio-
logic findings compatible with pancreatic cancer, and 18 of
these 25 were diagnosed with pancreatic adenocarcinoma;
4, neuroendocrine tumors; and 3, chronic pancreatitis. A
total of 216 patients were diagnosed with pancreatic adeno-
carcinoma based on the histological findings of EUS-FNA
or surgical specimens. The 57 patients not diagnosed his-
tologically by EUS-FNA or surgical resection were placed
under observation. Ten patients were clinically diagnosed
with pancreatic cancer. A clinical diagnosis of pancreatic
cancer was defined as the presence of a pancreatic mass sus-
pected of malignancy based on the EUS findings of echo-
genicity and morphology or an increasing tumor size dur-
ing the tracking period. Positron emission tomography—CT
was performed for all 10 pancreatic masses, and positive
findings were obtained for all. These patients did not sur-
vive > 18 months after pancreatic lesion detection. Finally,
225 patients were histologically or clinically diagnosed with
pancreatic ductal adenocarcinoma. Of these, 197 were his-
tologically confirmed by EUS-FNA, which indicated that
preoperative EUS-FNA has a high sensitivity (87.5%) for
differentiating between pancreatic adenocarcinoma and sus-
pected pancreatic lesions. Seventy-nine patients diagnosed
with other diseases, except for pancreatic cancer, with pre-
operative EUS-FNA avoided surgery. Consequently, the
positive predictive value (PPV) of EUS-FNA was 100%;
negative predictive value (NPV), 73.8%; specificity, 100%;
and accuracy, 90.7%.

Post-procedural morbidity

Only 1 patient who underwent preoperative EUS-FNA
developed post-procedural acute pancreatitis (defined as

mild according to the consensus guidelines). The patient
recovered uneventfully with conservative treatment.
None of the patients experienced perforation, infection,
or bleeding.

Long-term clinical outcomes of EUS-FNA

Between January 2007 and December 2017, 528 patients
with distal pancreatic cancer underwent curative-intent dis-
tal pancreatectomy at the Asan Medical Center. The mean
follow-up period was 34.1 months (95% CI, 31.7-36.4). The
baseline characteristics of the patients are summarized in
Table 1. These 528 patients constituted an EUS-FNA group
(n=193) and a non-EUS-FNA group (n=335). A total
of 232 patients were received gemcitabine chemotherapy
(Days 1,8,15, 1000 mg/mz, for 6 cycles) and 70 patients were
received concurrent chemotherapy (Days 1-5, Leucovorine
20 mg/m? followed by fluorouracil 425 mg/m?, 6 cycles) and
radiotherapy (50,4 GY) after surgical resection. The propor-
tion of the patients were not different between groups (EUS-
FNA, 63.7%; non-EUS-FNA, 53.4%; P=0.07). Follow-up
data were collected every 3—6 months postoperatively, and
the final updates were obtained between April 2019 and July
2019.

The median overall survival was 28.9 months (95% CI,
23.1-34.8) in the EUS-FNA group and 25.1 months (95%
CI, 21.9-28.3) in the non-EUS-FNA group (P=0.1, Fig. 2).
In the univariate Cox regression model, undergoing EUS-
FNA was not significantly associated with unfavorable over-
all survival (hazard ratio (HR) 0.84; 95% CI, 0.68-1.03;
P=0.1, Table 2).

Recurrence occurred in 373 (70.6%) of the 528 patients
during follow-up. The most common location for recur-
rence was the liver (n=111). The recurrence rates in the
EUS-FNA and non—EUS-FNA groups were similar at 70.4%
(136/193) and 70.7% (237/373), respectively (P=0.51).
Among them, 40 (20.7%) patients in the EUS-FNA group
and 61 (18.2%) patients in the non-EUS-FNA group had
peritoneal recurrence and showed no significant differences
(P=0.49). The median cancer-free survival was not signifi-
cantly different between the groups (EUS-FNA group vs
non—-EUS-FNA group: 12.1 months (95% CI, 9.6-14.6) vs
12.4 months (95% CI, 10.5-14.4); P=0.69, Fig. 3). In the
univariate Cox regression model, none of the variables were
associated with poorer cancer-free survival, and perform-
ing EUS-FNA was not an adverse prognostic factor (HR,
0.96; 95% CI 0.78-1.12; P=0.69, Table 3). Two cases of
gastric recurrence were encountered in the EUS-FNA group
(Fig. 4). In these patients, no other metastasis except for
gastric wall was found in one patient, but liver metastasis
was observed together in another patient. On the other hand,
no such recurrence occurred in the non-EUS-FNA group.
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Table 1 Baseline characteristics
of the patients who underwent

EUS-FNA (n=193) Non-EUS-FNA (N=335) P-value

distal pancreatectomy for Age, mean (SD), year 61.4 (10.6) 63.1(9.9) 0.06
Ezgﬁrgeféifpadenocam“"ma n Sex, male (%) 115 (59.6) 199 (59.4%) 0.52
Carcinoembryonic antigen, mean (SD), ng/mL  1545.6 (15,885.5) 428.7 (1295.1) 0.33
Tumor size, mean (SD), cm 3.4 (1.8) 3.7(1.9) 0.15
Nodal involvement (%) 103 (53.4) 178 (53.1) 0.52
Stage 0.56
1A 24 (12.4) 40 (11.9)
1B 39 (20.2) 68 (20.3)
1A 17 (8.8) 33(9.9)
1IB 60 (31.1) 121 (36.1)
11 53 (27.5) 73 (21.8)
Comorbidities
Cardiovascular disease 7 (3.6) 17 (5.1) 0.52
Cerebrovascular disease 4(2.1) 15 (4.5) 0.22
Liver cirrhosis 2(1.0) 3(0.9) 1.00
Renal dysfunction 1(0.5) 1(0.3) 1.00
Pulmonary dysfunction 6(3.1) 13 (3.9) 0.81
Diabetes 60 (31.1) 114 (34) 0.50
Hypertension 75 (38.9) 142 (42.7) 041
Prior other cancer history 22 (11.4) 47 (14) 0.42
RO resection (%) 129 (66.8) 228 (68.1) 0.77
Chemotherapy (%) 95 (49.2) 137 (40.9) 0.07
Radiation therapy (%) 28 (14.5) 42 (12.5) 0.3
Follow-up period, mean (SD), months 33.4 (24.3) 354 (24.1) 041
Recurrence (%) 136 (70.5) 237 (70.7) 0.51

EUS-FNA endoscopic ultrasound-guided fine needle aspiration, SD standard deviation
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Fig.2 Overall survival periods after curative resection. The median
overall survival was 35.4 months in the EUS-FNA group and
33.3 months in the non-EUS-FNA group (P=0.58). There were no
significant intergroup differences in the overall survival periods.
EUS-FNA, endoscopic ultrasound-guided fine needle aspiration
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Table 2 Univariate analyses of the factors affecting overall survival

Hazard ratio (95% CI)  P-value
Age 1.00 (0.98-1.02) 0.97
Male (vs female) 1.08 (0.7-1.65) 0.74
Tumor size 0.94 (0.8-1.1) 0.44
Nodal involvement 2.44 (0.56-10.66) 0.23
R1 resection 0.97 (0.97-0.98) <0.01
Chemotherapy (vs none) 0.97 (0.59-1.58) 0.36
Radiotherapy (vs none) 1.5 (0.82-2.75) 0.19
EUS-FNA (vs non-EUS-FNA)  0.84 (0.68-1.03) 0.10

CI confidence interval, EUS-FNA endoscopic ultrasound-guided fine
needle aspiration

Discussion

EUS-FNA is the preferred method for tissue acquisition
in patients with pancreatic cancer because of the safety,
relatively non-invasive nature, and high accuracy [12].
According to a recent meta-analysis performed with
4,984 patients, EUS-FNA has high sensitivity (85%) and
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Fig.3 Pancreatic cancer recurrence after curative resection. The
green and blue lines represent the EUS-FNA and non-EUS-FNA
groups, respectively. Significant intergroup differences in the overall
cancer-free survival were not observed. EUS-FNA, endoscopic ultra-
sound-guided fine needle aspiration

Table3 Univariate analyses of the factors affecting disease-free sur-
vival

Hazard ratio (95% CI)  P-value
Age 0.99 (0.97-1.02) 0.89
Male (vs female) 1.2 (0.79-1.84) 0.39
Tumor size 0.92 (0.79-1.08) 0.33
Nodal involvement 2.43 (0.5-11.7) 0.27
R1 resection 0.98 (0.97-0.99) <0.01
Chemotherapy (vs none) 1.24 (0.76-2.03) 0.39
Radiotherapy (vs none) 1.59 (0.97-2.9) 0.39
EUS-FNA (vs non-EUS-ENA)  0.96 (0.78-1.12) 0.69

specificity (98%) for diagnosing pancreatic malignancies
[5]. In the present study, preoperative EUS-FNA also
showed high sensitivity (87.5%), specificity (100%), and
accuracy (90.7%) for the differentiation of pancreatic can-
cer from other pancreatic diseases. False-positive results
for pancreatic cancer were not observed with preoperative
EUS-FNA.

With regard to adverse event, EUS-FNA is considered as
a safe procedure with major adverse event rate of <1%. The
most reported adverse event was mild pancreatitis [1, 2]. In
the current study, excellent safety characteristics were also
observed. Only one documented procedure-related adverse
event, mild pancreatitis, occurred among 304 patients who
underwent preoperative EUS-FNA.

Based on its high discriminatory power for pancre-
atic cancer, and safety, we believe that EUS-FNA could
be added to the preoperative examinations for suspected
pancreatic cancer, especially when other diseases, such as
lymphoma, autoimmune pancreatitis, and chronic pancrea-
titis, rather than pancreatic adenocarcinoma, are suspected.

However, our observations show that a negative pre-
operative EUS-FNA result does not entirely disregard the
possibility of pancreatic cancer as the NPV of preopera-
tive EUS-FNA was relatively lower (73.8%) than the other
diagnostic values. An accurate differential diagnosis could
not be achieved in 82 patients (non-diagnostic or negative
for malignancy) with preoperative EUS-FNA; of these, 28
patients were finally diagnosed with pancreatic cancer by
surgery or clinical observation. Similar or slightly lower
NPV has been reported in previous studies which ranged
from 55 to 66% [5, 13]. Given this low NPV of preop-
erative EUS-FNA, we believed that the negative results
for pancreatic cancer in EUS-FNA may not be considered
alone to determine subsequent management and recom-
mend additional core samples using special needle that
allows core samples to be collected by shearing tissue from
the target lesion to overcome the limitation of low NPV of
FNA [14]. According to a recently published prospective
randomized study comparing FNA and fine needle biopsy
(FNB), the technical success was not different between
FNA and FNB on using needles for sampling solid lesions
in 608 patients. The FNB needle had a significantly higher
histological yield (77% vs 44%) and greater accuracy
for malignancy diagnosis (87% vs 78%) and overall tis-
sue classification based on the Bethesda cytopathology
nomenclature system (82% vs 72%) [15]. Therefore, we
believe that EUS-guided FNB should be favored over FNA
when the results of FNA samples are non-diagnostic but
clinically highly suspicious pancreatic cancer.

We found that EUS-FNA may be associated with needle
tract seeding. Two (1.1%) cases of gastric wall recurrence
were encountered in the EUS-FNA group, whereas no gas-
tric wall recurrence occurred in the non-EUS-FNA group.
However, our analysis of tumor recurrence rates, overall
survival, and cancer-free survival periods did not reveal
a significant intergroup difference between the EUS-FNA
and non-EUS-FNA groups. Similar results were reported
in previous studies. Ngamruengphong et al. [10] performed
a retrospective study on 256 patients to evaluate whether
preoperative EUS-FNA was associated with an increased
risk of stomach or peritoneal recurrence and reported that
the gastric or peritoneal recurrence rate was not signifi-
cantly different (P =0.21) between the EUS-FNA (n=13;
7.5%) and non-EUS-FNA (n=6; 2.1%) groups. Based on
these results, some clinicians have concluded that EUS-
FNA does not increase the risk of needle tract seeding or
peritoneal dissemination [3, 16—18]. However, we believe
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Fig.4 The representative images of gastric recurrence after EUS-
FNA. A CT scan shows a low density mass at the pancreas (arrow). B
EUS-FNA for the mass revealed adenocarcinoma. C CT scan, which

that the reported results should be interpreted cautiously
for the following reasons.

First, the number of patients in the previous studies
and the present study might be not adequate to determine
the actual frequency of tract seeding with accuracy. Given
that the incidence of this complication in the current study
was only 1.1%, a substantially larger-scale study will be
essential to conclude that tumor seeding may occur along
the needle tracts during EUS-FNA.

Second, pancreatic cancer is an aggressive malignancy
with high relapse rates, even after curative resection, and
it is challenging to differentiate local needle track seed-
ing from local disease recurrence. Thus, there is a risk
of underestimating the possibility of needle tract seeding,
especially in cases involving distant metastasis. Therefore,
we recommend that clinicians be aware of the possibil-
ity of needle tract seeding after EUS-FNA. Preoperative
EUS-FNA should be implemented after multidisciplinary
discussion regarding its requirement on a case-by-case
basis to prevent overuse.
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was performed 11 months after distal pancreatectomy, shows a mass
lesion at the stomach wall. D Esophagogastroduodenoscopy shows an
ulcerofungating mass at the needle puncture site during EUS-FNA

The present study has several limitations: First, it is lim-
ited by the single-center retrospective design, which intro-
duces the potential of unmeasured confounding factors. Sec-
ond, it is limited by an inadequate sample size. However,
it is the largest study conducted to date to investigate the
effects and safety of EUS-FNA for distal resectable pan-
creatic cancer treated by curative resection. Further large-
scale investigation in a prospective setting is essential to
confirm the outcomes and safety of preoperative EUS-FNA.
Third, it may be difficult to determine whether recurrence
was attributable to EUS-FNA or cancer progression, and the
possibility of tumor recurrence from subclinical metastasis
not detected at the time of surgery cannot be excluded.

In conclusion, preoperative EUS-FNA is useful and can
be performed safely to differentially diagnose suspected
resectable pancreatic masses. It does not negatively affect
the overall survival, cancer-free survival, and recurrence
rates. Therefore, EUS-FNA may be an appropriate diag-
nostic tool for identifying resectable distal pancreatic can-
cer. Moreover, preoperative EUS is expected to be able to
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provide important information for neo-adjuvant therapy in
the patients with borderline stage of pancreatic cancer. How-
ever, clinicians must be aware of the potential risk of needle
tract seeding also, and patients requiring EUS-FNA should
be carefully selected after a multidisciplinary discussion.
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