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INTRODUCTION

Despite recent advances in surgical techniques and

Background/Aims: Endoscopic ultrasonography (EUS) provides high-resolution images and is
superior to computed tomography (CT) scan in diagnosing small pancreatic ductal adenocarci-
noma (PDAC). As a result, the use of EUS for early detection of PDAC has attracted attention.
This study aimed to identify the clinical and radiological characteristics of patients with PDAC
diagnosed by EUS but not found on CT scan.

Methods: The medical records of patients diagnosed with PDAC at 12 tertiary referral centers in
Korea from January 2003 to April 2019 were reviewed. This study included patients with pancre-
atic masses not clearly observed on CT scan but identified on EUS. The clinical characteristics
and radiological features of the patients were analyzed, and survival analysis was performed.
Results: A total of 83 patients were enrolled. The most common abnormal CT findings other than
a definite mass was pancreatic duct dilatation, which was identified in 61 patients (73.5%). All but
four patients underwent surgery. The final pathologic stages were as follows: 1A (n=31, 39.2%),
IB (n=8, 10.1%), lIA (n=20, 25.3%), IIB (n=17, 21.5%), lll (n=2, 2.5%), and IV (n=1, 1.4%). The
5-year survival rate of these patients was 50.6% (95% confidence interval, 38.8% to 66.7%).
Elevated liver function testing and R1 resection emerged as significant predictors of mortality in
the multivariable Cox regression analysis.

Conclusions: This multicenter study demonstrated favorable long-term prognosis in patients with
PDAC diagnosed by EUS but indeterminate on CT scan. EUS should be considered for patients with
suspected PDAC but indeterminate on CT scan. (Gut Liver 2022;16:474-482)
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chemotherapeutic agents, the prognosis of pancreatic
ductal adenocarcinoma (PDAC) is still poor with a 5-year
survival rate of 9.3% according to the National Cancer
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Institute of the United States.' This poor prognosis may be
attributed to difficulty in early detection as most patients
are asymptomatic in the early stage, and there is no reli-
able biomarker for PDAC.” As a result, only around 20%
of patients are eligible for surgical resection at the time of
diagnosis.” Unlike gastric or colorectal cancer, the lack of
an effective screening method for PDAC is one of the rea-
sons that make early detection difficult. However, there are
several reports indicating that a favorable prognosis can be
expected when PDAC is detected in the early stage. In the
case of PDAC confined to the pancreatic parenchyma, the
5-year survival rate has been reported to be 34.3%." The
5-year survival rate of patients with PDAC smaller than 1
cm is up to 80.4% according to the Japan Pancreatic Can-
cer Registry." Therefore, early detection of PDAC is crucial
to improve prognosis.

Recently, endoscopic ultrasonography (EUS) has at-
tracted attention with its high sensitivity for detecting tu-
mors of the pancreas. In a review of 22 studies to compare
imaging modalities for the detection of pancreatic tumors,
the sensitivity of computed tomography (CT) was 74%,
whereas the sensitivity of EUS was up to 98%.” As EUS
can provide high-resolution images, it can be useful par-
ticularly when the tumor is small.’ For pancreatic tumors
smaller than 3 cm, the sensitivity of EUS, CT, and magnet-
ic resonance imaging has been reported as 93%, 53%, and
67%, respectively.” In clinical practice, it is not uncommon
to detect small pancreatic tumors on EUS, which had not
been identified on other imaging modalities (Fig. 1).

Thus far, the clinical characteristics, pathological stage
after surgery, and long-term prognosis of patients with
PDAC diagnosed by EUS but indeterminate on CT have
not been well established. The purpose of this study was
to identify the aforementioned parameters in patients with
PDAC diagnosed by EUS but indeterminate on CT.

MATERIALS AND METHODS

1. Patients

Between January 2003 and April 2019, the medical
records of patients with PDAC diagnosed by EUS but in-
determinate on CT from 12 tertiary referral hospitals in
South Korea were reviewed retrospectively. The inclusion
criteria were as follows: (1) age =18 years; (2) pancreatic
mass identified on EUS but indeterminate on CT; or (3)
histopathological diagnosis was established by EUS-guided
fine-needle aspiration (EUS-FNA) or surgically resected
specimens. The exclusion criteria were as follows: (1) pa-
tients with pancreatic mass clearly identified on CT; (2)
patients whose histopathological diagnosis was not con-
firmed; or (3) patients with pancreatic neoplasms other
than ductal adenocarcinoma, such as neuroendocrine
tumor or lymphoma. Data including the patient’s baseline
demographics, laboratory findings, pathological stages af-
ter surgery, and follow-up monitoring were also recorded.
The protocol was approved by the institutional review
board of each hospital enrolled in the study (Asan Medical
Center IRB approval number: $2019-1839-0004). The need
for informed consent was waived.

2. EUS technique

EUS was performed using a radial (GF-UM2000, GF-
UE260-AL5; Olympus Medical, Tokyo, Japan) or linear
array echoendoscopes (GF-UCT240-AL5, GF-UCT260;
Olympus Medical) for detecting the pancreatic mass. All
EUS-ENA procedures were performed using a linear array
echoendoscope connected to a processor featuring color
Doppler function (ProSound Alpha 5 or Alpha 10; Hitachi
Aloka Medical, Ltd., Tokyo, Japan or UM-ME1 or UM-
ME2; Olympus Medical). Experienced endosonographers
in each hospital performed all procedures with conscious
sedation (with midazolam or propofol combined with

Fig. 1. A 66-year-old male underwent an abdomen computed tomography (CT) scan for a medical checkup. (A] The CT scan showed diffuse pan-
creatic duct dilatation, but no mass-like lesions were identified in the pancreas (white arrow). (B) On endoscopic ultrasonography, an approximately
6-mm-sized hypoechoic mass was identified in the body of the pancreas (white arrowhead). Fine-needle aspiration confirmed it to be adenocar-
cinoma. Distal pancreatectomy was performed, and the pathological stage was IA. The patient was followed up over a period of 6 years without

recurrence.
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pethidine). Once masses were identified on EUS, the
largest diameter was measured. When EUS-FNA was
performed, the type and size of EUS-FNA needles were
determined according to the endosonographer’s preference
in each hospital. Contrast-enhanced EUS and rapid on-site
evaluation were not used in all cases in the study cohort.

3. CT protocol and definition of CT findings

Before EUS, CT was performed using a 64- or 256-de-
tector-row scanner. After the patients were given contrast
media intravenously, 3 phases of abdominal images (un-
enhanced, arterial, portal) were acquired with a standard
CT protocol in each hospital. Section thickness was 2.5
mm or 5 mm. Indeterminate CT findings was defined that
there were ancillary findings but no definitive mass in the
pancreas. The definition of each indeterminate CT finding
was as follows: (1) focal alteration of pancreatic parenchy-
mal attenuation: localized tissue enhancement that differs
from the surrounding pancreatic parenchyma described
by the radiologists; (2) bile duct dilatation: diameter of the
common bile duct greater than 8 mm; (3) pancreatic duct
dilatation: diameter of the main pancreatic duct greater
than 3 mm, 2 mm, and 1 mm in the head, body, and tail of
the pancreas, respectively; (4) double-duct sign: combined
dilatation of the common bile duct and pancreatic duct;
or (5) peripancreatic lymphadenopathy: enlarged lymph
nodes around the pancreas by 1 cm or more.

4. Staging workup

To determine the extent of the disease, staging workup
was performed for all patients. Positron emission tomog-
raphy-CT was performed in all but one patient, and chest-
CT was performed in 13 patients. All patients underwent
at least one of positron emission tomography-CT or chest-
CT for staging workup.

5. Outcomes

The baseline characteristics of the patient population,
pancreatic tumors, and procedural details were analyzed.
The primary outcome was overall survival (defined as the
time from date of PDAC diagnosis to date of death from
any cause) for all cohorts. The secondary outcomes were
progression-free survival (defined as the time from date of
PDAC diagnosis to earliest disease progression or death),
pathological staging based on surgically resected specimen
according to the American Joint Committee on Cancer
staging manual 7th edition, abnormal findings detected by
CT, and the findings of EUS and EUS-FNA for all enrolled
patients.
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6. Statistical analysis

Descriptive statistics such as the mean, median, stan-
dard deviation, and interquartile range were calculated to
summarize continuous variables. The sensitivity of EUS-
FNA for diagnosing PDAC was also quantified. Survival
analysis was performed using the Kaplan-Meier method.
Multivariable Cox regression was performed to identify
factors associated with overall survival. Using a backward
elimination, variables with p-value <0.2 on univariable
regression were included as covariates for multivariable
Cox regression. The results of the Cox regression were
presented as a hazard ratio with corresponding 95% confi-
dence interval (CI). Statistical significance was determined
as p<0.05. All statistical analyses were performed using R
software version 3.5.3 (R Foundation for Statistical Com-
puting, Vienna, Austria; http://www.R-project.org).

RESULTS

1. Patients’ characteristics

From January 2003 to April 2019, 83 patients who met
the inclusion criteria were identified. The mean age was
64.2 years (£10.9), and 46 patients (55.4%) were male. In
addition, 17 patients (20.5%) had a history of pancreatitis,
and three patients (3.4%) had a family history of PDAC.

Indications for abdominal CT were as follows: abdomi-
nal pain (n=47, 56.7%), medical checkup (n=17, 20.5%),
jaundice (n=11, 13.3%), weight loss (n=2, 2.4%), and fever
(n=1, 1.2%). Another five patients (5.9%) showed abnor-
mal CT findings during the surveillance of diseases in oth-
er organs. Elevated liver function (define as three or more
positive parameters including bilirubin, alkaline phos-
phatase, gamma-glutamyl transpeptidase, alanine trans-
aminase, and aspartate transaminase) and carbohydrate
antigen 19-9 (CA19-9) level (237 U/mL) were noted in 21
patients (25.3%) and 25 patients (30.1%), respectively.

Abnormal findings detected by CT are summarized in
Table 1. The most common abnormal finding was pan-
creatic duct dilatation, which was identified in 61 patients
(73.5%). Other findings were focal alteration of paren-

Table 1. Abnormal Findings on Abdominal Computed Tomography

Computed tomography findings No. of patients (%)

Pancreatic duct dilatation 61(73.5)
Focal alteration of parenchymal attenuation 14.(16.9)
Double-duct sign 10(12.0)
Bile duct dilatation 9(10.8)
Metastatic lymphadenopathy 8(9.6)
Splenic infarction 1(1.2)
Normal 1(1.2)




Ko SW, et al: Prognosis of Pancreatic Cancer Patients Diagnosed by EUS but Indeterminate on CT

chymal attenuation in 14 patients, double-duct sign in 10
patients, bile duct dilatation in nine patients, metastatic
lymphadenopathy in eight patients, and splenic infarction
in one patient. All lymph nodes identified on CT were re-
gional lymphadenopathy (e.g., lymph nodes in hepatoduo-
denal ligament) expected to be curatively resected. One
patient underwent CT for workup for a pancreatic mass
found by transabdominal ultrasonography during medical
checkup; however, no abnormal findings were noted on
the CT scan. The patient then underwent a EUS examina-
tion, and the mass was identified.

2. EUS findings

In all patients who underwent EUS, the pancreatic mass
was identified on EUS. The location of pancreatic mass on
EUS was as follows: head/uncinate process in 45 patients
(54.2%), body in 33 patients (39.8%), and tail in five pa-
tients (6%). The mean size of the masses was 15.3+4.6 mm
in the greatest dimension, and most of the masses were
smaller than 20 mm (n=75, 90.4%).

EUS-FNA was performed in 71 patients (85.5%). For
EUS-FNA, 22-gauge needles were used in 47 patients
(66.2%), and 25-gauge needles were used in 21 patients
(29.6%), and a 19-gauge needle in one patient (4.2%).
Among the 71 patients, EUS-FNA revealed definite ductal
adenocarcinoma in 45 patients (63.4%) and atypical cells
suspicious for adenocarcinoma in 15 patients (21.1%).
The remaining 11 patients did not reveal malignancy. As
a result, the pooled sensitivity of EUS-FNA for detecting
PDAC in patients with indeterminate abdominal CT find-
ings was 84.5%. The specificity, positive predictive value,
and negative predictive value were not calculated because
only patients confirmed as having PDAC were included in
this study. The findings of EUS and EUS-FNA are summa-
rized in Table 2. Magnetic resonance cholangiopancreatog-
raphy was performed in 66 patients (79.5%). Among them,

Table 2. Findings of EUS, EUS-FNA

Finding No. of patients (%)

Mass location on EUS

Head/uncinate process 45 (54.2)
Body 33(39.8)
Tail 5(6.0)
Size of mass
Mean+SD, mm 15.3+4.6
<20.0 mm 75 (90.4)
EUS-FNA 71 (85.5)
Adenocarcinoma 45 (63.3)
Atypical cells, suspicious for adenocarcinoma 15(21.1)

Inflammation 44.8)
Inadequate sample 7(10.8)

EUS, endoscopic ultrasonography; EUS-FNA, EUS-guided fine-
needle aspiration.

the mass was identified in 46 patients (69.7%) on magnetic
resonance cholangiopancreatography.

3. Pathological staging and survival analysis

Of the 83 patients, 79 patients underwent surgical
resection for PDAC. The remaining four patients either
refused surgery (n=2) or had a medical condition that was
unfit for surgery (n=2). Two patients received neoadjuvant
chemotherapy before surgery. Pancreaticoduodenectomy
or pylorus-preserving pancreaticoduodenectomy was per-
formed in 49 patients, and 30 patients underwent distal
pancreatectomy. RO resection was achieved in 63 patients
(79.7%). The pathological staging of surgically resected
specimens was performed according to the American Joint
Committee on Cancer staging manual 7th edition.® Sixty
patients (75.9%) showed no lymph node metastasis. The
postoperative pathological stages were as follows: IA (n=31,
39.2%), IB (n=8, 10.1%), IIA (n=20, 25.3%), IIB (n=17,
21.5%), III (n=2, 2.5%), and IV (n=1, 1.4%) (Table 3). In
addition, 41 patients received adjuvant chemotherapy after
surgery.

The median duration of follow-up was 22.7 months
(interquartile range, 13.7 to 52.8) in the study cohort. The
overall 1-year and 5-year survival rate was 93.4% (95%
CIL, 88% to 99.2%) and 50.6% (95% CI, 38.8% to 66.7%),
respectively (Fig. 2A). The overall 1-year and 5-year
recurrence-free survival rate was 70.3% (95% CI, 60.6% to
81.6%) and 36.6% (95% CI, 23.6% to 48.2%), respectively.
We also performed a multivariate Cox regression analysis
to identity variables relevant to survival. Age, sex, elevated
liver function test (LFT), elevated CA19-9, tumor location,

Table 3. pTNM Staging According to the American Joint Committee on
Cancer 7th Edition

Stage No. of patients (%)

T stage

T 33(41.7)

T2 9(11.4)

T3 36 (45.6)

T 1(1.4)
N stage

NO 60 (75.9)

N1 19 (24.1)
M stage

MO 78 (98.3)

M1 1(1.4)
TNM stage

IA 31(39.2)

B 8(10.1)

IA 20(25.3)

1B 17 (21.5)

M 2(2.5)

\% 1(1.4)
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Fig. 2. (Al The Kaplan-Meier curve of patients with pancreatic ductal adenocarcinoma diagnosed by endoscopic ultrasonography but indeterminate
on computed tomography. Over a median follow-up of 22.7 months [(interquartile range, 13.7 to 52.8 months), the overall 5-year survival rate was
50.6% (95% confidence interval, 38.8 to 66.7). (B) The Kaplan-Meier curve of patients according to liver function test (LFT). An elevated LFT result
was associated with a lower 5-year survival rate (15.4% vs 60.6%, log-rank p=0.005).

tumor size, pathologic staging, R1 resection, and lymph
node metastasis assessed as potential variables. On univari-
able Cox regression, elevated LFT, elevated CA19-9, tumor
location, pathological staging and R1 resection were found
to be eligible for further analysis. Application of multivari-
ate Cox regression analysis using backward elimination
demonstrated elevated LFT (hazard ratio, 2.25; 95% CI,
1.07 to 4.47, p=0.031) and R1 resection (hazard ratio, 2.68;
95% CI, 1.24 to 5.76, p=0.01) were significant predictors of
poorer survival in the final model. The results of the Cox
regression analysis are summarized in Table 4. Subgroup
analysis of overall survival by LFT was performed by the
Kaplan-Meier curve. The patients with elevated LFT had

478 www.gutnliver.org

a 5-year survival rate of 15.4% (95% CI, 4.41% to 54.1%),
whereas the patient with normal had a rate of 60.6% (95%
CI, 46.8% to 78.5%). The difference in overall survival be-
tween two groups was significant by log-rank test (p=0.005)
(Fig. 2B).

DISCUSSION

Our study examined the pathological stage and progno-
sis of patients with PDAC detected by EUS but indetermi-
nate on CT as well as their clinical characteristics.

CT provides wide anatomic coverage, allowing the lo-
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Table 4. Univariable and Multivariable Cox Regression Model for Overall Survival

Univariable analysis

Multivariable analysis

Variable
Hazard ratio 95% ClI p-value Hazard ratio 95% ClI p-value

Sex (male) 1.15 0.56-2.35 0.702
Age (265 yr) 0.81 0.62-2.48 0.549
Elevated liver function test 2.70 1.32-5.53 0.006 2.25 1.07-4.47 0.031
Elevated CA19-9 2.31 1.06-5.01 0.034
Tumor location

Head, uncinated process 2.06 0.96-4.41 0.063
Tumor size (>2 cm) 1.39 0.63-3.11 0.417
Pathological staging

Stage IB, II, I, IV vs I1A 2.11 0.95-4.71 0.068
R1 resection 18 1.50-6.61 0.002 2.68 1.24-5.76 0.01
Positive lymph node metastasis 1.60 0.74-3.48 0.234

Cl, confidence interval; CA19-9, carbohydrate antigen 19-9.

cal assessment of tumors (such as vascular involvement)
and the evaluation of distant metastasis in a single session.”
Due to these advantages, CT is the most widely used im-
aging modality for diagnosing PDAC,” and the National
Comprehensive Cancer Network guidelines recommend
CT as the first choice of imaging modality for patients with
clinically suspected PDAC." However, some tumors are
not detected by CT, especially when the size of the tumors

. 11,12
is smaller than 2 cm.

In a review of 19 comparative
studies covering 895 patients, the sensitivity of CT for the
detection of pancreatic masses was 53% to 92% (pooled
sensitivity, 74%), and the sensitivity of EUS was 87% to
100% (pooled sensitivity, 98%).” As EUS provides high-
resolution images, it can be more advantageous when the
tumor is small. For the detection of pancreatic tumors
smaller than 2 cm, EUS has been reported to have superior
sensitivity compared with CT (94.4% and 50%, respective-
ly).” Furthermore, given that EUS has a high negative pre-
dictive value for PDAC, if masses are not detected by EUS,
the possibility of PDAC may be excluded." Accordingly,
the Japan Pancreas Society has recommended EUS as one
of the diagnostic tools for patients with suspected PDAC."
The superior sensitivity of EUS in the detection of pan-
creatic tumors has been demonstrated consistently.'** All
these studies were single-center studies, and most studies
included patients with pancreatic tumors other than PDAC
and did not define indeterminate CT findings suggesting
PDAC. Therefore, it would be clinically significant to iden-
tify the characteristics of PDAC detected by EUS but in-
determinate on CT. Moreover, the pathological stage after
surgery and long-term prognosis and predictors of survival
in those patients was not established by previous studies.
In our study, we enrolled only patients with confirmed
PDAC from 12 tertiary referral centers in Korea. Pan-
creatic duct dilatation was most common finding on CT
when no definite mass was identified but other abnormal

findings were present, which was observed in 71 patients
(85.5%) (including double-duct sign). Studies have been
conducted to compare the diagnostic performance of CT
and EUS in detecting pancreatic tumors; however, few
have reported CT findings suggesting pancreatic tumors.
In the study by Wang et al,' multivariate analysis iden-
tified pancreatic duct dilatation as an independent risk
factor in the detection of PDAC by EUS (odds ratio, 7.24;
95% CI, 1.97 to 26.7). Several studies have demonstrated
that dilatation of pancreatic duct has a high probability of
being PDAC."”' Recently, Fujisawa et al.” investigated the
incidence of pancreatic duct dilatation and its relationship
with PDAC for healthy population who underwent medi-
cal checkups. Dilatation of pancreatic duct was predictive
factor for PDAC with odds ratio of 12.684 (95% CI, 1.70 to
94.48) in the logistic regression. This finding is in agree-
ment with the result of our study. Therefore, EUS must be
considered for patients suspected to have PDAC but with
indeterminate CT findings, especially for those who show
pancreatic duct dilatation.

Data regarding the distribution of pathological stages
after surgery and long-term prognosis of patients with
PDAC diagnosed by EUS but indeterminate on CT are
limited. All but four patients in our study underwent pan-
creatic resection. The pathological stages of the surgically
resected specimens from 79 patients was determined;
around half of them were classified as stage IA or IB (n=39,
49.3%). More notably, around 75% of the enrolled patients
had negative peripancreatic lymph nodes. Over a median
follow-up of 22.7 months, the 5-year survival rate was
50.6% (95% CI, 38.8 to 66.7), which was superior to the
survival rate of PDAC recently reported by the Surveil-
lance, Epidemiology, and End Results Program of the Na-
tional Cancer Institute (9.3%).' Around half of our patients
were classified as stage I, and many of them did not have
lymph node metastasis. Lymph node metastasis is a well-
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established negative predictor of survival in patients with
PDAC who underwent surgery. In comparison with pa-
tients without metastasis, patients with lymph node metas-
tasis after surgery have been found to have a worse survival
outcome.”* Therefore, in the present study, early detec-
tion of tumors by EUS may have contributed to a favorable
clinical outcome.

In this study cohort, elevated LFT and RI resection
were identified as significant prognostic factors of survival
on a multivariable Cox regression. R1 resection is a well-
established poor prognostic factor after PDAC surgery;”
however, the role of elevated LFT as a prognostic factor in
patients with PDAC is rarely investigated yet. In the pres-
ent study, the locations of the masses in the patients with
elevated LFT were pancreatic head or uncinate process,
the proportion corresponding to stage IA was significantly
lower than that of patients with normal LFT (11.01% vs
56.9%, p=0.013). However, elevated LFT was still a sig-
nificant predictor of survival after adjusting potential con-
founding factors by multivariable Cox regression. Darnell
et al.” reported preoperative cholangitis was a risk factor
for mortality after pancreaticoduodenectomy. While all
patients in the study by Darnell et al. were borderline re-
sectable PDAC who received neoadjuvant chemotherapy,
most of the patient in this study, except for two, were re-
sectable without requiring preceding anticancer treatment.
The impact of elevated LFT in such patients is unclear. To
the best of our knowledge, there is no study that has sys-
tematically investigated the impact of elevated LFT in pa-
tients with early PDAC eligible for surgery. Given that the
elevated LFT in pancreatic head cancer is a marker of bile
duct invasion,” it is assumed extent of cancer beyond the
pathological staging affects the prognosis. Further studies
with a larger number of patients are warranted to validate
this result.

This study has some limitations. First, the design of the
study was retrospective. Retrospective studies are more
susceptible to selection bias.” However, our study involved
12 referral hospitals in Korea, which should limit biases
in the patients’ characteristics. Second, CT protocols such
as slice thickness were not standardized due to the multi-
center study design. As the spatial resolution of CT is influ-
enced by slice thickness,” the patient’s characteristics may
be different if the CT protocols of the enrolled hospitals
were standardized. Third, diagnostic accuracy of EUS for
vascular invasion could not be evaluated due to retrospec-
tive study design. Finally, our study only included patients
with masses detected by EUS. As EUS remains largely
operator-dependent™ and the likelihood of a false-negative
may increase in patients with chronic pancreatitis, diffuse-
type carcinoma, or a recent episode of acute pancreatitis,”
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the characteristics and prognosis of patients with PDAC
whose masses were not found on both CT and EUS were
not compared. Therefore, further studies will be necessary
to investigate the role of EUS in diagnosing PDAC in pa-
tients with the aforementioned diseases.

To the best of our knowledge, this is the first study to
establish the pathological stages, long-term prognosis and
predictors of survival in patients with PDAC diagnosed by
EUS but indeterminate on CT. The patients in the study
demonstrated a favorable prognosis compared with the
previously reported prognosis of patients with PDAC,
which may be attributed to the detection of tumors by EUS
in the early stage. EUS should be considered for patients
with suspected PDAC but with indeterminate CT findings,
as early detection of PDAC by EUS is associated with fa-
vorable survival.
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