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Abstract

Background and Aims: This study aimed to examine the diagnostic ability of

endoscopic ultrasonography (EUS) for major vascular invasion in pancreatic

cancer and to evaluate the relationship between EUS findings and

pathological distance.

Methods: In total, 57 consecutive patients who underwent EUS for

pancreatic cancer before surgery were retrospectively reviewed. EUS image

findings were divided into four types according to the relationship between

the tumor and major vessel (types 1 and 2! invasion, types 3 and 4:

non-invasion). We also compared the EUS findings and pathologically

measured distances between the tumors and evaluated vessels.

Results: The sensitivity, specificity, and accuracy of EUS diagnosis for

vascular invasion were 89%, 92%, and 91%, respectively, in the veins and

83%, 94%, and 93%, respectively, in the arteries. The pathologically

evaluated distances of cases with type 2 EUS findings were significantly



shorter than those of cases with type 3 EUS findings in both the major veins

(median [IQRI, 96 [0-742] um vs. 2833 [1076-5694] pm, P = 0.012) and

arteries (623 [0-854] pm vs. 3097 [1396-6000] pm, P = 0.0061). All cases

with a distance of >1000 pm between the tumors and main vessels were

correctly diagnosed.

Conclusions: Tumors with a distance >1000 um from the main vessels were

correctly diagnosed by EUS.



INTRODUCTION

The incidence of pancreatic cancer has gradually increased in the 20th

and early 21st century.>2 In fact, pancreatic cancer is the sixth most common

cancer and one of the leading causes of cancer-related mortality.l3

Pancreatic cancer is associated with poor prognosis, with less than 5% of

patients surviving 5 years after diagnosis.?4 This poor survival is the result

of late diagnosis and low rate of complete resection.>7

Surgical resection is the only potential cure for pancreatic cancer, and

complete histologic resection with negative margin is an independent

predictor of postoperative survival.* In the absence of metastatic lesion,

which precludes resection, accurate assessment of vascular invasion,

especially the major arteries (superior mesenteric artery [SMA], celiac artery

[CA], and common hepatic artery [CHA]) and the major veins (superior

mesenteric vein [SMV] and portal vein [PV]), is an important factor for

determining the resectability of pancreatic cancer.®? Vascular invasion is a

relatively frequent discovery in pancreatic cancer, and it is found in 21-64%



of patients, depending on the study population.?.10

Although contrast-enhanced computed tomography (CECT) is currently the

“gold standard” for preoperative staging of pancreatic cancer, not all patients

can be evaluated by CECT because of allergy to the contrast agent.

Endoscopic ultrasonography (EUS) is commonly performed to evaluate

pancreatic cancer and is considered one of the most accurate preoperative

examinations for staging of pancreatic cancer.!2 EUS can accurately

evaluate pancreatic cancer without using a contrast agent. EUS has good

spatial resolution ability, and some recent studies have revealed the

accuracy and interobserver reliability of EUS for diagnosis of vascular

invasion and staging of pancreatic cancer.!>16 However, there is no

consensus on the role of EUS in preoperative imaging assessment of

pancreatic cancer.

Our study aimed to examine the diagnostic ability of EUS for vascular

Invasion in pancreatic cancer, and to compare EUS findings and

pathologically measured distances between pancreatic cancers and major



vessels.



MATERIALS AND METHODS

Patients

The medical records of all patients who underwent EUS for detecting

pancreatic cancers before surgical resection at Okayama University Hospital

between January 2013 and June 2016 were retrospectively reviewed. All

registered patients underwent surgical resection and were confirmed to have

pancreatic cancers by histopathological findings obtained from surgical

specimens. Patients on neoadjuvant chemotherapy were excluded. All

patients had provided written informed consent to undergo EUS. This study

was approved by the institutional review board of our hospital.

Procedures of EUS

EUS examinations were performed by two well-experienced endoscopists

using a curved linear array scanning scope (UCT260; Olympus, Tokyo,

Japan) with Aloka console (Prosound SSD-a10; HITACHI Aloka, Tokyo,

Japan) or UE-ME2 (Olympus Medical Systems, Tokyo, Japan)



monitor/processing unit. Fasting patients were examined using EUS under

Iintravenous sedation with midazolam. Locoregional staging was performed

according to the general rules for the study of pancreatic cancer by the Japan

Pancreas Society.l” We divided the EUS findings into four types in

accordance with the relationship between tumors and major vessels, namely

type 1, clear invasion, encasement of vessel by a tumor; type 2, a tumor that

contacts a vessel with loss of the hyperechoic vessel layer; type 3, a tumor

that contacts a vessel without loss of the hyperechoic vessel layer; and type 4,

clear non-invasion, existence of distance between a tumor and a vessel (Fig.

1). We regarded types 1 and type 2 as signs of vascular invasion and types 3

and 4 as signs of vascular non-invasion. We evaluated PV, SMV, and SMA

for tumors in the pancreatic head, and SPV and SPA for tumors in the

pancreatic body or tail. In each case, both the main arteries and veins were

evaluated.



Outcome measurements and definitions

The primary outcome of this study was to evaluate the diagnostic accuracy of

EUS for vascular invasion in pancreatic cancer. The final diagnosis of

vascular invasion was confirmed by pathological evaluation of a surgically

resected specimen.

The secondary outcome was to compare the EUS finding and pathologically

measured distance between pancreatic cancer and the observed vessel. We

pathologically measured the distances between the vessels and the

pancreatic cancers in cases diagnosed as type 2 and type 3 EUS findings

with pathologically vascular non-invasion. We cut the surgically resected

specimens into sections with 3-mm intervals and evaluated them

pathologically. In this study, we pathologically measured the shortest

distance between the pancreatic cancer and the observed vessels, and then

used the measured distance. In evaluation of all SMAs, PVs, and SMVs that

were not surgically excised together with the tumors, the distances between

the pancreatic cancers and resection stumps were regarded as distances

10



between the tumors and vessels. We compared the pathologically measured

distances in cases with type 2 EUS finding and those with type 3 EUS

finding.

Statistical analyses

Categorical variables were reported as percentages and continuous variables,

as medians and interquartile range (IQR). The sensitivity, specificity, and

accuracy of EUS diagnosis for vascular invasion were calculated with 95%

confidence intervals (95% CI). Wilcoxon’s rank sum test and Kruskal-Wallis

test were used to compare continuous data. Fisher’s exact test was used to
p

compare categorical data. Statistical analyses were performed using JMP

Pro13 for Mac (JMP 13; SAS Institute Inc., Cary, NC, USA).

RESULTS

Patient characteristics

In total, 57 consecutive patients (33 male; median age, 70 [IQR, 65-74]

11



years) were included in this study. Table 1 summarizes the patient

characteristics. The preoperative cancer stages of the patients were as

follows: 13 patients in Stage IA, 18 patients in Stage IB, 22 patients in Stage

ITA, 3 patients in Stage IIB, and 1 patient in Stage II1.17 The median size of

the pancreatic lesions was 26 (IQR, 18-33) mm. Histological types of

pancreatic cancers were as follows: well- or moderately differentiated

tubular adenocarcinoma in 44 patients (77%), poorly differentiated

adenocarcinoma in 8 patients (14%), papillary adenocarcinoma in 3 patients

(5%), and mucinous adenocarcinoma in 2 patients (4%). For measurement of

distances between the tumors and vessels, 19 (33%) cases with a major vein

and 34 (60%) cases with a major artery were evaluated to measure the

distance from the surgically resected stump. In other cases, the distances

between the tumor and surgically resected vessels were measured.

Evaluation of vascular invasion by EUS

For the 31 tumors located in the pancreatic head, we evaluated 15 SMVs, 16

12



PVs, and 31 SMAs. Similarly, for the 26 tumors located in the pancreatic

body or tail, we evaluated 26 SPVs and 26 SPAs. We evaluated the

diagnostic abilities for the major veins (SMV, PV, and SPV) and arteries

(SMA and SPA). The sensitivity, specificity, positive predictive value (PPV),

negative predictive value (NPV), and accuracy of EUS diagnosis were 89%

(16/18), 92% (36/39), 84% (16/19), 95% (36/38), and 91% (52/57), respectively,

for the major veins and 83% (5/6), 94% (48/51), 63% (5/8), 98% (48/49), and

93% (53/57), respectively, for the major arteries (Table 2).

The relationships between EUS finding and pathological diagnosis for

vascular invasion are shown in Tables 3 and 4. All cases regarded as types 1

and 4 by EUS were correctly diagnosed in both, the major veins and arteries.

Three of 14 cases with type 2 and 2 of 23 cases with type 3 were incorrectly

diagnosed in the major veins. All 3 cases with type 2 and 1 of 34 cases with

type 3 were incorrectly diagnosed in the major arteries.

Relationship between EUS finding and pathologically evaluated distance

13



between the tumor and vessel

To evaluate the pathological distance between the tumor and major veins,

we compared 3 cases with type 2 and 21 cases with type 3. The pathological

distances of 3 cases with type 2 EUS findings were O pm, 96 um, and 742 pm.

The median distance of 21 cases with type 3 EUS findings was 2833 (range:

508-18000) um. The distances of the cases with type 2 EUS findings were

significantly shorter than those of cases with type 3 EUS findings (median

[IQR], 96 [0-742] pm vs. 2833 [1076-5694] pm, P=0.012) (Fig. 2a).

To evaluate the pathological distance between a tumor and a major artery,

we compared 3 cases with type 2 and 33 cases with type 3. The distances of 3

cases with type 2 were 0 pm, 623 pm, and 854 pm. The median distance of 33

cases with type 3 was 3097 (range: 700—18000) um. The distances of cases

with type 2 were also significantly shorter than those of cases with type 3

(median [IQRI, 623 [0-854] um vs. 3097 [1396—6000] pm, P = 0.0061) (Fig.

2b).

Cases with incurred diagnosis are shown in Table 5. There was little (<900

14



um) or no distance between the tumors and observed vessels in all

false-positive cases (Figs. 3 and 4). All tumors with a distance of >964 um

from the major veins and that of >1000 um from the major arteries were

correctly diagnosed as type 3.

DISCUSSION

Accurate evaluation of vascular invasion in patients with pancreatic cancer

1s very important to determine the resectability of pancreatic cancer and to

predict the prognosis.’823 Although CECT is currently the “gold standard”

for preoperative staging of pancreatic cancer, not all patients can be

evaluated by CECT, because a few patients have allergy to the contrast

agent, and some patients have decreased renal function. Approximately 0.6%

of patients experience allergic reactions on administration of iodinated

contrast medium.2* EUS can accurately evaluate pancreatic cancer without

using contrast agent.

15



Although EUS has recently shown a good ability to detect vascular invasion,

evaluation by EUS is highly operator dependent. In a meta-analysis

involving evaluation of the vascular invasion ability of EUS and CT in

patients with pancreatic cancer, the sensitivity, specificity, PPV, and NPV of

EUS were 86%, 93%, 88%, and 90%, and those of CT were 58%, 95%, 90%,

and 75%.14 Although EUS has a higher sensitivity than that of CT, the

specificity of both EUS and CT is comparable. In patients who underwent

CECT, the sensitivity, specificity, PPV, NPV, and accuracy of CECT were 77%

(13/17), 90% (36/40), 59% (13/17), 90% (36/40), and 86% (49/57), respectively,

for the major veins and 86% (6/7), 88% (44/50), 50% (6/12), 98% (44/45), and

91% (52/57), respectively, for the major arteries. Five patients whose major

veins were evaluated and four patients whose major arteries were evaluated

were correctly diagnosed by EUS; however, the CECT diagnosis was

incorrect. For arterial evaluation, the sensitivity of CECT was superior to

that of EUS. Conversely, for venous evaluation, the diagnostic ability of EUS

was superior to that of CECT. This study suggested that EUS is more

16



accurate than CECT for detection of major vein invasion, which was

consistent with previous reports.?>26 Zhang et al. reported a meta-analysis

that compared CECT and MRI for preoperative vascular evaluation of

pancreatic cancers.?’ The sensitivity and specificity were 71% (64—78%) and

92% (89-95%), respectively, by CECT, and 67% (59—74%) and 94% (91-96%),

respectively, by MRI, with no significant difference. Compared to CECT and

MRI, magnetic resonance angiography did not provide any additional

information on vascular staging in this study.

Our results agree with those of previous studies and indicate that EUS is a

good method to evaluate the locoregional staging of pancreatic cancer,

especially vascular invasion.!316 The sensitivity, specificity, and accuracy of

EUS in this study appeared to be higher than those in several previous

studies. However, the sensitivity, specificity, and accuracy of EUS in this

study were almost similar to those in recent studies.!428 This similarity

could be attributed to the continually improving EUS technique; use of Aloka

10 or UE-MEZ2 as the monitor/processing unit, yielding a high-resolution

17



EUS image; and performance of EUS examinations by well-experienced

endoscopists.

In this study, eight patients were diagnosed with vascular invasion to a

major artery. Of these, seven patients were diagnosed with tumor invasion to

the SPA; these patients underwent upfront surgery. One patient with type 2

EUS finding was suspected for invasion to the SMA. The CECT image did

not show suspicion of SMA invasion. Therefore, the patient was scheduled

for surgery after a discussion among the surgeons. Finally, the evaluation of

the surgically resected specimen did not show vascular invasion.

To the best of our knowledge, there is no previous study that pathologically

measured the distance between the tumor and the observed vessel, and

compared this distance with EUS finding. According to the results of our

study, tumors with loss of the extra-hyperechoic vessel layers were

significantly nearer from the observed vessels in pathological specimen than

those with existence of hyperechoic vessel layers were. There was little (<900

pm) or no distance between tumors and vessels in all false-positive cases. All

18



tumors with a distance >964 um from the major veins and >1000 um from the

major arteries were correctly diagnosed by EUS.

This study showed that EUS has a high diagnostic ability for vascular

invasion. Our result could be useful not only for pancreatic cancer but also

for some tumors that may potentially invade a major artery. For example,

vascular invasion to the right hepatic artery should be evaluated in patients

with bile duct or gallbladder cancer.

This study has some limitations. First, it was retrospectively conducted at a

single center, with a relatively small sample size. Second, all EUS

examinations were performed with knowledge of prior CT or MRI findings.

Third, we evaluated PV, SMV, SPV, SMA, and SPA; however, no case

included CHA as the evaluated vessel in this study. Fourth, in pathological

evaluation, we could not directly measure the distance between the tumor

and the observed vessel, such as SMA, SMV, and PV, because the vessels

were peeled from the tumors in the absence of invasion. Therefore, we

regarded the shortest distance between the tumor and cut-off stump as the

19



distance between the tumor and vessel in such cases. Hence, we may have

possibly underestimated the distance between the tumor and vessel in this

study. Moreover, the distance differed with the slice of the resected

specimens and the cutting method used for sectioning the surgically resected

specimens.

In conclusion, EUS is a highly useful tool to detect vascular invasion in

patients with pancreatic cancer. Our results revealed that the EUS finding

of loss of the hyperechoic vessel layers indicated pathologically short

distance between the tumor and vessel. Pancreatic cancers with a distance

>1000 pm from the major vessels were correctly diagnosed as vascular

non-invasion by EUS.
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FIGURE LEGENDS

Fig. 1. Classification of EUS findings into four types in accordance with the

relationship between tumors and major vessels

(a) Type 1: clear invasion, encasement of vessel by tumor

(b) Type 2: a tumor that contacts a vessel with loss of hyperechoic vessel

layer

(c) Type 3: a tumor that contacts a vessel without loss of hyperechoic vessel

layer

(d) Type 4: clear non-invasion, existence of distance between a tumor and a

vessel

Fig. 2. Box plots of distances between pancreatic cancers and pathologically

evaluated vessels

Box plots of the distances from the evaluated major veins (Fig. 2a) and major

arteries (Fig. 2b) to pancreatic cancers in cases of type 2 and type 3 EUS

findings with no vascular invasion
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The distances of the cases with type 2 EUS finding were significantly shorter

than those of cases with type 3 EUS finding in both, the veins and arteries.

Fig. 3. False-positive case of pancreatic cancer in transition of head and body,

with a size of 55 mm.

a: This case was diagnosed as type 2. The pancreatic tumor (arrowhead)

contacting the superior mesenteric vein (SMV: arrow) with the loss of the

hyperechoic vessel layer, as observed by EUS.

b: CT image showing pancreatic tumor (arrowhead) contact SMV (arrow).

c: Pathological evaluation showing a distance of 742 um between the tumor

and SMV (hematoxylin—eosin stain, x20).

d: No invasion to vessel was verified using Elastica van Gieson staining

(x40).

Fig. 4. False-positive case of a pancreatic cancer in tail with a size of 45 mm.

a: This case was diagnosed as type 2. The pancreatic tumor (arrowhead)
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contacting the splenic artery (SPA: arrow), with the loss of the hyperechoic

vessel layer, as observed by EUS.

b: Computed tomography image showing the pancreatic tumor (arrowhead)

in contact with the SPA (arrow).

c: Pathological evaluation showing a distance of O pm between the tumor and

SPA (hematoxylin—eosin staining, x20).

d: Although proliferation of the tumor cells surrounding the SPA was

observed, no invasion to vessel was verified in Elastica van Gieson staining

(x40).
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