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' Case Report

Early venous return in hepatic angiomyolipoma due to an
intratumoral structure resembling an arteriovenous fistula
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Early venous return (EVR) is an important radiological feature
of hepatic angiomyolipoma (HAML) that can aid in differential
diagnosis, but the pathogenic mechanisms of EVR have yet to
be elucidated. We present the first HAML case for which a
probable mechanism for EVR is described. The patient was a
46-year-old woman, who had a growing 6-cm tumor with EVR
in segment 3 of the liver as revealed by dynamic contrast-
enhanced computed tomography. Left hepatic lobectomy
was performed to prevent tumor rupture. Histopathological
and immunohistochemical analyses of the excised tumor indi-
cated HAML. Successive microsections of the tumor were
stained with hematoxylin—eosin and Victoria blue to visualize
the vascular structure within and around the tumor. These
analyses led to three major findings. First, many well-defined
thick-walled vessels, such as arteries, were found entering the
tumor. Second, many thick-walled vessels within the tumor

were connected directly to thin-walled vessels, resembling
arteriovenous fistulae. Finally, thin-walled intratumoral
vessels were connected directly to the hepatic vein. These
histological findings suggested that the rich arterial flow into

. the tumor was being rapidly drained into the hepatic vein

through intratumoral arteriovenous connections. We also
detected these same anomalous circulatory pathways in
tissue sections from three of four additional HAML cases with
EVR. Aberrant arteriovenous fistulae within the tumor may
account for many cases of EVR in HAML patients.
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INTRODUCTION

NGIOMYOLIPOMA IS A rare tumor that most often

arises in the kidney or liver.” Since the first discovery
of hepatic angiomyolipoma {HAML) by Ishak in 1976,
over 200 cases have been reported worldwide.! Renal
angiomyolipoma may lead to tuberous sclerosis,
whereas HAML does not.® Recent genetic analysis of
HAML has shown that it is a true benign mesenchymal
tumor.* Nonetheless, HAML should be accurately
diagnosed and closely monitored as some cases show
malignant ‘transformation.**” 'Yang etal. suggested
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conservative management of HAML even in asymptom-
atic patients if they meet the following criteria: (i) tumor
size smaller than 5 cm; (ii) angiomyolipoma confirmed
through fine-needle aspiration biopsy; (iii) patients
with good treatment compliance; and (iv) negative for
the hepatitis virus.’ ‘
Angiomyolipoma is characterized by a heterogeneous
mixture of smooth muscle cells, mature adipose tissue
and thick-walled blood vessels.®® It is not difficult to
diagnose pathologically by immunoreactivity to anti-
bodies against HMB-45 and o-smooth muscle actin
(o-SMA).° However, it can be difficult to diagnose dini-
cally because the variable admixtures of smooth muscle,
adipose tissue and blood vessels confer a variety of
imaging presentations that can resemble other patholo-
gies.’? It is especially important to differentiater HAML
from hepatocellular carcinoma (HCC) because these
pathologies have similar radiological features but mark-
edly different prognoses. Several recent reports using
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dynamic contrast-enhanced computed tomography
(CT) have suggested that early opacification of the
HAML drainage vein, or early venous return (EVR, also
termed early venous drainage) is a useful feature for
distinguishing HAML from HCC."'-"* However, no pre-
vious reports have investigated the mechanism of EVR
in HAML. We present the first HAML case in which
EVR is explained mechanistically by formation of
intratumoral arteriovenous connections and drainage of
intratumoral veins into the hepatic vein. Moreover, his-
topathological analysis of other resected samples from
our institute indicated this aberrant vascular pattern in
three of four additional cases of HAML with EVR.

CASE REPORT

46-YEAR-OLD WOMAN was diagnosed with a
hepatic mass during a routine health chedup
. 2years prior. Blood examinations revealed no abnor-
malities; however, the first abdominal ultrasonography
(US) when she was 44 years old revealed a round,
well-demarcated, 4-cm mass in segment 3 of the liver
showing a heterogenic high echo. Contrast-enhanced
US with galactose microparticles initially showed tumor
vessels followed by complete tumor enhancement in the
early arterial phase and staining of the whole tumor
parenchyma as well as the surrounding liver in the late
vascular phase (5 min later).

Unenhanced CT showed a hypoattenuated lesion
relative to the liver parenchyma (Fig. 1a). Dynamic
contrast-enhanced CT demonstrated heterogeneous
tumor hyperattenuation in the arterial phase, heteroge-
neous iso-attenuation in the portal venous phase and
hypoattenuation in the equilibrium phase with an
irregular shape (Fig. 1b-d). Contrast-enhanced CT scans
obtained during the arterial phase also showed early
opacification of the left hepatic vein (Fig: 1b), suggest-
ing early drainage within the tumor because at this time
point, the right and middle hepatic veins were not
opacified. '

The tumor was hyperintense on T,-weighted fast-spin
echo magnetic resonance images and hypointense on
Ti-weighted spin-echo images. No fat component was
detected in the lesion, even on Ti-weighted in-phase or
out-of-phase gradient-echo images.

We diagnosed this tumor as HAML with a minimal fat
component. During follow up 19 months after initial
presentation, when the patient was 46 years old, the
tumor size was confirmed to be 6 cm, and we planned to
conduct angiography for differential diagnosis. Proper
hepatic arteriography, which had no vascular anomaly
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and no iatrogenic artifacts, revealed a large hypervascu-
lar tumor with prominent vascular structures and early
returning veins connecting to the left hepatic vein.
Single-level dynamic CT during hepatic arteriography
(CTHA) showed extremely marked hyperattenuation in

~ the tumor, followed by early hypoattenuation in the left

hepatic lobe compared to the right lobe. The drainage
vein of the tumor connecting to the left hepatic vein was
opacified earlier than the middle and right hepatic veins
(Fig. le~h, see Video 1, Supporting Information, which
demonstrates single-level dynamic CTHA). A CT scan of
the entire liver during hepatic arteriography revealed a
hypervascular main tumor and hypoattenuation of the
surrounding left lobe. The left lobe also exhibited three
new smaller hypervascular nodules, two of which were
located in segment 4 and the other in segment 2
(Fig. 1i). CT during arterial portography revealed no
difference in attenuation between the right and left

" lobes, whereas the main tumor and the three nodules

were hypoattenuated relative to the surrounding liver
(Fig. 1j).

We suspected that the main lesion was a malignant
tumor, such as HAML with malignant change or HCC,
because of the appearance of three new hypervascular
nodules. It was judged that this tumor could rupture if
left untreated, and therefore, we performed left hepatic
lobectomy.

Pathological findings

The main tumor in segment 3 was a 6-cm elastic soft
tumor that appeared to protrude from the hepatic
serosa. The cut surface of a fresh tumor specimen was
yellowish with no capsule and a small amount of hem-
orthage (Fig. 1k). Three whitish nodules were found,
measuring 7 mm and 4 mm in segment 4 and 3 mm in
segment 2 (Fig. 1k). Histologically, the main tumor
comprised adipose tissue, sheets of tumor cells with rich
eosinogranular cytoplasm, and irregular vessels. The
tumor cells were immunoreactive to antibodies against
o-SMA (dilution 1:100; Dako, Glostrup, Denmark)
and HMB-45 (dilution 1:10; Dako), confirming HAML
(Fig. 2a~c). The three satellite nodules were composed
of hyperplastic hepatocytes with proliferating bile
ductules and thick-walled arteries, suggesting focal
nodular hyperplasia (FNH) (Fig. 2d).

Radiological-pathological correlation

To ihvestigate the pathological mechanism of EVR, 60
successive microsections, one for every 3 um of
HAML thickness, were prepared and stained with
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Figure 1 Images of the tumor acquired
during the first examination. (a) Unen-
hanced computed tomography (CT)
showing a hypoattenuated lesion rela-
tive to the surrounding liver. (b)
Contrast-enhanced CT obtained during
the arterial phase showing a markedly
hyperattenuated mass with™ eaily
venous return (arrows). (c) In the
portal venous phase, the mass exhibits
heterogeneous iso-attenuation. (d) In
the equilibrium phase, the mass
exhibits hypoattenuation. Single-level
dynamic CT during hepatic arteriogra-
phy (see Video 1, Supporting Informa-
tion, which demonstrates the entire
procedure). (e) Tiny vessels are evident
in the tumor periphery at 4s. (f) The
main tumor shows strong heteroge-
neous enhancement, and attenuation
of the left lobe (bearing the tumor) is
lower than that of the right lobe at 6 s
(black arrowheads). (g) Two early
draining veins connecting to the left
hepatic vein can be seen at 8 s (black
arrow). (h) Tortuous veins are evident
within the tumor (white arrowheads).
Opacification of the middle and right
hepatic veins can be seen at 15 s (white
arrows). (i) CT during hepatic arteriog-
raphy shows a hypervascular main
lesion and one of three other small
hypervascular lesions (arrow) in the left
Iobe. Attenuation of the left lobe is
lower than that of the right lobe. (j) On
CT during arterial portography, the
large lesion shows a portal perfusion
defect and the small lesion (arrow)
shows decreased portal perfusion. Note
iso-attenuation of the left and right -
lobes, indicating normal portal venous
flow in both lobes. (k) Cut surface of
the resected specimen corresponding to’
the CT slice. The main tumor contains
scattered hemorrhagic foci. This section
also captures one of the three small
lesions (arrow) seen on CT.

hematoxylin-eosin and Victoria blue (HE-VB) for histo- tions revealed that these peripheral thick-walled vessels
logical identification of the intratumoral vessels. Many were probably arteries entering the HAML (Fig. 3a-¢;
thick-walled vessels composed of elastic fibers and see Video 1, Supporting Information), but with no
stained with VB were observed around Glisson's capsule corresponding veins (termed unpaired arteries in the
in the tissue adjacent to the HAML. Successive microsec- peripheral tumor [UAPT]). Within HAML were many

® 2013 The Japan Society of Hepatology



Hepatology Research 2014; 44: 700-706

Figure 2 (a) Microscopic features of
. the main tumor, induding many thick-
walled vessels resembling “unpaired
arteries”, thin-walled vessels such as
veins, adipose tissue and smooth
musde (hematoxylin—eosin [HE]). (b)
o-Smooth muscle actin (SMA). (c) e
HMB-45. (d) Microscopic features of ¥
the small peripheral lesions demon-
strate clear demarcation (dotted line),
degenerative muscular arteries (arrow)
and proliferation of bile ductules in a
fibrosis stroma without portal veins
(inset) (HE). Scale bar, 200 pum. (d) The
dotted line represents the boundary
between the lesion (L) and non-lesion

(N).

thin-walled vessels, dilated, sinusoid-like vessels, and
thick-walled vessels, resembling arteries, connected
directly by structures resembling arteriovenous fistulae
(SRAVF) (Fig. 3d-f, see Video 1, Supporting Informa-
tion). These abnormal thin-walled vessels were also con-
nected directly to the extratumoral hepatic vein in the
surrounding liver (Fig. 3g-i, see Video 1, Supporting
Information), which we termed “connections of tumor
vessels with the hepatic vein” (CIVHV). In addition,
there were many dilated hepatic veins around the
HAML. ' )

Review of HAML cases in a single institution

Since 2001,. four other cases of HAML were treated by
surgical resection in our hospital. In three of these four
cases, EVR was detected in the arterial phase of contrast-
enhanced CT (Fig. 4, See Video 2, Supporting Informa-
tion). For each case, we tried to find the three major
pathological characteristics UAPT, SRAVF and CITVHVin
HE-stained sections (Fig. 4). UAPT and CIVHV were
found in all cases. Furthermore, SRAVF were found in
cases 2, 3 and 4, but these structure were absent in case
5. Cases 2 and 3 also exhibited many dilated hepatic
veins around HAML.

DISCUSSION

NLY 10 CASES of HAML with EVR have been
reported in English-language published work.'*-**
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Only one previous case report has discussed the reasons
for EVR in HAML based solely on radiological findings,
which included the presence of a dilated intratumoral
central vessel and connection of this vessel directly with
the extratumoral hepatic vein.’® However, no previous
study has comelated imaging results with high-
resolution tumor histopathology. ’

The three unique features, such as UAPT, SRAVF and
CIVHV of the tumor circulation, were revealed by his-
topathological analysis in both the primary study case
(case 1) and three of the four additional cases of HAML
with EVR resected at our institution. The only exception
was case 5, a patient with a 20-mm tumor and no detect-
able SRAVF. This result suggested that in most cases of
HAML with EVR, there are aberrant changes in hemody-
namics. Rich arterial flow through thick-walled vessels
entering the tumor (which can be regarded as equivalent
to “unpaired arteries” in HCC) indicate that most HAML
tumors are markedly hypervascular. However, blood is
rapidly drained into the hepatic vein through abnormal
arteriovenous connections resembling arteriovenous fis-
tulae (AVF), resulting in EVR observed in the arterial
phase of dynamic contrast-enhanced CT.

The fifth case of HAML showed no SRAVF. Because the
density of thick-walled blood vessels is different in each
tumor, we could not measure the proportion of SRAVF.
HAML is characterized by a heterogeneous mixture of
smooth muscle cells, mature adipose tissue and thick-
walled blood vessels, with. a region of thick-walled
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Figure 3 (a—c) Successive microsections stained for hematoxylin-eosin and Victoria Blue (HE-VB) show thick-walled vessels

resembling arteries (*) entering the hepatic angiomyolipoma (HAML) from near the normal Glisson's capsule (scale bar, 200 pm).
(d-f) Thick-walled vessels (*) connect with thin-walled vessels (arrow) in the HAML (HE-VB staining; scale bar, 200 pm). (g-i)
Thin-walled vessels connect directly with the hepatic vein (white arrow) outside the HAML (HE-VB staining; scale bar, 2 mm). (g)
Inset (higher magnification view of squared section). CD31 expression detected by anti-CD31 antibody in the endothelial cells of
the vessel area is shown (also see Video 1, Supporting Information). These three series of microsections were independent vessels.
(a.c.g 1) The dotted line represents the boundary between the tumor (T) and surrounding normal tissue (N).

blood vessels and SRAVF. Moreover,” HAML was
reported to have a rich network of capillaries through-
out,? therefore, we considered the possibility that part of
the capillary network was connected to CIVHV through
a sinus in case 5.

These abnormal hemodynamic features of HAML
clearly differ from those of HCC, even though the latter
lesions appear hypervascular in the arterial phase of
dynamic contrast-enhanced CT and also show many
unpaired arteries on histology.”® However, connections
that resemble AVF are not observed in HCC, and drain-

© 2013 The Japan Society of Hepatology

age to the portal vein occurs in the portal phase rather
than the arterial phase of dynamic contrast-enhanced
CT or CTHA, creating a so-called “corona enhancement
of the adjacent liver”.® These differences in vascular
structures between HAML and HCC make EVR a very
useful feature for differentiating these two tumors.

The left hepatic lobe with HAML in this case showed
arterial hypoperfusion abnormality on CTHA, whereas
portal flow did not change on CT arterial portography.
We speculate that the change in the hemodynamics of
the left lobar distribution, relative to the decrease in
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Case Age Location
a (v.0.) EVR UAPT SRAVF CTVHV
No. .
Sex Size
40 S2
1 Present case
F 60 mm
31 S3
2 .
: F 75 mm
58 s2
3
M 50 mm |
41 S3
4
F 40 mm
56 S6
5
M 20 mm

Figure 4 Summary of five resected hepatic angiomyolipoma (HAML) cases in our institution since 2001. Contrast-enhanced
computed tomography images during the arterial phase in case 2 (a), 3 (e), 4 (i) and 5 (m) are shown. Early venous return (EVR)
(arrowhead) is observed in cases 2, 3 and 4, but not in case 5. Microsections stained by hematoxylin—eosin are also shown. All cases
exhibit unpaired arteries (*) in the peripheral HAML ([b,fj,n] scale bar, 200 um). All cases except case 5 also show intratumoral
connections of thick-walled vessels (*) to thin-walled vessels (black arrow) or dilated sinusoidal vessels resembling arteriovenous
fistulae ([c] scale bar, 50 pm; [gk] scale bar, 100 pm). All four cases exhibit intratumoral vessels connected to the hepatic vein
(white arrow) ([d/h,1,0] scale bar, 500 pm). (b,d,fh,j,l,n,0) The dotted line represents the boundary between the tumor (T) and
surrounding normal tissue (N). CTVHV, connection of the tumor vessel and hepatic vein; F, female; M, male; SRAVF, structure
resembling arteriovenous fistula; UAPT, unpaired artery in the peripheral tumor.

arterial flow, is associated with the hemodynamics of
HAML. This finding was apparent because. the tumor
was originally markedly hypervascular and sufficiently
large to demonstrate the lobar attenuation difference
by the steal phenomenon (the siphoning effect). The
phenomenon of “hypoattenuated areas adjacent to the

hypervascular tumor” is also known as findings of a
transient hepatic attenuation difference of lobar or seg-
mental distribution in the arterial phase of intravenous
dynamic contrast-enhanced CT in some cases with
hypervascular hepatic tumors (large cavernous heman-
giomas, FNH, hepatic adenomas).’”®

© 2013 The Japan Society of Hepatology
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We also found multiple, mainly solitary, FNH in the
left hepatic lobe bearing the HAML in case 1. Some
reports have described a relationship between hyper-
plastic lesions, such as FNH or ENH-like lesions, and
abnormal hepatic hemodynamics.**® Thus, these mul-
tiple FNH might have resulted from aberrant vascular
remodeling. We speculate that the abnormal hemody-
namics of HAML, revealed by both radiology and
histopathology, caused EVR, the hepatic attenuation dif-
ference in the left hepatic lobe and ‘multiple ENH.

In summary we report the first case of EVR in HAML
for which the histopathological mechanisms were clari-
fied by in vive imaging and histopathological analysis of
the resected tumor. We demonstrate that arteriovenous
shunting within the HAML can account for EVR, an
important clinical feature that allows differentiation of
HAML from HCC.
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SUPPORTING INFORMATION

DDITIONAL SUPPORTING INFORMATION may
be found in the online version of this article at the
publisher’s web-site:

Supporting Information. Video 1 demonstrates single-
level dynamic computed tomography during hepatic
arteriography and successive microsections showing the
three vascular features of hepatic angiomyolipoma with
early venous return.

Supporting Information. Video 2 shows contrast-
enhanced computed tomography during the arterial
phase of cases 2, 3, 4 and 5.

Supporting Information. Digital subtractlon angiogra-
phy (DSA) from proper hepatic artery (PHA).



Right portal vein embolization wnth absolute ethanol in major
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Background: This study aimed to evaluate the safety and efficacy of preoperative right portal vein
embolization (PVE) with absolute ethanol in patients with hepatobiliary malignancies.

Methods: PVE was performed via a percutaneous transhepatic ipsilateral approach, and the right portal
branch was embolized with absolute ethanol. Technical success and complications following PVE, and
changes in liver enzyme levels were evaluated. Changes in future liver remnant (FLR) and FLR/total
functional liver volume ratio were calculated. Complications following hepatic resection were assessed.
Resuits: A total of 83 patients with hepatobiliary malignancies (53 men, 30 women; mean age
68years) underwent right PVE. Tumour types were hilar cholangiocarcinoma (37), liver metastases
(14), gallbladder cancer (13), intrahepatic cholangiocellular carcinoma (10) and hepatocellular carcinoma
(HCC) (9). PVE was performed successfully in all patients. Four patients (5 per cent) developed compli-
cations following PVE (liver abscess 2, left portal vein thrombosis 1, pséudoaneurysm 1), but this did not
preclude hepatic resection. Liver enzyme levels rose transiently after PVE, The mean FLR and FLR/total
functional liver volume increased after PVE (from 366 to 513 cm® and from 31 to 43 per cent respec-
tively; both P < 0-001). Changes in the FLR and FLR/total functional liver volume ratio were comparable
between patients with HCC and those with other malignancies (42 and 44 per cent, and 12 and 12 per
cent, respectively). Sixty-nine of 83 patients underwent hepatic resection at a median of 25 days after .
PVE, with no postoperative mortality.

Conclusion: Preoperative right PVE with absolute ethanol is safe and effective for induction of selective
hepatic hypertrophy in patients with hepatobiliary malignancy. ‘
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Published online 11 June 2014 in Wiley Online Library (www.bjs.co.uk). DOI: 10.1002/bjs.9541

Introduction

Percutaneous transhepatic portal vein embolization (PVE)
has gained acceptance in the preoperative treatment
of selected patients who are potential candidates for
major hepatic resection!™3. PVE leads to atrophy of
the embolized lobe and compensatory hypertrophy of
the future liver remnant (FLR). This reduces the risk of
postoperative hepatic failure in patients undergoing major
hepatic resection* 7.

The degree and rate of hypertrophy of the non-
embolized liver segments depend on many factors, such
as underlying liver disease, presence of diabetes mellitus,
initial FLR volume and embolic materials used. Vari-
ous commercially available embolic materials, including
gelatin sponge, fibrin glue, cyanoacrylate and ethiodized

© 2014 BJS Society Ltd
Published by John Wiley & Sons Ltd

oil, polyvinyl alcohol particles and absolute ethanol, have
been used for PVEL268-10 Tdeally, embolic materials for
PVE should cause complete and permanent occlusion of
the portal vein with minimal risk of recanalization, and
should be readily available and easily administered.
Absolute ethanol is a reliable embolic material owing to
its strong coagulative effect and the low risk of recanal-
ization following its use. Its embolic mechanism and
histopathological changes in the embolized liver have been
addressed in experimental studies!! ~13. Absolute ethanol
has the advantages of being readily available, cheap and
easily administered owing to its low viscosity. Although the
hypertrophy rate has been shown to be greater with ethanol
than with other embolic materials, and absolute ethanol
may be particularly useful in patients with hepatocellular
carcinoma (HCC)!%14~16, few studies have reported on the

B752014; 101: 1122-1128



Right portal vein embolization with absolute ethanol

value of absolute ethanol for preoperative PVE!. Equally,
the safety and efficacy of absolute ethanol for right PVE in
patients with hepatobiliary malignancy undergoing major
hepatic resection have not been elucidated fully.

"The purpose of this study was to evaluate the safety and
efficacy of right portal vein embolization with absolute
ethanol before major hepatic resection for hepatobiliary
malignancy.

Methods

All patients with advanced hepatobiliary malignancy, who
underwent preoperative right PVE between April 2007 and
December 2011 at the authors’ institution to increase the
volume of an insufficiently small left FLR before surgery,
were enrolled. Written informed consent was obtained
from all patients. In principle, PVE was indicated when the
FLR was estimated to be less than 40 per cent in patients
whose indocyanine green retention rate at 15 min was less
than 15 per cent!’. When patients were jaundiced owing
to biliary obstruction, percutaneous or endoscopic biliary
drainage of the left FLR was carried out.

Procedures

All PVEs were done as an inpatient procedure under
local anaesthesia with 1 per cent lidocaine, and conscious
sedation with an intramuscular injection of 15 mg penta-
zocine and 50 mg hydroxyzine hydrochloride. Intravenous

broad-spectrum antibiotics were administered prophylacti-

cally 6 h before the procedure in all patients and continued
for up to 3 days afterwards.

A peripheral portal venous branch was accessed percuta-
neously and transhepatically through the side to be resected
(ipsilateral approach) with a 21-G needle (Top, Tokyo,
Japan) under ultrasonographic guidance. A 5-Fr sheath
(introducer set; Medikit, Tokyo, Japan) was then intro-
duced into the portal vein using the Seldinger technique
under fluoroscopic ‘guidance. Digital subtraction porto-
graphy was used to identify the portal venous anatomy
through a 5-Fr angiographic pigtail catheter in the main
portal tunk (Fig. 12).

After selective right anterior and posterior portography
with balloon occlusion using a reverse-curved 5-Fr balloon
catheter with a tip hole (Selecon balloon catheter; Terumo
Clinical Supply, Gifu, Japan) (Fig. 1hc), absolute ethanol
was bolus-injected into the right anterior and right poste-
rior branch. The amount injected (99-5 per cent ethanol;
Fuso Pharmaceutical Industries, Osaka, Japan) was equiv-
alent to the amount of contrast material injected on porto-
graphy. The balloon was kept inflated for 10 min to block
the embolized branches and prevent reflux of ethanol.

© 2014 BJS Society Ltd
Published by John Wiley & Sons Ltd

1123

Some 15 mg pentazocine was administered intravenously
if the patient complained of severe pain. With the balloon
deflated slightly, a small amount of contrast material was
administered to confirm complete embolization of portal
venous branches, after which the balloon was deflated
completely. If active flow was stll observed, additional
absolute ethanol was injected.

After embolization, the balloon catheter was ﬂushed
carefullyin the right portal venous branch and portography
then carried out via the main pbrtal wrunk (Fig. 1d). Subse-
quently, the tract of the liver through which the sheath
was introduced was embaolized with 3—5-mm stainless steel
coils (MReye® embolization coil; William Cook, Bjaev-
erskov, Denmark). Portal venous pressure was not mea-
sured before or after PVE, because no patient had a his-
tory of portal hypertension. Patients were allowed 2h of
bed rest after the procedure. Patients underwent Doppler
ultrasonography 1 day later to verify successful emboliza-
tion. They were discharged when clinically stable and had
no complaints (3~5 days after the procedure).

Follow-up examination

In all patients, serum levels of aspartate aminotransferase,
alanine aminotransferase, lactate dehydrogenase, alkaline
phosphatase and total bilirubin were assessed before PVE, -
on the first 1 or 2 days after PVE and just before hepatic
resection. ‘

Contrast-enhanced computed tomography (CT) was
performed before PVE and shortly before hepatic
resection. Transverse CT images were obtained with a
multidetector row helical CT unit (Aquilion™; Toshiba
Medical Systems, Tokyo, Japan) that had 16 detector
rows. After intravenous contrast injection, portal phase
images were acquired from the dome to' the inferior part
of the liver with a section thickness of S mm. Images were
reviewed on a 1536 x 2048 picture archiving and commu-
nication systems (PACS) monitor (Radi CS; Nihon IBM,
Tokyo, Japan), and operator-defined handheld regions
of the total liver volume, liver tumour volume and FLR
volume (segments II-IV) were measured at a workstation
by an interventional radiologist and the referring surgeon.
Volumes were calculated automatically by multiplying the
area in each image by interval thickness and by adding all
interval volumes of each part. Total functional liver volume
was defined as total liver volume minus tumour volume,
and FLR/total functional liver volume ratio was calculated
before and after PVE.

Surgical resection was carried out after review of
the patient’s clinical status and CT findings, by one of

_ four surgeons®'. If disease progression was documented

at CT after PVE, or distant metastasis or peritoneal
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d After portal vein embolization

-C Balloon occlusion before ethanol injection, right posterior view
Fig. 1 Images from a 60-year-old man with gallbladder cancer: a anteroposterior portogram obtained before embolization of the right
portal venous branches through a 5-Fr angiographic pigtail catheter in the main portal trunk; b selective right anterior portogram with
balloon occlusion before injection of absolute ethanol; ¢ selective right posterior portogram with balloon occlusion before injection of

absolute ethanol; and d anteroposterior portogram obtained after embolization of the right portal venous branches
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dissemination was evident at surgery, surgical resec-
tion was not undertaken. Postoperative monitoring was
performed daily by the surgeons.

Study endpoints and definitions

The endpoints of this study were: technical success and
complications following PVE; changes in serum levels of
liver enzymes; changes in FLR and FLR/total functional
liver volume ratio; and complications following hepatic
resection. Results were also compared with data pub-
lished in literature on FLR after PVE using other embolic
materials.

Statistical analysis

Changes in serum levels of liver enzymes, FLR and
FLR/total functional liver volume ratio before and after
PVE were compared by means of the Wilcoxon signed
rank test. For all tests, P<0-050 was considered statisti-
cally significant. Statistical analyses were done using the
software package SPSS® for Windows® version 12.0
(IBM, Armonk, New York, USA).

Results

A total of 83 patients (53 men and 30 women) with a mean
age of 68 (range 45-82) years were included in this study.
The primary cancers were: hilar cholangiocarcinoma in
37 patients, colorectal liver metastases in 14, gallbladder

cancer in 13, intrahepatic cholangiocellular carcinoma -

in ten and HCC in nine. Thirteen patients had under-
lying chronic liver disease (hepatitis B-induced in 7 and
hepatitis C-induced in 6). Of these 13 patients, eight had
chronic hepatitis and five had liver cirrhosis. Nine patients
had diabetes mellitus. Forty-three patients had biliary
obstruction and underwent percutaneous or endoscopic
biliary drainage before PVE; 15 of these patients were
-still jaundiced at the time of PVE. Of the 43 patients
who underwent biliary drainage, 34 had residual seg-
mental biliary obstruction. The remaining nine patients
underwent biliary drainage of the whole liver. None of
the patients had undergone chemotherapy or transarterial
chemoembolization previously.

In six of the 83 patients, the FLR was larger than 40 per
cent, but the surgeon requested PVE to increase the FLR
because of older age (3), underlying liver disease (2) or dia-
betes (1). The planned hepatic resection procedures were
right hepatectomy extended to segment IV in 56 patients,
right hepatectomy in 24 and right hepatic trisectionectomy
in three.
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Technical success and complications of the
procedure

PVE was technically successful in all patients. The right
anterior portal vein was usually used as access (69) but, if
necessary, the right posterior portal vein was selected (14).
In two patients, it was necessary to embolize intrahepatic
portovenous shunts connecting segment VIII branches to
a right hepatic venous branch with microcoils, to avoid
oveérflow of absolute ethanol into the systemic circulation.
The median total volume of absolute ethanol used was 14

- (range 9-25) ml.

Abdominal pain immediately after ethanol injection was
common, but disappeared in minutes without treatment
or with intravenous pentazocine. Complications related to
the procedure occurred in four (5 per cent) of 83 patients,
including liver abscess (2), inadvertent thrombosis of the
left main portal vein (1) and pseudoaneurysm of the right
hepatic artery (1). None of the patients died, and no com-
plications precluded hepatic resection.

Two patients developed a liver abscess in the right
lobe and these were treated successfully by peércutaneous
drainage 11 and 17 days after PVE. These patients were
jaundiced at the time of PVE despite' percutaneous trans-
hepatic biliary drainage. Sufficient FLR hypertrophy was
achieved, and extended right hepatectomy was performed
35 and 30 days after the PVE in these patients.

The inadvertent left main portal vein thrombosis was
treated by thrombolysis and angioplasty, but residual
thrombosis persisted. Transient hepatic failure developed
and resolved in 20 days. Sufficient FLR hypertrophy was
achieved, and right hepatectomy was undertaken 27 days
after PVE.

Pseudoaneurysm of the right hepatic artery was found in
one patient on Doppler ultrasonography 1 day after PVE
and was treated successfully by percutaneous thrombin
injection.

Changes in serum liver enzyme levels

Serum levels of liver enzymes increased dramatically on the
first day after PVE, and then decreased gradually towards
the time of hepatic resecton (7#bleI). A median of 20
(range 14-30) days after PVE, levels were no different from
those before embolization.

Changes in liver volumes

CT volumetric data showed that mean(s.d.) total func-
tional liver volume before embolization and a median of
17 (range 12-37) days after PVE were 1163(195) and
1159(165) cm? respectively (Zzble 2). Mean FLR and mean
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Table 1 Serum liver enzyme levels before and after right portal vein embolization

* AST (units/l) 46(30) (13-159) 451(413) (105-2198) 43(18) (15~95) 0170
* ALT (units/} 60(59) (8-319) 394(342) (79-1126) 53(28) (12—138) 0-109
LDH (units/l) 236(292) (125-2502) 591(463) (203-3105) 240(234) (121-1900) 0-414
ALP (units/l) 586(465) (175-4092) 715(610) (211-4401) 585(350) (198-4017) 0-623
Total bilirubin (mg/dl) 1.34(1-35) (0-4-7-2) 1-95(1-48) (0-6-8.2) 1.09(0-54) (0-4-4-7) 0-062

Values are mean(s.d.) (range). PVE, portal vein embolization; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate
dehydrogenase; ALP, alkaline phosphatase. *Wilcoxon signed rank test (before PVE versus just before hepatic resection, a median of 20 days after PVE).

Table 2 Changes in liver volume after right portal vein embolization

1163(195) (886-1589)
366(104) (208-561)
31(6) (21-44)

Total functional liver volume {cm?)
FLR (cm?)
FLR/total functional liver volume ratio (%)

1159(165) (969-1562) 0(2) (-2 to 4) 0-261
513(1116) (361-644) 40(15) (21-73) < 0:001
43(7) (34-52) 12(3) (5-18) <0-001

Values are mean(s.d.) (range). PVE, portal vein embolization; FLR, future liver remnant. *Wilcoxon signed rank test (before versus a median of 17 days

after PVE).

Table 3 Comparison of hypertrophic effect of embolic materials used in portal vein embolization

rends
Gelatin sponge de Baere et al.!
{mamura et al.’®
Nagino et al.?
Nagino et al.b
Denys et al.®
de Baere et al.™®
Madoff et al.®
Covey et al.2®
Sakuhara et al.?
Present study

Fibrin glue
Cyanoacrylate + Lipiodol®
Polyviny! alcohol particles + coils

Absolute ethanol

33 ‘ 12

31 . 10
32 10
27 10
41 8
58 13
41 8
24 na.
35 11
40 12

FLR, future liver remnant; n.a., data not available. Lipiodol® (Guerbet, Roissy CdG, France).

FLR/total functional liver volume ratio increased signif-
icantly after PVE. The change in FLR induced by PVE
and the change in FLR/total functional liver volume ratio
were comparable to those obtained using other embolic
materials in previous studies (Zib/e 3). The rate of volume
decrease in the embolized right liver lobe was 18(5) per
cent. The changes in FLR and FLR/total functional liver
volume ratio for patients with HCC were similar to those
for patients with other malignancies (42 and 44 per cent,
and 12 and 12 per cent, respectively).

Complications following liver resection

Sixty-nine patients underwent hepatic resection a median
of 25 (range 14-55) days after PVE. Fourteen patients (17
per cent) did not undergo resection. This was because of
peritoneal dissemination at laparotomy in eight patients,
and disease progression evident at follow-up CT after PVE,
in five. One patient with intrahepatic cholangiocellular

© 2014 BJS Society Ltd
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carcinoma did not undergo hepatic resection because liver

regeneration was insufficient.

Postoperative complications following hepatic resection
occurred in 19 (28 per cent) of 69 patients, including bile
leak (5), wound infection (4), ascites (3), pancreatic leak
(1), ileus (1), subphrenic abscess (1), portal vein thrombosis
(1), cardiac failure (1), anastomotic leak of a jejunojejun-
ostomy (1) and transient hepatic failure (1). There were
no postoperative deaths.

Discussion

In this study, right PVE with absolute ethanol was tech-
nically successful and induced sufficient selective hep-
atic hypertrophy of the FLR in patients with hepato-
biliary malignancy. Complications were rare and liver
enzyme levels were only transiently, although greatly,
increased. Absolute ethanol is a cheap, readily available,
embolic material for PVE, and could be used in the first
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stage of staged hepatectomy in patients with hepatobiliary
malignancy..

The main advantage of absolute ethanol is its strong
embolizing effect. Absolute ethanol causes tissue fixation,
sludging of blood cells, and protein denaturation and coag-
ulation. In the present study, PVE was successful in all
patients, and recanalization of embolized portal branches
was not detected after the procedure. Absolute ethanol can
embolize both distal outflow and proximal inflow of por-
tal branches because it diffuses quickly owing to its low
density and viscosity!9~13. Absolute ethanol was infused
during balloon occlusion via the ipsilateral approach using
reverse-curved catheters in the present study. This pre-
vents reflux of embolic materials into portal branches of the
FLR%131721 and the ipsilateral approach thus helps avoid
injury to the FLR&13:21,

The present results showed a 12 per cent increase in

the FLR/total functional liver volume ratio at a median of ‘

17 days after PVE. This rate of hypertrophy is sufficient
and in keeping with results reported for other embolic
materials!Z3=%14=1621 " A potential explanation is that
peripheral vessel occlusion and the cytotoxicity of absolute
ethanol prévent development of collateral vessels, and
contribute to pronounced FLR hypertrophy'?~14. Besides,
atrophy of the diseased liver segments often occurs in
patients with segmental biliary obstruction, and also
results in compensatory hypertrophy of the non-diseased
liver segments without PVE. In this study, 34 of 83 patients
had residual segmental biliary obstruction and this may
have affected the hypertrophy rate of the non-embolized

liver after PVE?2%3. .

" A potential drawback of PVE with absolute ethanol
is the severity of the injury caused. This is'underlined
by the appreciable increases in liver enzyme levels 1 day
after PVE, although levels had returned to baseline by
just before hepatic resection, in keeping with previous
reports!9~1317, Absolute ethanol causes complete and mas-
sive hepatocyte cell destruction, and extensive peribiliary
inflammation!!~13. This should be taken into consider-
ation when it is used for PVE. Two patients with jaun-
dice developed liver abscesses after PVE, as' reported
by others!*~!6. Thus, absolute ethanol should proba-
bly be used judiciously in patients with biliary obstruc-
tion who have undergone biliary drainage and/or are
still jaundiced.

Another drawback may be the severe abdominal pain fre-
quently observed after administration of absolute ethanol.
Lidocaine injection into the target portal vein or routine
administration of narcotic analgesics before injection of
absolute ethanol may be an appropriate countermeasure!”.
In the present study, hospital stay, and duration of antibiotic

© 2014 BJS Society Ltd
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prophylaxis and analgesic use after PVE were longer than

-in previous reports in which other embolic materials were

used. This may be due to differences in length of hospital
stay between Eastern and Western countries, and the use
of absolute ethanol, which is more aggressive than other
embolic materials.

This study had several limitations. First, this was a
retrospective single-centre non-randomized study. Second,
length of hospital stay after PVE, intensive care stay and
overall duration of hospital stay were not evaluated. Third,

. the indication for PVE and the mean FLR/total func- _

tional liver volume before PVE (31 per cent) in the present
study were different from those in previous reports!+—16,
The initial FLR volume and liver cirrhosis have been
shown particularly to influence hypertrophy of the FLR
after PVE!®?*, These may have had an adverse efféct on
changes in the FLR and the FLR/total functional liver
volume ratio. Finally, the higher regeneration rate and
potentially increased production of hepatotrophic factors
by absolute ethanol may accelerate tumour growth in the
non-embolized. liver. Significant acceleration of tumour
growth has been observed after PVE for HCC and liver
metastases in the regenerating liver®1%25~27, Neverthe-
less, 69 (83 per cent) of 83 patients were able to undergo
hepatic resection in the present study, although not all
tumour-bearing liver was embolized. This is similar to pre-
vious reports®*14~1626 The present authors believe that -
absolute ethanol does not accelerate tumour growth in
the non-embolized liver in the interval to liver resection.
However, it is uncertain whether absolute ethanol affects
long-term survival owing to tumour growth in the remain-
ing liver, including potential risks of subsequent biliary
cancer in embolized but unresected liver segments!®15:21,
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ABSTRACT

Background. Surgical resection is advocated for all stages-

of pancreatic neuroendocrine tumors (PNETs); whether
small PNETs can be managed by observation alone is
controversial.

Methods. The prognoses of patients with non-functional
PNET managed by surgical resection or observation alone
were retrospectively analyzed. In patients who had under-

gone resection, correlation of pathologically assessed -

tumor extension and grade with tumor size were evaluated.
Results. Nineteen patients with PNET of median tumor
diameters of 12 mm (range 6-38 mm) were followed up by
observation for 19-162 months. Increase of tumor size

>20 % occurred in three patients, resulting in 5-year pro-
gression-free survival of 83 %, but no distant metastases
occurred. Surgical resection was performed in 71 patients.
Tumor size correlated with the incidence of lymph node or
hepatic metastases, portal vein invasion, and Ki-67 index.
‘None of the 18 patients with a tumor size <15 mm developed
lymph node or distant metastases, and all these patients
survived without recurrence for 5283 months. The smallest
tumor size with Iymph node metastases was 19 mm. The
5-year recurrence-free survivals of patients with a tumor size
<15 mm (100 %) was significantly better than patients with
tumor sizes 16-20mm (86 %), 21-30 mm (71 %),
31-50 mm (83 %), and >50 mm (48 %).

Conclusion. Because PNETs <15 mm in size have little
risk of metastases or recurrence, careful observation with
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serial image studies is acceptable. Once the tumor size
exceeds 15 mm, the risk of metastases and recurrence
increases significantly.

With ongoing developments in imaging modalities over
the last few decades, pancreatic neuroendocrine tumors
(PNETs), particularly non-functional ones, have been
increasingly recognized. One population-based study
showed that the incidence has increased more than twofold
in the last 16 years' and another showed that the incidence
of small non-functional PNETs (<2 cm) has increased
more than sevenfold.?

Provided the tumor is considered resectable, the current
consensus on optimal treatment for PNETs at any stage is
surgical resection, because lymph node metastases can
occur even in patients with PNETs of <10-20 mm.>™
Several studies have validated aggressive resection of
advanced disease with portal vein tumor thrombosis or
hepatic metastases.'®"® For non-functional PNETS, irre-
spective of tumor size, the National Comprehensive Cancer
Network guidelines recommend surgical resection,
including regional lymph nodes. They state that enucle-
ation or observation are options for small tumors
(<10 mmy); however, their criteria are unclear.'* Of note,
few studies have reported long-term outComes of patients
with small PNETs managed by careful observation, pro-
vided serial imaging shows no or minimal growth.'>'®
Thus, the optimal strategy for small PNETs is
confroversial.

~ In our institution, the management policy for patients
with PNETs radiologically assessed as <10 mm is close
observation at 6-monthly intervals.

This study aimed to evaluate whether tumor size reliably
predicts the degree of malignancy and can determine
treatment strategy for PNETs.
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PATIENTS AND METHODS
Patients

A prospectively collected institutional database of
patients with pancreatic tumors was reviewed to identify

those treated for non-functional PNET by either surgical

resection or observation in our institution from October
1981 to September 2013. The diagnosis of PNET was
confirmed pathologically in all patients who had undergone
surgical resection, whereas in patients whose tumors had
not been resected, the diagnosis of PNET was made by
Doppler or contrast enhanced ultrasonography (US) and
computed tomography (CT). Fine-needle aspiration (FNA)
biopsy was not routinely performed.

Treatment Strategies

Our indication for surgical resection for non-functional
PNETs is tumor size >10 mm. Small tumors of up to
10 mm are managed by close observation. Because a few
patients with PNET >10 mm refused surgical resection,
several patients with larger tumors were treated by
observation.

The standard surgical procedure was either pancreati-
coduodenectomy or distal pancreatectomy with regional
lymph node dissection. For small tumors, parenchyma-
preserving procedures were considered. For extensive
tumors, portal vein resection or total pancreatectomy was
considered. For synchronous liver metastases, simulta-
neous or secondary hepatic resection was performed
provided the tumor was considered resectable.

No patient received preoperative or adjuvant chemo-
therapy. Every patient was followed-up at 6-monthly
intervals by US or CT to evaluate recurrence or tumor
progression.

Analyses

In patients undergoing observation, initial tumor size
and progression-free survival were evaluated. According to
response evaluation criteria in solid tumors,'” tumor pro-
gression was defined as an increase of more than 20 % in
diameter. In patients who had undergone surgical resection,
first, correlations between tumor size and World Health
Organization (WHO) grade based on the Ki-67 index,'®
portal vein invasion, lymph node metastases, and hepatic
metastases were analyzed. Distribution by stage based on
the Buropean Neuroendocrine Tumor Society (ENETS)
TNM classification system'® was also evaluated. Incidence
of postoperative morbidity and subsequent complications
were assessed. The severity of pancreatic fistula was clas-
sified according to the International Study Group of

TABLE 1 Profiles and tumor characteristics of patients in the
resection and observation groups

Resection
(n="171)

Observation p-
(n=19) Value

Group

Age [years; median
(range)]
Gender (male/female)

56 (17-89) 62 (27-79)  0.04

32/39 8/11 0.77

VHL [n (%)] S 105 038

Tumor size [mm; median (range)] 28 (0-140) 12 (6-33) <0.01

Arterial enhancement by 64 (90) 19 (100) 0.34
CT [n (%)]

All the above data were obtained at the time of initial diagnosis.
Tumor size was based on radiological imaging

VHL Von Hippel-Lindau disease, CT-computed tomography

Pancreatic Fistula criteria.’® In addition, postoperative
recurrence~free survival (RES) according to tumor size and
lymph node status was evaluated.

Statistical Analysis

Continuous data are expressed as the median and range
and were assessed by the Mann—Whitney U test or Krus-
kal-Wallis test. Categorical data were compared by
Pearson’s x> test or Fisher’s exact test as appropriate.
Survival curves were constructed by the Kaplan—Meier
method and compared by the log-rank test. A p-value less
than 0.05 was considered to be statistically significant in all
analyses.

RESULTS
Patient Profiles
During the study period, 81 patients underwent surgical

resection of PNETs in our institution. Six patients with
functional PNET (gastrinoma, 3; insulinoma, 3), three with

 mixed acinar-endocrine carcinoma, and one with coexis-

ting invasive ductal carcinoma were excluded. The
remaining 71 patients were evaluated as the resection
group. Their median age at the time of surgery was
56 years (range 17-81); 39 of these patients (55 %) were
female. The observation group consisted of 19 patients,
whose median age at the time of referral was 62 years
(range 32-79); 11 of these (58 %) were female. The
resection and observation groups were completely separate.
One patient in the resection group had undergone surgery
following S-year observation at another hospital for a
PNET that was initially 10 mm in size and had increased to
21 mm. In the remaining 70 patients, the median interval
between the date of diagnosis and surgery was 77 days.
Profiles of the patients in each group are summarized in
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FIG. 1 Incidence according to tumor size of a portal vein invasion;
b lymph node metastases; ¢ hepatic metastases. d Ki-67 index versus
tumor size. The digits above each bar show the positive rates for PV

Table 1. There were two patients with Von Hippel-Lindau
disease. All patients had solitary tumors. Tumor size based
on CT was significantly larger in the resection group. All
tumors in the observation group showed arterial enhance-
ment on CT, but did not in seven patients (10 %) in the
fesection group. In fact, a definite preoperative diagnosis of
PNET was not made in 16 patients in the resection group.
The tumors were-difficult to differentiate from invasive
ductal cancer in, eight cases, solid and pseudopapillary
neoplasms in four cases, and other tumors (mucinous cystic
neoplasm, intraductal papillary mucinous neoplasm, retro-
peritoneal tumor, metastasis of hepatocellular carcinoma)
in four cases.

Prognosis of Patients in the Observation Group

The main reason for observation in patients with tumors
of >10 mm was the patients’ request. During the median
observation period of 45 months (range 19-163), no distant
metastases appeared. In any serial image, enlarged lymph
node indicating metastasis was not recognized. However,
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(+), N (4), or H (+). PV portal vein-invasion, N lymph node
metastases, H hepatic metastases

the tumors of three patients increased in size: from 9 to
12 mm in 32 months in one patient, from 10 to 16 mm in
88 months in the second patient, and from 19 to 28 mm in
106 months in the third. Because all three patients refused
to undergo surgery, observation was continued. Five-year
progression-free survival was 83 %.

Pathologic Findings in the Resection Group

Types of surgical resection were pancreaticoduodenec-
tomy in 31 patients (44 %), distal pancreatectomy in 24
patients (34 %), middle pancreatectomy in 8 patients
(11 %), partial resection or enucleation in 5 patients (7 %),
and total pancreatectomy in 3 patients (4 %). The total
pancreatectomy was performed due to extensive tumor
spread along the main pancreatic duct. Seven patients
(10 %) had synchronous hepatic metastases, which were
resected simultaneously in six patients. In the remaining
patient, secondary hepatic resection was planned, but bone
metastases were found, prompting abandonment of cura-
tive resection.



Treatment of PNETs Based on Tumor Size

2885

TABLE 2 Distribution of patients in each ENETS stage according to
tumor size

Tumor ENETS stage (%) Total
size (mm) -

A 1B mA 1B IV
<15 18 (100) . 0 0 0 0 0 18
16-20 3(33) 4@4 0 0 2(22) 0 9
21-30 0 6 (50) 0 0 3(25) 325 12
31-50 0 1(8) 4@33) 18 4@3) 207 12
>50 0 0 735 200 525 6@30) 20
Total 21 11 11 3 14 11 71

ENETS European Neuroendocrine Tumor Society

Figure | shows the incidence of portal vein invasion,
lymph node metastases, hepatic metastases, and Ki-67
index according to tumor size. There was a tendency for
these to be correlated with tumor size. None of the patients
with tumors <15, <20, and <30 mm had lymph node
metastases, hepatic metastases, and portal vein invasion,
respectively. The smallest tumor with lymph node metas-
tasis was 19 mm. All tumors that were WHO grade 3
(corresponding to Ki-67 index >20 %) were larger than
20 mm and the Ki-67 index of all patients with tumors
<15 mm was less than 10 %.

The numbers of dissected lymph nodes in patients withi a
tumor size <15, 16-20, 21-30, 31-50, and >50 mm were
23 (0-51), 15 (1-37), 17 (1-56), 25 (6-63), and 26 (4-78),
respectively, and were comparable among the five groups
(p =.0.37). No lymph node sampling was performed in
four patients, two of whom underwent middle pancrea-
tectomy, one partial resection, and one enucleation for
815 mm tumors. The numbers of metastatic lymph nodes
in the five groups listed above were 0, 0 (0-2), 0 (0-10), 1
(0-6), and 1 (0-34), respectively. There was a significant
difference in the number of metastatic lymph nodes
between patients with a tumor size <15 and >15 mm
(p < 0.01), whereas there was no significant difference
among the four groups of patients with a tumor size
>15mm (p=0.33). In 64 patients without hepatic
metastases, the incidence of lymph node metastases in the
five groups was 0/18 (0 %), 2/9 (2 %), 4/10 (40 %), 5/11
(46 %), 7/16 (44 %), respectively. Table 2 shows the dis-
tribution of patients of each ENETS stage according. to
tumor size. All patients with tumors <15 mm were clas-
sified as stage I, whereas two-thirds of those with PNETs of
16-20 mm were classified as stage II or III.

Postoperative Outcomes and Long-Term Prognosis
Postoperative morbidity occurred in 56 patients (80 %),

which was mostly pancreatic fistula in 46 patients (Grade A,
13; Grade B, 32; Grade C, 1*°) followed by delayed gastric
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FIG. 2 Postoperative RFS curves according to tumor size. The RFS
of patients with tumors <15 mum was significantly better than that of
any of the other four groups of patients. Differences in RFS among
the four groups with tumors >15 mm were not significant (p = 0.19).
RFS recurrence-free survival

emptying in ten patients. Most of these patients improved -
conservatively, but arterial bleeding treated by transarterial
embolization occurred in one patient. There was no mor-
tality. The median length of stay after surgery was 24 days
(12-71). Subsequent complications occurred in 12 patients
(17 %) as follows: development of diabetes mellitus, 7
(excluding patients with total pancreatectomy); gastroin-
testinal bleeding from the anastomotic ulcer, 2; stricture of
hepaticojejunostomy required re-anastomosis, 1; stricture of
pancreaticojejunostomy, I ileus, 1; dian'hea,' 1.

During the median postoperative follow-up of 69 months,
tumor recurrence was recognized in 19 patients. The site of
initial tumor recurrence was most frequently the liver in 14
patients, followed by lymph nodes in two patients, remnant
pancreas in one, and bone in one. One had simultaneous liver
and Iymph node recurrences.

Cumulative 1-, 3-, 5-, and 10-year RFS rates of all 71
patients were 88, 82, 76, and 62 %, respectively. Figure 2
shows the postoperative RFS curves according to tumor size.
No patient with tumors <15 mm developed recurrence and
the RFS for this group was significantly better than for any of
the other four groups. The RFS of the four groups of patients
with tumors >15 mm did not differ significantly (p = 0.19).

DISCUSSION

The present study suggested that small PNETs of up to
10 mm in diameter can be safely observed by serial
imaging studies, although the proper size threshold
allowing observation could not be determined. It also
suggested that the risk of recurrence after surgical resection
was significantly lower for PNETs of <15 mm than for
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TABLE 3 Previous studies concerning lymph node metastases and/or postoperative long-term prognosis of small non-functional PNETs

Authors Year N Turor size vs. lymph node Prognosis
metastases rate (%)
Outcome Results
Nomura et al.* 2009 17 7-15 mm, 0/5 (0) Postoperative recurrence 740 mm (N = 9), 0 for 8-120 months
16-20 ram, 172 (50) >40 mm (N = 7), 4 (57 %)
>20 mm, 5/10 (50)
Tsutsurni et al.” 2012 59* <10 mm, 0/4 (0) NA
10-14 mm, 0/18 (0)
15-19 mm, 2/13 (15)
20-29 mm, 1/11 (9)
>30 mm, 6/13 (46)
Kim et al.’ 2012 125 <10 mm, 0/14 (0) Postoperative recurrence <10 mm (N = 14), 0
<20 mm, 1/51 (2) ) <20 mm (N = 51), 3 (6 %)
Kuo et al.? 2013 1371° 1-5 mm, 3/12 (25) 10-year DSS 1-5 mm (N = 16), 100 %
6-10 mm, 5/30 (17) 6-10 mm (N = 51),95 %
1115 mm, 14/65 (22) 11-15 mm (N = 94), 76 %
16-20 mm, 29/80 (36) 16-20 mm (N = 99), 76 %
>20 mm, 494/913 (54) >20 mm (N = 1108), 59 %
Our study 2014 71 <15 mm, 0/18 (0) 5-year RES <15 mm (N = 18), 100 %

1620 mm, 2/9 (22)
21-30 mm, 5/12 (42)
31-50, 6/12 (50)
>50 mm, 10/20 (50)

16-20 mm (N = 9), 86 %
21-30 mm (N = 12), 71 %
31-50 mm (N = 12), 83 %
>50 mm (N = 20), 48 %

PNET pancreatic neuroendocrine tumor, DSS disease-specific survival, RFS recurrence-free survival, NA not available
2 The data excluded patients with gastrinoma but included patients with insulinoma, glucagonoma, and somatostatinoma

" population-level study. Others were all single institutional studies

those >15 mm, for whom the tumor was frequently staged
as II or more and the risk of metastases was higher. Not
only tumor size, but also tumor differentiation grade, Ki-67
index, and lymph node metastases determine the degree of
malignancy and long-term prognosis.*®**~* These stud-
ies found that differentiation grade and metastatic status,
rather than tumor size, were predictors of prognosis.
However, tumor size is usually the only one of these factors
that can be assessed by preoperative imaging studies.
Although several histopathological studies suggested that
intratumoral low microvascular density was associated
with poor prognosis,*?® arterial tumor enhancement by
CT did not discriminate RFS in our series (data were not
shown in the results).

So far, no standard strategy for small, non-functional
PNETs in particular has been established. Most studies
advocate surgical resection for PNETs of any size because
- even small tumors can be malignant or metastasize to Iymph

nodes.**" Previous studies showing the incidence of lymph
node metastases and/or prognosis according to tumor size
were summarized in Table 3. Lymph node metastases were
recognized even with PNETs of <10 mm. There is a

po_ssibilit,y, however, that the incidence of lymph node
metastases in patients with small PNETs were overestimated
due to the following reasons. First, several studies included

“functional PNETs such as gastrinoma that frequently involve

lymph nodes even with image-negative tiny tumors.”® In the
study by Tsutumi et al., the two patients with node-positive
PNET of <10 mm were both gastrinomas.” Second, lymph

‘node sampling was not performed in all of the patients. Parekh

et al.?’ examined the lymph node status of 149 patients who

underwent surgical resection and showed that no lymph nodes
were identified in the resected surgical specimens in 43 % of
the patients. In our series, the number of lymph nodes sampled
did not differ according to the tumor size.

To the best of our knowledge, this is the third reported study
(the other two being those of Lee et al.'® and Ganjoux etal.'®.)
that has reported long-term outcomes of patients managed
without resection. Although there is a possibility that the
diagnosis of PNET in the observation group was inaccurate
because no histological confirmation was obtained, not all
patients underwent biopsy either in the series by Lee et al. or

" Gaujoux et al. Our study was similar to theirs in that median

tumor size with observation was around 10 mm and tumor
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size did not change in most patients throughout the follow-up
period. Although the risk of metastases was small, there were
some malignant PNETS, especially WHO grade 2 tumors,
among tumors <15 mm in our resection group; this is in
accord with the findings of several previous studies.>>>*!?
Furthermore, the tumors of several patients in the observation
group slowly enlarged; however, no patients in this group
underwent resection, even when their tumors had increased in
size, because they elected to continue observation. Because
none of the 19 patients in the observation group underwent
biopsy, the Ki-67 indexes of these patients could not be
determined. However, the Ki-67 indexes of the tumors
<15 mm in the resection group were all less than 10 %.
Additionally, the tumor of the one patient who underwent
resection because follow-up serial imaging studies showed
gradual increase in tumor size had a Ki67-index aslow as 3_%.
Kimetal.’ reported that 14 PNETs of <10 mm were all WHO
grade 1. Lee et al.'® reported that the Ki-67 indexes of all
incidentally identified non-functional PNETs were <5 %,
although Ki-67 indexes were available in only 44 % of
patients. These results suggest that small tumors of up to
around 10 mm are generally low grade.

Considering the risks of pancreatectomy is also impor-
tant. Usually the pancreas with PNET is soft, associating
with high risk of pancreatic fistula, as was suggested from
the present results. We further showed the incidence of
late-onset complications as 17 %. Previous studies showed
the incidence of new-onset diabetes after distal pancrea-
tectomy as 9-36 %.°*'® Therefore, ideally, pancreatic
resection should only be performed in patients with
malignant PNETSs. Evaluation by FNA may be useful.
However, insufficient samples, especially with small
tumors,*' or an adverse event such as pancreatitis,* pre-
cluded us from routinely performing FNA in all patients
with pancreatic tumors, and let us advocate the observation
of well-enhanced pancreatic small tumor, although the
radiological diagnosis of PNET may be inaccurate.

Limitations of this study include that it was a retro-
spective study of a small number of patients in both the
resection and observation groups. Although, in our series,
no metastatic disease or postoperative recurrence occurred
in patients with PNETs of <15 mm, this group included
only 18 patients. To review the previous reports, PNETs
less than around 10 mm seem to have a rare risk of
recurrence (Table 3). More studies with larger series are
required to determine a safe cutoff size for non-operative
treatment.

‘CONCLUSION

Small PNETS of up to around 10 mm can be followed
up by careful observation with little risk of tumor

progression, while once the tumor size exceeds 15 mm, the
risk of metastases and recurrence increase.
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