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SUMMARY

A pancreatic adenocarcinoma involving both the celiac artery and the gastroduodenal artery is often con-
sidered to be unresectable because the simultaneous division of both arteries may result in an acute severe
ischemia of the liver and the stomach. We report here a case of total pancreatectomy with en bloc celiac axis
resection for a 61-year-old female with a pancreatic adenocarcinoma involving both the celiac artery and the
gastroduodenal artery. The patient had a replaced right hepatic artery from the superior mesenteric artery and
a replaced left hepatic artery from the left gastric artery, which was directly arising from the aorta. Preserving
these collateral arteries, neither hepatic artery reconstruction nor total gastrectomy was needed after resec-
tion. The reported incidence of similar arterial anatomy was only 0.2% but the precise evaluation of arterial
anatomy is important to offer a chance of curative resection for patients with usually unresectable locally
advanced pancreatic cancer.



CASE REPORT

A 61-year-old woman was referred to our hospital for further evaluation of a pancreatic
tumor which was detected during a follow-up for diabetes méllitus at a different hospital.
The computed tomography (CT) images showed a low-attenuated mass in the pancreas body,
4cm in diameter, abutting both the gastroduodenal artery (GDA) and the bifurcation of the
celiaé artery (CA) (Figure 1A,B). The tumor also adhered to the portal vein but no sign of
distant metastasis was detected.

At the same time, 3-dimentional CT angiography revealed an arterial anomaly in this patient.
The right hepatic artery was replaced from the superior mesenteric artery (re-RHA from the
SMA), the left hepatic artery was replaced from the left gastric artery (re-LHA from the
LGA) and the LGA directly arose from the aorta (Figure 1C,D). The re-RHA, SMA,
re-LHA and LGA were all diagnosed as being free from tumor invasion radiologically.
Under the preoperative diagnosis of a pancreatic adenocarcinoma involving both the GDA
and the CA, we performed a subtotal stomach-preserving total pancreatectomy with
combined resection of the CA and portal vein (Figure 1E,F). The re-RHA, re-LHA and
LGA could all be preserved. After resection, intraoperative Doppler ultrasonography

demonstrated a sustained intrahepatic arterial flow and the color of the stomach was normal.



The patient’s postoperative course was uneventful and she was discharged on postoperative
day 18. Pathologically, the tumor was diagﬁosed as a poorly differentiated invasive ductal
adénocarcinoma of the pancreas, was 9.6x3.5x3.3cm in size and was accompanied by three
local lymph node metastases. Both the arterial and extra-pancreatic nerve plexus invasion
were confirmed histologically but the surgical margins were clear of cancer invasion (RO

resection).

DISCUSSION

The arterial blood to the upper abdominal organs, such as the stomach, liver and pancreas is
mainly supplied by tributaries of either the CA or the SMA. Ischemic complications,
including acute stomach necrosis or liver infarction caused by disruption of these tributaries
are serious concerns after pancreatectomy (1,2). Therefore, it is crucially important to
maintain the arterial supply to these organs. For example, in a pancreaticoduodenectomy or
total pancreatectomy, the arterial flow to the liver and stomach is maintained by the CA
after the division of the GDA. On the other hand, in a distal pancreatectomy with en bloc
celiac axis resection (DP-CAR), the arterial blood supply to the liver, stomach and pancreas

head is dependent on the SMA via the pancreaticoduodenal arcades and the GDA (3). If



both procedures are performed at the same time (i.e. total pancreatectomy with en bloc CA
resection: TP-CAR), the upper abdominal organs are usually almost completely deprived of
arterial supply and the subsequent severe ischemia of the stomach and liver make it
mandatory to perform an additional total gastrectomy and hepatic artery reconstruction.
Such an operation is generally considered to be too extensive and out of surgical indication
for patients with a pancreatic adenocarcinoma. However, our patient had a re-RHA from the
SMA and a re-LHA from the LGA, which directly arose from the aorta and all of them were
free from tumor invasion. As a result of this patient’s specific anatomy, a TP-CAR could be
safely performed with surgical risk comparable to a conventional total pancreatectomy and
neither arterial reconstruction nor total gastrectomy was needed.

The reported incidence of a re-RHA from the SMA and re-LHA from the LGA,
corresponding to Michels’s type 4, ranges from ]-4.2% (4,5). According to Chen’s report,
the arterial variation of Adachi’s Type II, in which the LGA originates directly from the
aorta with a hepatosplenic trunk, was observed in 29 out of 524 cadavers (5.5%) (6). Among
them, 10 cases (1.9%) had a communication between the proper hepatic artery and the LGA

and only 1 case (0.2%) had a re-RHA from the SMA, similar to our case. In this context, the

indications for TP-CAR may be restricted only to a strictly selected small population.



Nevertheless, our case emphasizes the importance of the precise evaluation of the arterial
anatomy to offer a chance of curative resection for patients with usually unresectable locally

advanced pancreatic cancer without increasing their surgical risk.
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FIGURE 1. (A,B) The computed tomography (CT) images show that the tumor (T) in the
pancreas body was adjacent to the gastroduodenal artery (%) and the bifurcation of the
celiac artery (CA,*). The replaced right hepatic artery (re-RHA, arrowhead) was free from
the tumor. (C,D) The 3-dimensional CT angiography showed the re-RHA (arrowhead)
arising from the superior mesenteric artery and the replaced left hepatic artery (#) arising
from the left gastric artery (arrow), which was originating directly from the aorta. (E) The
post-resection photograph of the surgical field shows the preserved re-RHA (arrowhead)
and the stump of the CA (*). (F) A schematic illustration of the arterial anatomy. The

transection lines of the CA and the middle hepatic artery are denoted by solid lines.



Prognostic impact of marginal

resection for patients with solitary
hepatocellular carcinoma: Evidence
from 570 hepatectomies
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Background. During resection of a hepatocellular carcinoma, surgeons encounter occasionally a

situation where marginal resection is inevitable because of a close association between the hepatocellular
carcinoma and major vasculature and/or underlying impaired liver function. We investigaled the
impact of marginal resection on recurrencefree survival afler a resection of a solitary hepatocellular
carcinoma.

Methods. The data of 570 patients who underwent macroscopically curative hepatectomy for a solitary
hepatocellular carcinoma in our institution belween 1990 and 2007 were analyzed. Marginal resection
and nan-—marg’inal resection were defined as a cancernegative surgical margin of <1 mm and a
surgical margin of > 1 mm, respectively. The macroscopic appearance of the hepatocellular carcinoma
was classified as the simple nodular type or non—simple nodular type based on the classification of the
Liver Cancer Study Group of Japan, and patients were categorized into 4 groups: group A, simple
nodular type with cirrhosis; group B, simple nodular type without cirrhosis; group C, non—simple
nodular type with cirrhosis; and group D, non—simple nodular type without cirrhosis.

Results. The surgical margins were diagnosed as cancer-positive in 31 patienis, as marginal resection in
165 patients, and as non-marginal resection in 374 patients. The marginal resection group showed a
better recurrence-free survival than the positive surgical margin group (P = .001), and also a worse
recurrence-free survival than the non—marginal resection group (P = .003). In groups A, B, and C, the
recurrence-free survival rates were similar between marginal resection and non—marginal resection
patients (P = .458), while in group D, marginal resection was a significant poor prognostic factor of
recurrence-free survival in both univariate and multivariate analyses.

Conclusion. Marginal resection is acceplable in group A, B, and C patients, because it did not negatively
affect postoperative recurrence-free survival. (Surgery 2012;151:526-36. ) \
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HepATOCELLULAR cARCINOMA (HCC) is the sixth most
common cancer and the third leading cause of
death from cancer worldwide.! Multidisciplinary
treatments are applied to treat the disease, such
as local ablation, transarterial chemoembolization,
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systemic chemotherapy, and operative resection,
including liver transplantation. Among these treat-
ments, especially for solitary HCC, hepatectomy
plays an important role, because resection confers
a superior outcome for patients with preserved .
liver function.® The postoperative recurrence
rate, however, is high after HCC resection, with re-
ported B-year recurrence rates ranging from 75%
to 100%.” To decrease the postoperative recur-
rence rate, anatomic resection is recommended,
and some investigators advocate major hepatec-
tomy or wide surgical margin (SM) resection to
improve the curability.*®

The prognostic impact of SM during resection
of a solitary HCC is controversial. Wide SM resec-
tion may be preferable to eradicate microvascular
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invasion. or small, even microscopic intrahepatic
metastasis (IM) potentially scattered around the
main tumor, which are often observed in patho-
logic examinations of resected HCCs.® In contrast,
a requisite minimum narrow SM may be beneficial
to maintain the remnant liver volume and to
prevent subsequent liver failure in patients with
an impaired liver function.” Another important
consideration is that HCCs are often associated
with multicentric carcinogenesis in the remnant
liver, which makes it difficult to achieve a long
term recurrence-free survival (RFS), even after
wide SM liver resection.>® These factors all contrib-
ute to the large discrepancy in the reported influ-
ence of the SM on patient prognosis after
resection of HCC. Some authors have reported
no significant differences in the postoperative
RFS between narrow and wide SM,¥'2 and others
have reported that wide SM resection was superior
to narrow SM resection, with better RFS in selected
‘patients.”'*!® This discrepancy may be derived
from the heterogeneity of HCC patients, including
their underlying liver function, hepatitis virus
infection profile, and tumor characteristics.

Because there is no definitive consensus about
the adequate SM for HCC resection, it was our
standard procedure to perform anatomic hepatec-
tomy with a wide SM whenever possible. During
HCC resection, however, it is not rare for a deeply
located tumor to adhere to or compress the major
hilar vasculature, such as the first- or second-order
Glissonian branches or major hepatic veins, and
the poor liver function of patients does not permit
an extended hepatectomy. In such cases, hepatec-
tomy along the tumor capsule (marginal resection
[MR]) is conducted by necessity‘m

The aim of this study is to investigate the impact
of MR on the postoperative RFS, focusing specif-
ically on the prognostic impact of MR according to
the macroscopic type of HCC or the presence of
background liver cirrhosis, and to identify patients
in whom MR may be acceptable without compro-
mising the curability or patients in whom MR is
not preferable because of its adverse prognostic
impact.

METHODS

This study was approved by the ethical commit-
tee of our institution, and each patient provided
written informed consent to participate in the
study. Between January 1990 and December 2007,
662 patients with solitary HCC underwent an initial
hepatectomy at the National Cancer Center Hos-
pital, Tokyo, Japan. In this study, solitary HCC
refers to a HCC that was diagnosed as a single
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tumor in the pathologic examination, except for
tiny intrahepatic metastases of <1 cm in diameter.
After excluding 70 patients with incomplete pre-
operative or pathologic data, 6 patients who died
within 30 days after the operation, 4 patients who
underwent noncurative resection because of dis-
tant metastasis at the time of operation, 5 patients
with ruptured HCC, and 7 patients with early HCC,
there were 570 patients in this study who under
went hepatectomy for solitary HCC. All patients
underwent hepatectomy with the intent of com-
plete resection and achievement of macroscopi-
cally negative SM. The clinical and pathologic data
for each patient were retrieved from the prospec-
tively maintained database of our division and the
medical records at our hospital. Fach of the
patients was followed in an outpatient clinic every
3-4 months during the first 2 years after the operation
and every 4-6 months thereafter, undergoing routine
check-ups including serum alpha-fetoprotein levels,
ultrasonography, and contrast-enhanced computed
tomography (CT). None of the patients received
adjuvant chemotherapy or transarterial chemoembo-
lization (TACE) until recurrence was detected.

The indications for operative resection were
determined according to the Makuuchi criteria
based on a preoperative liver function evalua-
tion.'” Anatomic resection was performed in prin-
ciple, but partial or limited resection was selected
when the poor hepatic functional reserve of the pa-
tient did not permit an anatomic resection. All of
the liver resections were performed under full
guidance of intraoperative' ultrasonography by
the forceps clamp-crash method using an inter-
mittent Pringle maneuver with 15 minutes of hepa-
tic inflow occlusion followed by 5 minutes of
perfusion, as described previously.'® Anatomic re-
section refers to the complete resection of the por-
tal tributaries of the tumor-bearing segment, while
nonanatomic resection refers to incomplete resec-
tion of the portal tributaries of the tumor-bearing
segment, and included partial resection or enucle-
ation of the liver. Extended anatomic resection
(ie, anatomic resection plus partial resection of
adjacent liver for a tumor that extended across
multiple segments) was regarded as nonanatomic
resection.

After the specimen was retrieved from the
surgical field, pathologists cut the specimen
through the axial (occasionally sagittal) plane to
reveal the greatest cross-sectional area of the
tumor, and then parallel cuts at 1- to 2-cm intervals
from the initial cute were added. Based on careful
observation of the macroscopic -appearance, the
tumor was categorized into one of the following
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Table I. Patient demographics and tumor
characteristics (n = 570)

Age, y (mean) 62.5 + 9.5 (63)

Male/female 462/108
HBV Ag (+) 188 (23%)
HCV Ab (+) 278 (49%)

* Child Pugh grade A/B/C 534/36/0
Background liver NM/CH 67/285/218

or LF/LC

ICGR15 (%) 15.1 = 10.7 (12.9)

Tumor size, cm (mean) 4.7 + 3.2 (3.8)
Resection of >2 segments 183 (32%)
Capsule formation (+) 466 (82%)

Macroscopic type
SN type
Non-SN type
SN type with extranodular growth
Confluent multinodular type

216 (38%)
2992 (51%)
184 (32%)
98 (17%)

Infiltrative type 6 (1%)
Eggel massive type 4 (1%)
Unclassified 62 (11%)

CH, Chronic hepatitis; HBs Ag, hepatitis B surface antigen; HCV Ab, hep-
atitis C virus antibody; /CGRI5, indocyanine green retention rate at 15
minutes; LG, liver cirrhosis; LF liver fibrosis; NM, normal liver; SN, simple
nodular.

categories according to the macroscopic classifica-
tion of the Liver Cancer Study Group of Japan
(LCSG))*: simple nodular type (SN), SN with ex-
tranodular growth (SNEG), confluent multinodu-
lar type (CM), infiltrative type (I), or Eggel
massive type (M). The SNEG, CM, I, and M types
were further categorized as the non-SN type in
this study. When the macroscopic type of HCC
was difficult to determine because of the presence
of necrotic changes after preoperative TACL or ab-
lation therapy, the macroscopic type was denoted
as unclassified (Table TI).

Resected specimens were fixed in 10% formalin,
cut into serial 5-10 mm-thick slices horizontally,
and embedded in paraffin. Sections of 3 um in
thickness were cut from the block and stained with
hematoxylin and eosin. The SM was measured in
millimeters on the histologic preparation, which
included the HCC closest to the resected plane.
The SM was defined as the nearest distance be-
tween cancer cells and the resected plane. The SM
was diagnosed as positive when cancer cells were
exposed on the cut surface and/or the circumfer-
ence of the tumor was disrupted or ablated by
electric cautery. When a tumor capsule was ex-
posed on the cut surface but the capsule was
preserved, and when cancer cells were not exposed
on the cut surface, the SM was diagnosed as
negative. In the preliminary analysis of >40 cases
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of patients who underwent hepatectomy along the
tumor capsule, SM of =1 mm were present in all
cases. Therefore, we defined MR as a resection of
negative SM of =1 mm in this study. In contrast,
non-MR was defined as a SM >1 mm. The pres-
ence of cirrhosis was assessed according to the
criteria of LCSGJ, in which nontumorous liver
fibrosis was” graded on a scale of f0 to f4; {3
(bridging fibrosis formation accompanying lobular
distortion) and f4 (cirrhosis) were designated as
cirrhosis in-this study.'” The presence of capsule
formation was also noted during the pathologic
examination.

The following 8 preoperative and 12 operative
or pathologic factors were analyzed to investigate
the prognostic impact on _RFS: age, sex, alpha-
fetoprotein level, hepatitis B surface antigen (HBs
Ag) status, hepatitis C virus antibody (HCV Ab)
status, indocyanine green retention rate at 15
minutes (ICGR15), preoperative TACE, Child
Pugh Gradeyintraoperative blood loss, fresh frozen
plasma (FFP) transfusion, red blood cell (RBC)
transfusion=extent of resection, method of resec-
tion, tumor.size, surgical margin, tumor differen-
tiation, mic scopic portal vein invasion, IM, -
macroscopic type of tumor, and cirrhosis.

To assess:the prognostic value of the MR, we
focused on the macroscopic type and the presence
of cirrhosis. First, patients were divided into those
with SN type-HCC and non-SN type HCC. Second,
patients were divided into those with and without
cirrhosis. Using a combination of these divisions,
patients wé}:e;,categorized into the following 4
groups: group A, SN type with cirrhosis; group B,
SN type without cirrhosis; group C, non-SN type
with cirrhosis; and group D, non-SN type without
cirrhosis (Fig 1), and the prognostic significance of
MR was investigated for each group. Finally, the tu-
mor characteristics and postoperative recurrence
patterns were compared between MR and non-
MR patients.

Statistical analysis. Continuous data were pre-
sented as the means + standard deviation, and the
medians were expressed in parentheses. Differ-
ences between categorical variables were evaluated
using the % or Fisher exact tests. For the compar-
ison of nonparametric variables, the Mann-Whit-
ney U test was used. The postoperative RES rates
were calculated by the Kaplan-Meier method. A
univariate analysis was performed for prognostic
factors using the log-rank test. The factors found
to be predictive by the univariate analysis were sub-
jected to a multivariate analysis using the backward
elimination method of the Cox proportional haz-
ards model. P < .05 was considered statistically
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Fig 1. Representative macroscopic appearance of hepatocellular carcinoma in groups A, B, C, and D. Dotled lines denote
the resection lines. A, B, C-1, C-2, and D-2show the cases of marginal resection (MR). (A) Simple nodular (SN) type with
liver cirrhosis. (B) SN type without cirrhosis. (C-I and C-2) Non-SN type with cirrhosis. (D-I and D-2) Non-SN type with-
out cirrhosis. (C-I) SN type with extranodular growth (SNEG). (C-2) Infiltrative (I) type. (D-I) Confluent multinodular

(CM) type. (D-2) Eggel massive (M) type.

significant. Statistical analyses were performed with
SPSS software (version 19; SPSS, Inc, Chicago, IL).

RESULTS

Patient and tumor characteristics. The demo-
graphics of the patients are shown in Table I. The
population consisted of 462 males and 108 fe-
males, and the median follow-up period was 5.5
years (average, 6.2 years). The age of the patients
was 62.5 £ 9.5 years (median, 63; range, 19-83).
The numbers of patients with and without cirrhosis
were 218 (38%) and 352 (62%), respectively, and
the average ICGR15 were 18.7 + 11.6% (median,
16.4%) in patients with cirrhosis compared with
12.9 £ 9.6% (median, 11.0%) in patients without
cirrhosis (P < .001). The size of the tumor was
4.7 + 3.2 am on average, and 93% of patients had

a tumor <10 cm in diameter. A fibrous capsule
was observed in 466 patients (82%). The macro-
scopic type of HCC was the SN type in 216
(38%), the non-SN type in 292 (51%), and unclas-
sified in 62 (11%) patients. Non-SN type HCC
showed more frequent microscopic portal vein in-
vasion (54% vs 29%) and intrahepatic metastasis
(20% vs 8%) compared with SN type HCC (P <
.001), although the tumor sizes were similar be-
tween the patients with different types of HCC
(5.0 £ 3.3 cm vs 4.4 = 3.0 cm; P = .085). Preopera-
tively, 176 patients (31%) underwent TACE and 5
patients (1%) underwent ablation therapy (percu-
taneous ethanol injection or radiofrequency abla-
tion). Among them, 48 patients (43 TACEs and 5
ablations) were categorized as unclassified macro-
scopic type because of severe necrotic change
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Fig 2. (A) Cumulative recurrence-free survival curves after non-marginal resection (MR), MR, and resection with pos-
itive surgical margins (SM-positive) in patients who underwent hepatectomy for a solitary hepatocellular carcinoma
(n = 570). (B) The cumulative recurrence-free survival curves after non-MR and MR in group A, B, and C patients
(SN type or with cirrhosis). (€) Cumulative recurrence-free survival curves after non-MR and MR in group D patients.
The recurrence-free survival curves of SM-positive patients are also shown for reference in (8) and (C).

(Table T). In the remaining 133 patients, HCCs
were categorized as either SN type (n = 60) or
non-SN type (n = 73).

The average SM was 6.9 £ 9.4 mm (median, 3
mm). In 31 patients (5%), the SM was diagnosed
as positive for cancer cells. In 165 patients (29%),
SM corresponded to MR, and in 374 patients
(66%) SM corresponded to non-MR. Among the
patients with non-MR, 149 patients (26%) had
1 mm < SM = 5 mm, 102 patients (18%) had 5
mm < SM = 10 mm, and 123 patients (22%) had
SM > 10 mm. Fig 2, A illustrates postoperative RFS
curves according to SM status. The 5-year RFS rates
of positive SM, MR, and non-MR patients were
7.4%, 28.1%, and 40.0%, respectively, and the
S-year overall survival rates of positive SM, MR,
and non-MR patients were 36.0%, 63.5%, and
72.2%, respectively. The patients with positive SM
had a poorer RFS compared with the MR group
(P =.001), while the MR group had a poorer RFS

than the non-MR group (P = .003). There were
no significant differences in the RFS between pa-
tients with 1 mm < SM = 5 mm versus SM > 5
mm SM (P = .873) or between 1 mm < SM = 10
mim versus SM > 10 mm (P=.609). Among 165 pa-
tients who underwent MR, only 1 patient devel-
oped local recurrence at the resected plane,
compared with a 16% local recurrence rate among
patients with positive SM.

Prognostic impact of MR. Among the 539
patients with MR or no-MR (excluding the 31
patients with positive SM), the prognostic factors
that influence RFS were investigated. In univariate
analysis, HCV Ab (+), ICGR15 >15%, blood loss
>2000 mL, FFP transfusion (+), tumor size >5 cm,
MR, a poorly differentiated tumor, portal vein
invasion (+), IM (+), and cirrhosis (+) were signif-
icant poor prognostic factors for RFS. In the
multivariate analysis, however, the IM (+), tumor
size >5 cm, HCV Ab (+), cirrhosis (+), and portal



Surgery

Volume 151, Number 4

Nara el al 531

Table II. Results of the univariate and multivariate analyses of the prognostic factors of recurrence-free

survival in group D

Univariale analysis

Multivariate analysis

Variables n 5-year RES (%) P Hazard ratio (95% CI) P
Age,y .637
=65 109 40.6
>65 70 39.3
Gender 251
Male 152 42.0
Female 27 30.9
AFP .036 NS
=100 ng/mL 105 47.1
>100 ng/mL 73 31.1
HBs Ag 257
(=) 135 40.1
(+) 44 41.2
HCV Ab .333
(=) 114 41.%
(+) 65 39.1
ICGR15 .044 NS
=15% 134 48.8
>15% 44 30.2
Preoperative TACE 118
(=) 135 39.4
(+) 44 44.2
Blood loss .039 NS
=2000 mL 164 41.9
>2000 mL 15 22.2
FFP transfusion .032 NS
(=) 115 46.1
(+) 64 30.1
RBC transfusion .63
(=) 161 40.8
(+) 18 35.3
Extent of resection .005 NS
=2 segments 98 46.8
>2 segments 81 32.4
Anatomic resection .051
Yes 114 34.6
No 65 50.4
Tumor size <.001 .017
=5 cm 109 49.8 1.0
>b cm 70 25.2 1.59 (1.09-2.33)
MR <.001 .033
Yes 53 23.2 1.54 (1.04-2.29)
No 126 47.4 1.0
Tumor differentiation .005 .038
Poor 50 24.3 1.52 (1.02-2.26)
Other 129 46.6 1.0
Portal vein invasion .007 NS
(—) 83 47.3
(+) 96 34.6
Intrahepatic metastasis <.001 <.001
(—) 147 47.3 1.0
(+) 32 9.4 2.44 (1.55-3.83)

AFP, Alpha-fetoprotein; CI, confidence interval; FFP, fresh frozen plasma; HBs Ag, hepatitis B surface antigen; HCV Ab, hepatitis C virus antibody; /CGRI 3,
indocyanine green retention rate at 15 minutes; LC, liver cirrhosis; MR, marginal resection; NS, not significant; RBC, red blood cell; RFS, recurrence-free
survival; SN, simple nodular; TACE, transarterial chemoembolization; 7B, total bilirubin.
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Table III. Comparison between the marginal resection and non-marginal resection patients in group D

Variables MR group (n = 53) Non-MR group (n = 126) P
SM, mm 0.5+0.5 11.2 + 10.2 (8.0) <.001
Tumor size, cm (mean) 6.3 + 3.9 (5.0) 5.3+ 34 (4.1) .061
ICGR15 (%) 14.4 + 11.2 (13.0) 10.5 + 5.7 (9.6) .031
Preoperative TACE .126
(=) 44 (83%) 91 (72%)
(+) 9 (17%) 35 (28%)
Anatomic resection .106
Yes 29 (565%) 85 (68%)
No 24 (45%) 41 (32%)
Tumor differentiation ’ .663
Poor 16 (30%) 34 (27%)
Others 37 (70%) - 92 (73%)
Portal vein invasion .24
-y 21 (40%) 62 (49%)
(+) 32 (60%) 64 (51%)
Intrahepatic metastasis .001
(-) 36 (68%) 111 (88%)
+) 17 (32%) 15 (12%)
pTNM stage* .242
Stage 1 20 (38%) 61 (48%)
Stage II 27 (61%) 58 (46%)
Stage IIIB 6 (11%) 7 (6%)

*pTNM stage was defined according to the TNM classification of malignant tumours, 7th ed.? )
ICGI5R, Indocyanine green retention rate at 15 minutes; MR, marginal resection; SM, surgical margin; TACE, transarterial chemoembolization.

vein invasion (+) were independent poor prognos-
tic factors; MR was not an independent prognostic
factor based on a multivariate analysis.

A further investigation was conducted to assess
the prognostic value of MR, especially focusing
on the macroscopic type and the presence of
cirrhosis. First, among patients with the SN type
(n = 268), the RFS rates were similar between MR
and non-MR patients (P = .642), while among pa-
tients with the non-SN type HCC (n = 211), MR
proved to be a poor prognostic factor for RFS com-
pared with non-MR patients (P =".001). Second,
among patients with cirrhosis (n = 205), the RFS
rates were similar between the MR and non-MR
groups (P = .845), while among patients without
cirrhosis (n = 334), MR was a significant poor prog-
nostic factor for RFS compared with the non-MR
patients (P = .001). To combine these results, the
prognostic significance of MR was further evalu-
ated in each of the 4 groups: group A, SN type
with cirrhosis (n = 89; 19%); group B, SN type with-
out cirrhosis (n=122; 25%); group C, non-SN type
with cirrhosis (n = 89; 19%); and group D, non-SN
type without cirrhosis (n = 179; 37%). There were
no significant differences in the RFS between the
MR and non-MR patients in groups A, B, and C
(P values of .824, .406, and .519, respectively). As
expected, among the 300 patients in groups A, B

and C, theé RFS rates were similar between MR
and non-MR patients (P = .458; Fig 2, B). In con-
trast, MR was a poor prognostic factor for RFS in
group D (P < .001; Fig 2, C).

Prognostic analysis in group D patients. In the
univariate_analysis of prognostic factors in group
D, alpha-fetoprotein >100 ng/mL, ICGR15 >15%,
blood loss >2000 mL, FFP transfusion (+), resec-
tion of >2 segments, tumor size >5 cm, MR, a
poorly differentiated tumor, portal vein invasion
(+), and IM (+) were significant poor prognostic
factors for the RFS (Table II). In the multivariate
analysis, MR was an independent poor prognostic
factor for RFS (hazard ratio, 1.54; 95% confidence
interval, 1.04-2.29) in addition to IM (+), tumor
size > 5 c¢cm, and a poorly differentiated tumor
(Table II). The average and median SM of the
non-MR group was 11.2 + 10.2 mm and 8 mm,
respectively (Table III), and there was no signifi-
cant difference in the RFS between 1 mm < SM
= 10 mm and SM > 10 mm in group D patients
(P=.984).

In the subgroup analysis in group D, MR was a
poor prognostic factor for RFS in both the SNEG
(n =111) and CM (= = 61) types (P = .003 and
P = .007, respectively), in patients with a tumor
size =4 cm (n = 80) and >4 ¢m (n =99; P=.024
and P = .011), in patients with ICGR15 =10%
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Table IV. Comparison of recurrence pattern in group D patients who suffered from recurrence

Variables MR (n = 37) non-MR (n = 73) P
Median RFS, y 1.01 +0.2 1.8 +£0.28 .006
Time of recurrence .005
=2y 30 (81%) 39 (63%)
>2y 7 (19%) 34 (47%)
Site of recurrence .
Intrahepatic only 25 (68%) 58 (80%) .085
Intrahepatic + extrahepatic 7 (19%) 4 (6%)
Extrahepatic only 5 (14%) 11 (15%)
Site of intrahepatic recurrence .49
Resected plane 1 (3%) 0 (0%)
PVIT 1 (3%) 4 (7%)
Multiple 11 (34%) 20.(32%)
Solitary 19 (60%) 38 (61%)

MR, Marginal resection; PVTT, portal vein tumor thrombus; RFS, recurrence-free survival.

(n=289) and >10% (n=90; P=.030 and P=.004), in
patients with poorly differentiated HCCs (n = 50)
and others (n = 129; P=.015 and P = .001), in pa-
tients with portal vein invasion (n=96) and without
portal vein invasion (n = 83; P=.011 and P=.007),
in patients who underwent anatomic resection
(n = 114) and nonanatomic resection (n = 65;
P =.001 and P = .020), and both in patients with
UICC stage I (n=47) and stage II (n=117) disease
(P=.012 and P=.022).*" MR was a significant poor
prognostic factor even in patients without IM
(n=147; P=.003).

Comparison between MR versus non-MR
patients in group D. In group D, MR was associated
with a greater ICGR15 and a greater incidence
of IM, but the tumor size and pathologic TNM
stage were similar between the groups (P > .05;
Table III). In a comparison of the recurrence pat-
tern between the MR and non-MR group D pa-
tients who suffered from recurrence, the median
RFS of the MR group was less than that of the
non-MR group (1.01 £ 0.2 years vs 1.8 + 0.28 years;
P = .006), and 81% of patients in the MR group
developed a recurrence within 2 years after the
operation, compared with 53% of patients in the
non-MR group (P =.005; Table IV). No significant
difference was observed in the recurrence site dis-
tribution between the MR and non-MR groups
(P > .05; Table IV).

DISCUSSION

Recent advances in operative procedures and
perioperative care have markedly decreased the
morbidity and mortality' rates of HCC resec-
tion,'”*! but the close relationship between HCC
and the major hepatic vasculature often makes
hepatectomy technically demanding, especially in

patients with impaired liver function. In such
cases, surgeons often have no choice but to per
form MR with the intent of a macroscopically com-
plete resection of the tumor, while at the same
time preserving the maximum possible volume of
remnant liver. The prognostic impact of MR, how-
ever, has not been elucidated, and it is important
for surgeons to select the patient group preopera-
tively in whom MR may be acceptable with no ad-
verse effects on the postoperative RFS. In this
large, single-institution study involving 570 pa-
tients, we found that in group A, B, and C patients
(with SN type HCC or with LC), MR did not signif-
icantly decrease the postoperative RFS rate, and
MR may therefore be justified for these patients.
MR is an operative procedure that takes advan-
tage of the expansive growth and well demarcated
borders of HCC. It is well documented that HCCs
are characterized by frequent association with a
thick fibrous capsule,*” and by dissecting along the
capsule, pathologically complete resection is feasi-
ble without exposing the cancer cells on the re-
sected plane, and the reported local recurrence
rate at the resected plane is low.'® In our series,
among 165 patients who underwent MR, only 1 pa-
tient developed local recurrence at the resected
plane. This observation is in sharp contrast with
other common malignant liver tumors, such as
colorectal liver metastasis, in which there is a
high local recurrence rate of 5-13% reported after
marginal resection.?*** Indeed, nearly 30% of our
patients with solitary HCC underwent MR, possibly
expanding the indication for liver resection by
preserving the maximum possible remnant liver
volume. To define the appropriate SM correspond-
ing to MR, we analyzed preliminary >40 patients
who underwent hepatectomy along the tumor
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capsule, and found that the SM was often
diagnosed as 1 mm because of the thick fibrous
capsule surrounding the HCC. Therefore, we de-
fined MR as a negative surgical margin of =1 mm.

In this study, the prognostic impact of MR was
investigated, focusing specifically on the macro-
scopic appearance of HCC and the presence of
cirrhosis. This approach was taken for the follow-

ing reasons. First, macroscopic classification of

HCC is one of a few preoperatively available clues
to the invasive characteristics of the HCC, such as
microscopic portal vein invasion or tiny IMs, which
are difficult to detect before operation. Non-SN
type HCCs, such as tumors with the extranodular
growth or confluent multinodular appearance, are
reported to be associated more frequently with
portal vein invasion or IM compared with SN type
HCCs.%® This finding was also true in our patient
population. Non-SN type HCC should be discrimi-
nated from SN type HCC as pathologically invasive
HCC. Because portal vein invasion and IM are well-
known poor prognostic factors after HCC resec-
tion,”** and MR may fail to eradicate these lesions,
we suspected that the prognostic value of MR may
differ between SN and non-SN type HCCs. Second,
among patients with cirrhosis, metachronous can-
cer occurrence in the remnant liver is reported
to be frequent,™® and MR may have a favorable
prognostic impact by maintaining the remnant
liver volume and preventing the development of
liver dysfunction.7 Therefore, the impact of MR
on the postoperative RFS was suspected to be dif-
ferent according to the background liver status.
Third, the macroscopic type of HCC and presence
of cirrhosis can both be assessed preoperatively by
conducting various imaging and laboratory exami-
nations and can therefore be taken into account

during the operative planning. Particularly, recent’

advances in diagnostic imaging, such as contrast-
enhanced ultrasonography, multi-detector row CT
or gadoxetic acid disodium-enhanced magnetic
resonance imaging have made it possible to better
understand the tumor shape, hemodynamics, and
relationship with surrounding structures.?” Using
these high-resolution imaging techniques, preop-
erative classification of the macroscopic type has
now become feasible in a similar way that the
macroscopic type of HCC is classified according
to the gross section of the tumor in the resected
specimen.19

According to our analysis, MR proved to be a
significant poor prognostic factor for RFS in group
D patients. Furthermore, MR affected negatively
the RFS irrespective of subdivisions in group D,
such as the SNEG type and CM type, tumor size <4
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cm and > 4 cm, etc. This finding implies that MR is
a universal poor prognostic factor for group D.
Wide SM may be preferable in group D whenever
feasible. With regard to the adequate SM in group
D, about 1 cm may be preferable, considering that
the average SM of the non-MR group was 11 mm
and that there was no significant difference in the
RFS between 1 mm < SM =10 mm and SM >10
mm. Although MR was significantly associated with
a greater incidence of IM in group D, MR was
significantly associated with a poor RFS even in
patients without IM, and the fact that MR was one
of the independent poor prognostic factors (in
addition to IM [+]) in the multivariate analysis,
suggests that MR itself has an unfavorable impact
on the RFS in group D patients.

Based on our results, when a HCC shows a non-
SN type appearance on preoperative imaging in
patients with preserved liver function, a wide
surgical margin resection (SM = 1 cm) should be
attempted, even if it mandates additional resection
of 1 or more thick vessels in the adjacent liver, as
far as the adequate remnant liver volume can be
secured. In order to avoid inadvertent MR, it is
important to confirm frequently the transection
plane by intraoperative ultrasonography.
negatively influences the postoperative RFS in
group D patients is that the non-SN type HCCs
adjacent to major vascular structures may be asso-
ciated frequently with otherwise undetectable small
metastases in the remnant liver or distant organs at
the time of resection in patients without cirrhosis,
and these become apparent early after resection.
Another possible explanation is that non-SN type
HCCs are associated with a high incidence of
portal vein invasion, therefore, the intraoperative
manipulation near the tumor may facilitate detach-
ment of cancer cells through the portal branch
into the bloodstream, causing intrahepatic or ex-
trahepatic metastasis. This tendency may be more
distinct among patients without cirrhosis, in whom
postoperative multicentric carcinogenesis is less
common. Indeed, in a comparison of the recur-
rence patterns between MR and non-MR patients,
the median RFS was significantly less in the MR
group, while the site of recurrence was similar
among the groups, indicating that the recurrence
may be caused by dissemination through the portal
or systemic blood circulation rather than local
control failure. In support of this possible expla-
nation, Yamanaka et al®® reported that multiple

"blood sampling at the portal vein during hepatec-

tomy revealed dislodging cancer cells frequently
in patients with tumor sizes >5 cm and with portal
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vein invasion. To confirm this explanation, addi-
tional investigations will be needed.

Patients who underwent anatomic resection in
group D had a tendency for poorer RFS than
patients who underwent nonanatomic resection
(P =.051; Table II), and this may be related to the
high prevalence of larger tumors (P = .01), micro-
scopic portal vein invasion (P = .014), and
advanced pTNM stage (P = .017) in anatomic re-
section group compared with nonanatomic resec-
tion group.

In conclusion, the results of our study revealed
that the prognostic value of MR during hepatec-
tomy for a solitary HCC differed according to the
macroscopic appearance of HCC and the underly-
ing liver disease.. Among patients with SN type
HCC or with cirrhosis, MR is acceptable, because
MR was not a poor prognostic factor for RFS in
these patients. In contrast, MR in patients with
non-SN type HCC and without cirrhosis was a
potent adverse prognostic factor for RFS, so wide
SM may be preferable if feasible, and if MR must
be selected by necessity, then close follow-up may
be advisable to prepare for an early recurrence and
prompt treatment in this group.
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ORIGINAL ARTICLE

Pancreatic Ducts as an Important Route of Tumor
Extension for Acinar Cell Carcinoma
of the Pancreas

Daisuke Ban, MD, PhD,*t Kazuaki Shimada, MD, PhD,f Shigeki Sekine, MD, PhD,*
Yoshihiro Sakamoto, MD, PhD,} Tomoo Kosuge, MD, PhD,t Yae Kanai, MD, PhD,*
and Nobuyoshi Hiraoka, MD, PhD*

Abstract: Acinar cell carcinoma (ACC) of the pancreas is very
rare, which usually grows expansively. Recently, a variant of
ACC with predominant growth in the pancreatic ducts has been
proposed, and is speculated to have potentially less aggressive
behavior. The aim of this study was to investigate how the
pancreatic duct system is related to the growth and extension of
ACC. We reviewed the detailed gross and histologic features of
13 cases of ACC, of which 7 (54%) showed intraductal polypoid
growth (IPG) of the tumor in the large pancreatic ducts with a
mean IPG length of 24.8 mm. Tumors with IPG were found to
spread characteristically along the pancreatic ducts as extending
polypoid projections, filling the ducts and destroying the duct
walls, although tumors did not tend to extend beyond the
pancreatic parenchyma. Comparison of the clinicopathologic
characteristics showed that ACC with IPG had less infiltrative
features including lymphatic, venous, and neural invasion,
formation of tumor thrombus in the portal vein, nodal
metastasis, and invasion beyond the pancreas to the surround-
ing organs; death in only 1 case (14%) of ACC with IPG was the
result of ACC itself. In contrast, ACC without IPG frequently
showed more infiltrative growth, and was the cause of death in
50% of patients with this type of tumor. Intraductal dissemina-
tion of ACC in pancreatic ducts was proven in 1 case of ACC
with IPG. These findings suggest that a significant proportion of
ACC shows IPG, which is potentially linked to less aggressive
clinicopathologic characteristics.
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Acinar cell carcinoma (ACC) is a rare tumor of the
pancreas, accounting for approximately 1% of all
pancreatic tumors.>® ACC is highly malignant with a
poor prognosis and a high rate of recurrence, although
not many studies have investigated the pathobiology of
ACC because of its low incidence. Typically, ACC is a
solid tumor that shows expansive rather than infiltrative
growth.>” ACC has often been reported to compress or
narrow the large pancreatic ducts, in the same way as a
pancreatic endocrine or solid-pseudopapillary neoplasm.
Recently, several cases of ACC with characteristic growth
features have been reported, in which the tumors grew
predominantly in the large - pancreatic ducts [main
pancreatic duct (Wirsung duct) or accessory pancreatic
duct (Santorini duct)] and exhibited polypoid and/or
papillary features.!~3!> Basturk et al.! proposed a new
variant of ACC showing a predominantly intraductal,
papillary, and/or papillocystic growth pattern. This
variant of ACC was suggested to be very rare, and to
show more indolent behavior. Meanwhile, the Japan
Pancreas Society has stated that 29.2% of ACC cases
entered in the Pancreatic Cancer Registry showed “‘spread
within the main pancreatic duct,”® in which the clinical
characteristics of ACC were mainly investigated and
detailed pathologic reviews were lacking.” Consequently,
many aspects of the relationship between the pancreatic
duct system and the tumor growth and extension of ACC .
are still unclear.

The pancreatic duct system is primarily affected
by pancreatic ductal carcinomas (PDCs). PDCs originate
in the pancreatic ductal epithelium and generally
show infiltrative growth and often invade and obstruct
the large pancreatic ducts. PDCs also extend along
the pancreatic ducts, replacing the luminal epithe-
lium, and occasionally extend to the entire head of the
pancreas through intraductal spread without stromal
invasion.

The aim of this study was to investigate the role of
the pancreatic ducts, especially the large pancreatic ducts,
in the growth and extension of ACC. In this series, we
reviewed the detailed gross and histologic features of 13
cases of ACC and considered the clinicopathologic
findings, particularly in relation to extension of ACC
through the large pancreatic ducts.
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MATERIALS AND METHODS

Study Population

This study was approved by the Ethics Committee
of the National Cancer Center, Japan. Between October
1987 and June 2009, 848 patients underwent pancrea-
tectomy for pancreatic neoplasms at National Cancer
Center Hospital, Tokyo. Among those patients, we
conducted a retrospective clinicopathologic analysis of
13 patients (1.5%) whose tumors were diagnosed
pathologically as ACCs in 10 and mixed acinar-endocrine
carcinomas (MAEs) in 3, according to the WHO
classification.>® Nine of the 13 patients were male and
4 were female, with the mean age of 57 years (range, 35 to
80y). Four patients underwent pancreatoduodenectomy,
6 underwent distal pancreatectomy, and 3 underwent
total pancreatectomy. The resection was curative in all
cases. Postoperative follow-up data were available for
all patients, with a median follow-up period of 27 months
(range 5 to 180mo). Clinical information, such as
treatment and follow-up data, were obtained from the
patient records. The clinical characteristics of the patients
are listed in Table 1. The mean tumor size was 10.2cm
(range 4.5 to 14.5cm).

Pathologic Examination

All of the ACCs and MAEs were pathologically
reexamined, and the diagnosis of ACC and MAE was
confirmed. Surgically resected specimens were fixed in
10% formalin and cut into serial slices S-mm thick,
horizontally in the pancreas head, and sagittally in the
pancreas body and tail. All the sections were stained with
hematoxylin and eosin (HE) for pathologic examination.
For detection of pancreatic ducts, additional staining for
elastic fibers (elastica stain) was carried out.

Immunohistochemical Analysis

Immunohistochemistry was carried out on forma-
lin-fixed, paraffin-embedded tissue sections as described
earlier,* using antibodies against these antigens: chromo-
granin A (1:400), synaptophysin (1:50), neuron-specific
enolase (NSE, BBS/NC/VI-H14, 1:400), and Ki-67
(MIB-1, 1:50) from DAKO (Glostrup, Denmark), trypsin
(1:500), and lipase (1:100) from Biodesign (Saco, ME),
and B-catenin (14, 1:100) from Transduction Laboratories
(Lexington, KY). Immunohistochemical results were
scored semiquantitatively: + + when > 50% of cells were
positive, + for 25% to 50% positivity, focal+for <25%
positivity, and - for negative staining.

Electron Microscopic Examination

Fresh tissue was fixed with 2.5% glutaraldehyde,
postfixed with 1% osmium tetroxide for 1 hour,
dehydrated with a graded ethanol series and acetone,
and embedded in epoxy resin. Ultrathin sections were
cut and double-stained with uranyl acetate and lead
nitrate, and examined with a JEOL-1010 electron micro-
scope. -
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Extraction of Genomic DNA and Mutation
Analyses of the CTNNB1 (f-catenin)
and APC Genes

Formalin-fixed, paraffin-embedded sections S5-um
thick containing tumor areas were stained briefly with
HE and used for DNA extraction. Histologically,
identified tumor and normal tissues were separately
microdissected under microscopic observation. The mi-
crodissected tissues were incubated in DNA extraction
buffer [50 mM Tris-HCI, pH 8.0, | mM ethylenediamine-
tetraacetic acid (EDTA), 0.5% (v/v) Tween-20, and -
200 pg/mL proteinase K (Roche Diagnostics, Mannheim,
Germany)] at 55°C overnight, and then the proteinase K
was inactivated by heating at 100°C for 10 minutes.
Mutation analyses were done as earlier described.!?!'3

Analysis of Loss of Heterozygosity (LOH)

LOH was analyzed as described earlier.! In brief,
genomic DNA was amplified by PCR using oligonucleo-
tide primers for 20 microsatellite markers: BAT25 (4q12),
BAT40 (1p13.1), APC (D5S346) (5921 to 22), D16S408
(16q), D16S164 (16921 to 22.1), D16S168 (16q21 to 22.1),
IFNA (9922), D18S69 (18q21), D10S197 (10qter), UT762
(21), ACTBP2 (6q), AR (X), D16S409 (16q), D16S410
(16p), D17S261 (17p12 to 11.1), TP53CA (17pl3.1),
BAT26 (2p22 to 21), and D2S123 (2p16). The S ends
of the primers were labeled with 6-carboxyfluorescein,
and PCR amplifications were carried out with 10ng of
genomic DNA. Subsequently, the PCR products were
fractionated by electrophoresis (Applied Biosystems 3130
Genetic Analyzer). Data were analyzed using the Gene-
Scan computer program (Applied Biosystems). When
2 amplified bands per locus were detected, the locus was
defined as informative for LOH analysis. LOH was
considered to be present when the relative intensity of
1 allele was reduced by more than 70% in informative
locus.

Statistical Analysis

Statistical analyses were done with PASW Statistics
18.0 (SPSS Inc., Chicago, IL). Association of the presence
of IPG with various clinicopathologic parameters was
assessed by the x? test. Differences were considered
significant at P < 0.05.

RESULTS

Tumors Showing Features of Intraductal
Polypoid Growth

Seven cases of ACC (54%) (cases 1 to 7 in Table 1)
formed polypoid or nodular tumors in the large
pancreatic ducts, and this is referred to hereafter as
intraductal polypoid growth (IPG) (Fig. 1). The polypoid
projections of the tumor filling the large pancreatic ducts
resulted in dilation of the ducts, and the advancing fronts
of the polypoid projections lay freely within the duct
lumina with no signs of implantation into the mucosal
surface. We measured the length of the intraductal
polypoid projections without destroying the duct wall,
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