PACLITAXEL REDUCES GALT AND IgA

of the adverse effects of PTX on gut immunity is thus an im-
portant research goal.

Gut-associated lymphoid tissue (GALT) has been consid-
ered a center of mucosal immunity because of its mass and
function [12]. Anatomically, GALT is composed of organized
lymphoid structures and diffusely distributed cell populations,
such as intraepithelial (IE) and lamina propria (LP) lympho-
cytes. Organized GALT consists of Peyer patches (PP), which
are regarded as the primary mucosal immune-inductive sites
and sources of immunoglobulin (Ig) A-secreting cells. Once
naive lymphocytes have migrated into PP, they are sensitized
and stimulated through interaction with dendritic cells and
migrate to mesenteric lymph nodes, where they mature, pro-
liferate, or both. After release into the thoracic duct, these
lymphocytes are distributed by the vascular system to GALT
effector (the LP and IE space) and extraintestinal sites.

This study examined whether PTX impairs gut immunity
in mice. We examined the effects of a single intravenous dose
of PTX on GALT (PP, LP, and IE) lymphocyte numbers, GALT
cell phenotypes, and the secretory IgA concentration. Patho-
logic examination of the intestine also was performed.

Materials and Methods
Animals

The studies described herein conformed to the Guidelines for
the Care and Use of Laboratory Animals established by the Ani-
mal Use and Care Committee of the National Defense Medical
College. Male Institute of Cancer Research (ICR) mice, five
weeks of age, were purchased from Japan SLC Inc (Hama-
matsu, Japan). The ICR mouse is a standard strain for testing
the toxicity, pharmacokinetics, and influences of drugs. In
addition, many experimental studies focusing on the influ-
ences of nutrition on gut immunity in these animals have ob-
tained results compatible with human clinical data. This strain
has been used widely for evaluating gut immunity [13-15].

The mice were housed under controlled temperature and
humidity conditions with a 12-h:12-h light:dark cycle. For
acclimation, mice were fed commercial mouse chow (CE7,
Clea, Japan) with water ad libitum for one week before pro-
tocol entry.

Surgical procedure

After the mice had been fasted overnight, they were
given general anesthesia (ketamine 100 mg/kg and xylazine
10mg/kg) and randomized into three groups: Control
(n=18), low-dose PTX (low PTX; n=22), or high-dose PTX
(high PTX; n=24). All mice underwent implantation of silicon
rubber catheters (0.3 mm inner and 0.5mm outer diameter;
Imamura Co., Tokyo, Japan) into the right jugular vein to
assure intravenous (IV) administration of PTX. The proximal
end of the catheter was tunneled subcutaneously over the
spine and exited the tail at its midpoint. After these proce-
dures, the mice were placed in individual metal metabolism
cages and partially immobilized by tail restraint to protect the
catheter during infusion. This technique is a well-established
method that induces neither physical nor biochemical stress
[16]. All procedures were performed aseptically. Catheterized
mice were connected immediately to infusion pumps (TE331;
Terumo, Tokyo, Japan) and received physiologic saline at
0.2mL/h for 48 h with ad libitum access to chow and water.

51

Infusion protocol

The control group received a continuous IV infusion of
physiologic saline at 0.2 mL/h throughout the study period
with free access to chow and water (Fig. 1). On postopera-
tive day 2, a single IV dose of PTX (Bristol Myers Squibb,
Tokyo, Japan) was given to the low- (2mg/kg) and high-dose
(4 mg/kg) PTX groups. After the injection, the mice continued
to receive saline at 0.2mL/h throughout the study period
with free access to chow and water.

Atseven days after the injection, all mice were anesthetized
(ketamine 100mg/kg and xylazine 10mg/kg) and ex-
sanguinated by cardiac puncture. Complete blood cell counts
were performed. Nasal and bronchoalveolar washings were

- obtained by lavage with 1mL of phosphate-buffered saline.

The entire small intestine was harvested and flushed with
20mL of chilled Hank balanced salt solution (HBSS). The
washings were stored in a - 80°C freezer for later IgA analysis.

Peripheral blood-cell counts

Total numbers of leukocytes and the hemoglobin concen-
trations in the peripheral blood were measured with a he-
mocytometer (PCE-210; Erma Inc, Tokyo, Japan).

Cell isolation

Lymphocytes were isolated from the GALT using a modi-
fication of the method described by Li et al. [13]. The PP were
examined as an inductive tissue for mucosal immunity.

. Control Group
Normal
li . . .
Saline . Normal Saline D.L.V+Chow
0.2ml/ hy
D.LV

+ Low PTX Group

free access
to chow

2 mg/kg Paclitaxel

High PTX Group
4 mg/kg Paclitaxel
| I

' canuulation

<32 Days <

7 Days JR—

Normal Saline 0.2 ml/hr

Chemotherapy
Control  Low PTX  High PTX
Exp. Isolation of GALT n=18 n=22 n= 24
Histology n=2 n=3 n=3
FIG. 1. Experimental protocol. All mice received a saline

infusion with free access to chow and water. Mice were given
low or high paclitaxel (PTX) doses intravenously at 2mg/kg
or 4mg/kg, respectively. GALT =gut-associated lymphoid
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Lymphocytes of the IE space and LP were chosen as gut
mucosal immunity effector sites.

Peyer's Patches

The PP were excised from the serosal side of the intestine
and teased apart. The fragments were treated with collage-
nase (40U/ml; Sigma, St. Louis, MO) in Roswell Park
Memorial Institute (RPMI) 1640 medium for 60 min at 37°C,
with constant shaking. After collagenase digestion, the cell
suspensions were passed through nylon filters.

Intraepithelial space and lamina propria

After PP excision, the intestine was turned inside out and
cut into four segments. The segments were incubated with
RPMI 1640 containing 5% fetal bovine serum (FBS), 1% glu-
tamine, and a 1% antibiotic mixture (penicillin and strepto-
mycin; GIBCO, Auckland, New Zealand), for 45 min at 37°C
in a water shaker (150 rpm). Supernatant liquids containing
released sloughed epithelial cells and IE lymphocytes were
stored on ice. The remaining tissue pieces were incubated
three times, 45 min each time, with RPMI 1640 containing
collagenase (40U/mlL; Sigma), 5% FBS, glutamine, and the
antibiotic mixture at 37°C at 150 rpm in a water shaker. Su-
pernatant liquids containing LP cells from each of the incu-
bations were pooled on ice. Supernatant liquids were filtered
through a glass wool column. Suspensions were centrifuged,
the pellets were resuspended in 40% Percoll (Pharmacia,
Piscataway, NJ), and the cell suspensions were overlaid on
75% Percoll. After centrifugation for 20 min at 600x g at 25°C,
viable lymphocytes were recovered and washed in RPMI
1640. The lymphocytes were resuspended in RPMI 1640 with
5% FBS, 1% glutamine, and the 1% antibiotic mixture and then
counted. This procedure yields a cell population that is 95%-
100% viable by trypan blue exclusion.

Flow cytometry

Lymphocytes (1x10°) isolated from PP, the IE space, and
the LP were suspended in 50 mcL. of HBSS containing fluo-
rescein isothiocyanate (FITC) anti-mouse y& T-cell receptor
(TCR) (clone GL3; Caltag, Burlingame, CA) and phycoery-
thrin  (PE)-conjugated antimouse BTCR (clone H57-597;
Pharmingen, San Diego, CA) to identify y6TCR+ T and
afTCR + T cells, respectively, or PE-anti-CD4 (clone CT-CD4;
Caltag) and either FITC-anti-CD8« (clone CT-CD8a; Caltag)
to identify the two T-cell subsets or FITC-anti-CID45R (B220;
clone RA3-6B2; Caltag) to identify B cells. All antibodies were
diluted to 1 mecg/mL in HBSS containing 1% FBS. Incubations
were carried out for 30 min on ice. After staining, the cells
were washed twice in HBSS/1% FBS and fixed in 1% para-
formaldehyde. Flow cytometric analyses were performed on
an Epics XL (Coulter, Inc., Hialeah, IL).

IgA quantification

Immunoglobulin A was measured in intestinal, nasal, and
bronchoalveolar washings in a sandwich enzyme-linked im-
munosorbent assay using a polyclonal goat anti-mouse IgA
(Sigma) to coat the plate, a purified mouse IgA (Zymed La-
boratories, San Francisco, CA) as the standard, and a horse-
radish peroxidase-conjugated goat anti-mouse IgA (Sigma).
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Histologic examination

To assess the influences of PTX on gut morphology, tissue
sections of intestines collected from another set of mice (con-
trol: n=2, low PTX: n=3, high PTX: n=3) were examined. The
harvested intestine was cut into three sections, and each piece
was fixed by immersion in 10% buffered formalin. For light
microscopy, tissue samples were embedded in paraffin, sec-
tioned, and stained with hematoxylin and eosin (H&E).

Statistical analysis

All data are expressed as the mean ®standard error of the
mean for each group. Statistical significance was determined
using analysis of variance (ANOVA) followed by the Fisher
‘protected least-significant difference post-hoc test. Differ-
ences were considered significant at p<0.05. All statistical
calculations were performed with SPSS Software for Win-
dows (SPSS, Inc., Chicago, IL).

Results
Body weight

There were no significant differences in body weight in the
three groups at the beginning of the experiment (mean
32.1£13g [standard error] control; 31.5%15g low-PTX;
31.6% 1.4 g high-PTX).

Blood cell count

There were no significant differences in complete blood cell
counts, including white blood cell counts and hemoglobin
concentrations, among the three groups (Table 1).

Body weight change and food intake

We found no significant difference in body weight change
or daily food intake among the three groups during the seven
days after PTX injection (Fig. 2).

Total cell yields from GALT

The PP lymphocyte numbers were significantly lower in
the high-PTX than in the control group (Fig. 3). The low-PTX
group was midway between the control and high-PTX
groups. The numbers of lymphocytes isolated from the IE and
LP did not differ significantly among the three groups.

GALT phenotype

The PP and LP lymphocytes showed no significant differ-
ences in the percentages of afTCR +, ydTCR +,CD4 +, CD8 +,
or B220+ cells among the three groups (Tables 2-4). How-
ever, in the IE spaces, the percentages of CD4+ cells were
significantly higher in the control group than in either the low-
or the high-PTX group (Table 3). Absolute numbers of

TaBrLe 1. MEaN BLoop CeLL CoUNTS £ STANDARD ERROR

Low
paclitaxel

High

Control paclitaxel

White blood 8,200 £1,100 7,500 %550 7,700 £1,000
cells (/mcL)

Hemoglobin
(g/dL)

129+ 02 127+ 02 127% 0.3
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FIG. 3. Total cell yields from gut-associated lymphoid tis-
sue (GALT). Values are means+standard error. *p<0.05 vs.
control (analysis of variance). PTX=paclitaxel; PP=Peyer
patches; IE = intraepithelial; LP =lamina propria.
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TaBLE 2. MEaN GUT-AssoCIATED LyMPHOID TISSUE
PHENOTYPE PERCENTAGES = STANDARD ERROR
IN Peyer PAaTCHES

Control Low paclitaxel High paclitaxel
of 27.0+1.1 253409 26.8+£0.5
o 0.7£0.02 0.7£0.02 0.6£0.02
CD4 27.2+1.0 23.8+09 25305
CD8 1.940.3 20+0.2 2202
B220 44.1+1.3 46.2+1.1 46.4+1.2

yOTCR+ and CD4 + cells in PP were significantly lower in the -
high-PTX than in the control group. In addition, there were
significantly more CD4+ cells in the IE spaces in the contro]
group than in either of the PTX groups (Fig. 4).

Secretory IgA concentration

There were no significant differences in intestinal IgA
concentration among the three groups (Fig. 5). Nasal and re-
spiratory tract IgA concentrations were significantly lower in
the high-PTX than in the control group when we defined these
concentrations as those of nasal plus bronchoalveolar wash-
ings. The low-PTX group was midway between the control
and high-PTX groups in these measures, but the differences
did not reach statistical significance.

Histopathologic changes

Figure 6 shows representative H&E staining of the distal
portion of small-intestinal sections from the control, low-PTX,
and high-PTX groups. In the high-PTX group, PP size was
decreased, whereas the low-PTX group showed only minor
changes (Fig. 6A-C). However, the histologic appearances of
luminal structures such as villous height or mucosal thickness
were similar in the three groups. In the proximal and middle
portion of the small intestine, a similar finding was observed
(Fig. 6D-F).

Discussion

The present study demonstrated the influence of PTX on
GALT cell mass and function. A high dose of PTX reduced
lymphocyte numbers at PP GALT inductive sites, with de-
creased absolute numbers of YOTCR+ and CD4+ cells, but
did not influence total lymphocyte numbers in GALT effector
sites. In association with the GALT mass reduction, nasal
and respiratory tract IgA concentrations were decreased in
the high-PTX group, whereas the IgA concentration in the

TaBLE 3. MeaN GuTr-AssociaTep LympuOID TISSUE
PHENOTYPE PERCENTAGES + STANDARD ERROR
IN [NTRAEPITHELIAL SPACES

Control Low paclitaxel High paclitaxel
aff 36.1£0.5 37519 33.7+21
1o 99x1.6 11.2+3.0 11.9+4.6
CD4 19.5+£23 11.2+1.4° 10.9£19°
CD8 32.8+51 46.0£8.1 39.5+8.3
B220 105415 87115 75+1.6

“P<0.05 vs. control (analysis of variance),
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TaBLE 4, MEAN GUT-ASSOCIATED LYMPHOID
TisSUE PHENOTYPE PERCENTAGES (£ STANDARD

ERROR) 1IN LAMINA PROPRIA

Control Low paclitaxel High paclitaxel
ofl 261421 247433 21.3£2.0
¥d 6.0£0.9 7.0+09 58413
CD4 17.542.3 14.742.3 13,1424
CD8 14.6£1.6 153+1.4 12.0£0.8
B220 3.9:+0.8 4.6:+0.7 5007

intestinal washings did not show significant differences
among the three groups.

The absolute numbers of CD4+ cells in PP and IE spaces
and of y8TCR + cells in the PP were significantly higher in the
control than in the high-PTX group. Reduction in absolute
numbers of CD4+ and y8TCR+ cells in the PP as a result of
PTX injection may impair systemic mucosal immunity. In fact,
a reduction in CD4+ cells in GALT in the absence of enteral
nutrition has been documented in association with impaired
mucosal immunity [13,17]. In addition, intestinal yd+ T lym-
phocytes are mainly involved in innate immunity and help to
maintain mucosal homeostasis by participating in oral toler-
ance to food antigens and intestinal flora, in mucosal tissue
repair, and in immunity to viral antigens and tumor cells [18~
21]. Moreover, a recent study showed that activated human y8
T cells can serve as antigen-presenting cells and induce both
Th- and Te-cell-mediated responses [22]. New therapeutic
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FIG. 4. Absolute numbers of CD4" lymphocytes in Peyer
patches (PP) and intraepithelial (IE) spaces or 8+ lympho-
cytes in PP. Values are means+standard error. *p <0.05 vs.

control (analysis of variance) PTX = paclitaxel.
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methods to increase these lymphocytes during chemotherapy
are needed.

Although our present results do not elucidate the mech-
anisms underlying the decreased PP cell number in the
high-PTX group, we can speculate about some possible
mechanisms. One possibility involves the effects of PTX on
microtubules and cell proliferation. Because PTX inhibits cell
proliferation by stabilizing microtubules [11] and PP lym-
phocytes proliferate more than IE and LP lymphocytes, the
influence of PTX on PP may have been greater than that on IE
spaces and LP. To the contrary, we previously reported ad-
ministration of 5-fluorouracil (5-FU), an inhibitor of thymi-
dylate synthese, to reduce lymphocyte numbers in IE spaces
and LP without marked changes in PP lymphocyte number
[23]. Second, PTX may have lowered adhesion-molecule ex-
pression on the high endothelial venules of PP, leading to
reduction of PP cell number, because PTX reportedly exerts
inhibitory effects on endothelial-cell adhesion and migration
[24]. In therapy for coronary artery disease, PTX drug-eluting
stents prevent in-stent re-stenosis by inhibiting endothelial-
cell adhesion and migration [25]. A previous study indicated
that exposure to PTX downregulates the expressions of lym-
phocyte function-associated antigen (LFA)-1 and intercellular
adhesion molecule (ICAM)-1 in mastocytomas [26]. In addi-
tion, colchicine, a drug that inhibits cell microtubules, inhibits
CD54 expression by human umbilical-vein endothelial cells as
well as LFA-1 expression by human T lymphocytes [27].
Therefore, the interaction between naive lymphocytes and
endothelial cells may be altered in response to PTX.
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FIG. 6. Hematoxylin and eosin-stained sections of representative small intestinal tissues from control and low- and high-
dose paclitaxel mice. Histopathologic changes are described in the text. Peyer patches from control (A), low-dose (B}, and
high-dose (C) mice. Small intestine from distal sites in the control (D), low-dose (E), and high-dose group (F). (Original
magnification x 200 (A-C) and x400 (D-F). Color image is available online at wiww liebertpub.com/sur

Unexpectedly, the IgA concentration in small intestinal
washings did not differ significantly among the three groups
regardless of whether or not PP cell numbers were reduced.
One possible reason may be the maintenance of LI number
despite PTX treatment. The LP is the major gut mucosal effector
site enriched with IgA-producing cells. Otherwise, polymeric
immunoglobulin receptor (pIGR), produced by epithelial cells,
might be preserved in the PTX group, as PTX treatment did not
affect the gut epithelial layer in a histologic study [28]. The pIgR
is a specialized transport protein for IgA, which affects the
luminal IgA concentration. Nevertheless, a decrease in respi-
ratory tract IgA concentration as a result of high-dose PTX may
have been associated with reduced PP cell number and sug-
gests impaired extraintestinal mucosal immunity.

Generally, administration of anticancer drugs reduces vil-
lous height and mucosal thickness, as reflected by the GI side
effects of these drugs [29,30]. Taxanes induce unique histo-
logic changes in the epithelium of the GI tract associated with
cell necrosis [11]. However, the dose in this study did not
cause gut morphologic changes. Previously, Kadota et al. re-
ported no abnormal histologic findings in the jejunum or the
ileum after intravenous administration of PTX to rats [31]. The

doses given by Kadota et al. were much higher than those
administered in the current study. Mason et al. examined the
effect of PTX on the GI mucosa in a murine model, with in-
jections of single doses of 10 and 40 mg/kg of PTX [32]. They
demonstrated the appearance of the jejunal mucosa to be
nearly normal at 24 h after PTX administration, whereas mi-
totically arrested cells could be seen in the proliferative zone
at 3~4h. Therefore, our gut morphology data are broadly
consistent with the results from these previous studies.

Because chemotherapy is often associated with a variety of
disturbances that can affect nutritional status profoundly,
chemotherapy-induced malnutrition may reduce the secre-
tory IgA response and GALT lymphocyte number. However,
low- and high-PTX mice ate almost the same amount of chow
as the control group, and body weight changes did not differ
significantly among the three groups in the present study. In
addition, blood cell counts showed no significant differences.
Thus, we do not consider the GALT alterations observed in
this study to be attributable to nutritional factors.

The present data suggest that during chemotherapy with
PTX, special tactics aimed at preserving mucosal immunity
may be needed. We demonstrated previously that
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concomitant infusion of fish oil with 5-FU reverses 5-FU-in-
duced GALT atrophy and normalize the respiratory tract I[gA
concentration [33]. Certain dietary compounds, especially
probiotics and fiber, enhance intestinal secretory IgA pro-
duction in healthy animals [34]. In addition, diets rich in fla-
vonoids, such as cocoa and apple polyphenols, increase the y6
T cell population in GALT [35,36]. Supplements containing
these immune-enhancing nutrients need to be tested as a
possible strategy for avoiding PTX-induced impairment of
mucosal immunity.

Based on pharmacologic information about PTX, the lethal
dose (LDsg) for mice given intravenous injections is approxi-
mately 12 mg/kg. In our preliminary study, we examined the
effects of intravenously administering 6, 4, and 2mg/kg of
PTX to mice. The body weights of the animals treated with
6mg/kg had decreased markedly after seven days, whereas
the other two groups showed no weight loss. Thus, 4mg/kg
and 2mg/kg do not appear to cause malnutrition and were
chosen for this study. In addition, these doses are relevant
to clinical use, although the difference between mg/m” and
mg/kg is a problem.

The current study has limitations. We performed a pilot
study witha five-day time frame. However, neither the2 mg/ kg
nor the 4 mg/kg dose of PTX produced deficits in gut immu-
nity. Next, we extended the period to seven days and obtained
the present data. We administered only a single dose of the
drug, not repeated injection, as would be done in the clinical
setting. Moreover, we observed GALT atrophy at only one time
point; Le., seven days after PTX injection. We recognize the
importance of conducting a longitudinal study. Our future
studies will focus on reducing the impacts of these limitations.

In conclusion, intravenous administration of high doses of
PTX reduces PP lymphocyte numbers and the respiratory
tract IgA concentration, whereas low-dose PTX has relatively
minor effects. Because PTX has been considered to have rel-
atively minor Gl side effects, clinicians may not pay attention
to gut function during chemotherapy with this drug. How-
ever, the present study raises the possibility of paclitaxel-
related impairment of gut immunity, leading to a higher risk
of respiratory tract infection. Careful dose selection and new
therapies may be important for maintaining mucosal immu-
nity during PTX chemotherapy.
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Shbstract

Background  Full understanding of the hilar anatomy is crucial for successful surgical resection of perihilar chol-
angiocarcinoma (PHC).

Methods The three-dimensional positional relationship between the left hepatic artery (LHA) and the umbilical
portion of the left portal vein (UP) was evaluated using multidetector-row computed tomography (CT) in 58
consecutive patients who underwent right-sided hepatectomy for Bismuth-Corlette 1lla or IV tumors. The positional
relationship of the LHA related to UP was classified into the following three types: L-UP type, LHA runs into the left
lateral section (LLS) from the left caudal side of the UP; R-UP type, LHA runs into the LLS from the right cranial
side of the UP; and combined type, one branch of the LHA runs into the LLS from the right cranial side of the UP,
and the other from the left caudal side of the UP.

Results  L-UP-type LHA was observed in 53 cases (91.4 %), R-UP type in three cases (5.2 %), and combined type
in two cases (3.4 %). No cancer involvement of the LHA was seen in any cases with L-UP type. In one case with R-
UP type (one of three; 33.3 %) and one case with combined type (one of two, 50 %), cancer invasion to the LHA was
observed at the right side of the UP, requiring combined resection of the involved LHA.

Conclusions R-UP-type LHA running just along the left hepatic duct may be easily involved by right-side pre-
dominant PHC when extending to the left hepatic duct. Hepatobiliary surgeons should recognize this anatomical
variant and carefully evaluate the running courses of LHA to successfully perform RO resection in right-sided
hepatectomy for PHC.

at the hepatic hilus is not only helpful in surgical orienta-
tion, but also crucial to achieve curative resection in
patients with perihilar cholangiocarcinoma (PHC). With
recent technical advances in diagnostic imaging, multide-
tector-row computed tomography (MDCT) allows recog-
nition of the detailed branching pattern and running course
of the hepatic artery without performing angiography [3].
Furthermore, we can easily evaluate the 3D relationship of
the portal vein and hepatic artery with a workstation using
3D image analysis software [4]. The clinical significance of
the 3D relationship of the right posterior sectional duct or

Introdusction

Preoperative recognition of the branching pattern and
running course of the hepatic artery is essential for safe
hepatobiliary surgery [1, 2]. Furthermore, three-dimen-
sional (3D) anatomical evaluation of portal triad structures
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right posterior hepatic artery (RPHA) in relation to the
right portal vein (PV) has been reported for patients with
PHC undergoing left-sided hepatectomy {5-7].
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LHA
(A) L-UP type

LHA
(B) R-UP type

Fig. 1 Classification of the left hepatic artery according to the
positional relationship to the umbilical portion of the left portal vein.
Three-dimensional images of the structures based on dala from
MDCT, showing the three types of the LHA. a L-UP type: LHA runs
into the LLS from the left caudal side of the UP: b R-UP type: LHA

(C) Combined type

runs into the LLS from the right cranial side of the UP: ¢ combined
type: one branch of the LHA runs into the LLS from the right cranial
side of the UP, and the other from the left caudal side of the UP. LHA
left hepatic artery, LLS left lateral section, MDCT multidetector-row
computed tomography. UP umbilical portion of the left portal vein

Hepatic arteries running to the left hemiliver are the
laterosuperior segmental artery (A2), the lateroinferior
segmental artery (A3), and the left medial segmental artery
(A4). In this study, arteries feeding the left lateral segment
(LLS) (segments I and ITT) were defined as the left hepatic
artery (LHA). The LHA usually runs into the LLS from the
left caudal side of the umbilical portion (UP) of the left PV
(L-UP type), but occasionally runs into the LLS from the
right cranial side of the UP (R-UP type), which courses just
along the left hepatic duct.

In this study, we investigated the 3D positional rela-
tionships between the LHA and UP using MDCT and a
workstation for 3D imaging to clarify the influence of this
variation on clinicopathological outcomes in 58 consecu-
tive patients who underwent right-sided hepatectomy for
Bismuth-Corlette (B-C) Illa or IV tumors [8] at our
institution.

Patients and methods
Patients and surgical procedure

MDCT and clinicopathological data were retrospectively
reviewed in 58 consecutive patients who underwent right-
sided hepatectomy extending segment I with extrahepatic
bile duct resection for PHC at the Department of General
Surgery, Chiba University Hospital between January 2008
and July 2013. The 58 cases comprised 38 cases with B-C
type 1lla tumor and 20 cases with B-C type IV tumor with
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right-side predominance. Right hemihepatectomy (RH)
was applied for B-C type Ula tumors (n = 38), and also
for B-C type IV tumors (n = 15) when tumor extension to
the left medial segmental branch (B4) was limited to near
its confluence. In RH, the bile duct was divided just at the
right side of the UP after completing liver resection. The
B4 branch was divided first at the ventral side of the
umbilical fissure, then left hepatic duct at its dorsal side,
separately, resulting in two orifices of the B4 and left
hepatic duct. Meanwhile, right trisectionectomy (RT) was
indicated (1 = 5) when B-C type IV tumors extended
close to the umbilical fissure and/or extended to the
peripheral portion of the B4, However, when B-C type IV
tumor with right-side predominance extended beyond the
right side of the UP, the tumor was considered as
unresectable.

Classifications of LHA according to the positional
relationship to the UP

In this study, arteries feeding the LLS (segments 11 and III)
were defined as the LHA. LHA was then classified into the
following three types according to the positional relation-
ship to the UP: L-UP type, LHA runs into the LLS from the
left caudal side of the UP; R-UP type, LHA runs into the
LLS from the right cranial side of the UP, and combined
type, one branch of the LHA runs into the LLS from the
right cranial side of the UP, and the other from the left
caudal side of the UP (Fig. 1).
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Fig. 2 Operative photograph (a) and three-dimensional image (b) of
hilar structures based on data from MDCT in a case with the R-UP
type of left hepatic artery. The LHA (arrow) shows involvement by
the biliary wumor at the right side of the umbilical portion of the left

MDCT and workstation

All MDCT examinations were performed using a scanner
with 64 rows of detectors (Acquisition One or 64, Tos-
hiba Medical Systems, Tokyo, Japan). The slice thickness
was 5 mm, and table feed was 5 mm. After obtaining a
series of scans throughout the liver and biliary tree, each
patient was injected with 110-150 ml of nonionic contrast
material with an iodine content of 300 mg/ml at a rate of
3.5 ml/s with a power injector (Nemoto Kyorindo Co.,
Ltd., Tokyo, Japan). The bolus tracking method was used
to scan each patient. The trigger threshold level was set at
200 Hounsfield units at the level of the descending aorta.
The second, third, and fourth helical scans were then
performed during the early hepatic arterial, late hepatic
arterial, and equilibrium phases 5, 20, and 50 s after the
trigger, respectively. For 3D image analysis using soft-
ware (Synapse Vincent; Fuji Film, Co., Tokyo, Japan),
MDCT scan data were transferred to a workstation,
Structures of the liver, PV, and HA were extracted and
3D images of the structures were then constructed. These
images could be rotated horizontally or vertically for
evaluation of the positional relationships between the
LHA and UP.

Resulis

In all of the 58 cases with right-sided hepatectomy, L-UP-
type LHA was observed in 53 cases (91.4 %), and R-UP
type was seen in three cases (5.2 %), as shown in Table 1.
Combined type LHA was found in two cases (3.4 %); in
one case, A3 entered segment 111 from the right cranial side
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portal vein. A4 the left medial segmental artery, CBD common bile
duct, LHA left hepatic artery, MDCT multidetector-row computed
tomography, PV portal vein, RHA right hepatic artery, UF umbilical
portion of the left portal vein

of the UP, whercas A2 entered segment Il from the left
caudal side of the UP, while in the other case, only the
inferior branch of A3 showed an R-UP course. Among all
58 cases, the LHA was originated from left gastric artery
(replaced LHA) in four cases. Interestingly, the course to
the LLS in all four cases was L-UP type. It is also noted
that in all three cases with R-UP type, the A4 branch was
originated from the R-UP type LHA at the right side of the
UP.

Cancer involvement of the LHA was not found in any
cases with L-UP-type LHA (Table 1). However, in one
case with R-UP type LHA, the LHA was obviously
involved at the right side of the UP (Fig. 2), but the con-
fluence of the left lateral superior segmental duct (B2) and
left lateral inferior scgmental duct (B3) had not been
invaded by tumor. Combined LHA resection was therefore
performed for RO resection during RH with PV resection
and reconstruction, but LHA reconstruction could not be
performed due to the technical difficulty. As a result, only
the A4 branch was preserved. The intrahepatic duct was
divided at the right side of the UP, resulting in two orifices
of the B4 and left hepatic duct (B2 + B3) on the resected
surface of the liver. The two bilioenteric anastomoses were
then performed. Histopathological findings showed nega-
tive margins at both stumps of the B4 and the left hepatic
(B2 + B3) ducts. Resected LHA showed histological
invasion to the adventitia of this artery. Although RO
resection could be achieved in this case, bilioenteric
anastomotic leakage occurred early after surgery, and
sepsis resulting from an intra-abdominal abscess subse-
quently developed. After percutaneous abscess drainage,
the patient recovered and was discharged from the hospital
39 days after surgery. In addition, in one patient with
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Table 1 Relation between running course of left hepatic artery and
cancer involvement of the LHA in 58 cases of right-sided hepatec-
tomy for perihilar cholangiocarcinoma

L-UP type R-UP type Combined type

Total (n = 38) 53(91.8) 3(52) 2 (3.4)
Operative procedures

Right hemihepatectomy 48 3 2

Right trisectionectomy 5
Cancer involvement of LHA

(+) 0 1(33.3) I (50)

=) 53 2 1

Data are presented as n (%)

LHA left hepatic artery, L-UP left hepatic artery runs into the left
lateral section from the left caudal side of the umbilical portion of the
left portal vein, R-UP LHA runs into the left lateral section from the
right cranial side of the umbilical portion of the left portal vein

combined-type LHA, cancer involvement of the A3 branch
with an R-UP course was found intraoperatively, and this
variant artery was sacrificed to achieve RO resection during
RH. The intrahepatic duct was divided at the right side of
the UP, resulting in two orifices of the B4 and left hepatic
duct. In this case, no preoperative diagnosis of combined-
type LHA was made. Fortunately, the postoperative course
was largely uneventful with the exception of minor bilio-
enteric anastomotic leakage. According to the histopa-
thological findings, both stumps of the B4 and the left
hepatic duct were positive with cancer in situ, showing R1
resection.

Pscussion

In surgical resection for PHC, hemihepatectomy extending
to segment I with extrahepatic bile duct resection has been
recognized as a standard surgical procedure {9, 10]. More
aggressive surgical approaches, such as left trisectionec-
tomy or RT combined with PV and/or HA resection and
reconstruction have also often been performed in special-
ized centers [11-15]. At the same time, recent technical
advances in diagnostic imaging, particularly MDCT and
the use of workstations for 3D imaging, allow detailed
evaluation not only of tumor extension into the bile duct,
but also of the 3D relationships between bile duct, HA, and
PV at the hepatic hilus in patients with PHC [16). Previ-
ously, the clinical significance of the running course of the
RPHA in relation to the right PV has been reported in cases
of Ieft-sided hepatectomy for PHC [6, 17]. Yoshioka et al.
[6] clearly demonstrated that the supraportal variant of
RPHA was not unusual, with an incidence of 204 %.
Furthermore, careful dissection of the supraportal RPHA
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from the right hepatic duct is required to avoid injuring this
variant artery during left-sided hepatectomies, particularly
left trisectionectomy, because the artery runs just beneath
the right hepatic duct.

Previous studies [16, 18, 19] have shown detailed ana-
tomical variations of the left hepatic artery for hepatobil-
iary and transplant surgeries. The present study
investigated the 3D positional relationship between the
LHA and UP in 58 patients with PHC who underwent
right-sided hepatectomy. We classified the LHA into three
types (L-UP type, R-UP type, and combined type)
according to its running course, and clearly demonstrated
that L-UP-type LHA represented the normal running
course of this artery, while other types, including R-UP and
combined types, were anatomical variants with a total
incidence of 8.7 %. Furthermore, cancer invasion to the
variant LHA running into the LLS from the right cranial
side of the UP was found in two of five cases (40 %).
Conversely, cancer invasion to the L-UP-type LHA
(n = 53) was not found in any cases. Overall, in the total of
58 cases, LHA involvement in patients with B-C type Illa
or IV tumors was extremely rare (2 of 58 patients, 3.4 %),
but our findings strongly suggest that the running course of
the LHA may influence surgical curability by itself in right-
sided hepatectomy for PHC. That is, as R-UP-type LHA
runs just along the left hepatic duct, this variant artery may
be easily involved by right-side predominant PHC when
extending to the left hepatic duct, Boudjema et al. [20]
recently reported that when the confluence of B2 and B3
ducts was free of tumor, the LHA was never involved by
the tumor and the tumor was always eventually resectable.
Their conclusion is correct when the running course of
LHA is the normal L-UP type, but R-UP-type variants of
LHA carry a possibility of tumor involvement, albeit
extremely rare.

In our series, combined resection of involved variant
LHA was performed in two cases to achieve RO resection
during RH. However, from a technical perspective,
reconstruction of the resected LHA variant at this periph-
eral level was much more difficult than that of the RHA.
Generally, interruption of arterial flow to the remnant liver
can cause serious postoperative complications related to
biliary ischemia, including disruption of the bilioenteric
anastomosis and liver abscess [21]. Occurrence of these
complications after major hepatectomy may lead to a high
risk of postoperative mortality [22, 23]. The LHA flow
must therefore be maintained in cases with right-sided
hepatectomy, particularly RT without exception. Further-
more, the R-UP variant might be mistaken for A4 at the
right side of the UP and divided when performing RT
because its running course looks like the A4. In addition,
R-UP-type LHA enters the LLS just between the stump of
the bile duct and UP. Greatest care is required during
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bilioenteric anastomosis, as well as dissection of this var-
iant artery from the left hepatic duct.

Conclusion

Although the R-UP variant of LHA was uncommon, with an
incidence of 8.7 %, hepatobiliary surgeons should recog-
nize this anatomical variant, and carefully evaluate the
running course of the LHA in relation to the UP to suc-
cessfully perform RO resection and also to avoid postoper-
ative complications when planning right-sided hepatectomy
for PHC.
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