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Living Donor Liver Transplantation Followed
by Total Gastrectomy — A Two-stage Planed Operative
Strategy for Early Gastric Cancer Concomitant
with Decompensated Liver Cirrhosis

SHO NISHIMURA, HIROSHI SAEKI, TORU IKEGAMI, KOJI ANDO, YO-ICHI YAMASHITA, EIII OKI,
TOMOHARU YOSHIZUMI, MASARU MORITA, KEN SHIRABE and YOSHIHIKO MAEHARA

Department of Surgery and Science, Graduate School of Medical Sciences,”
Kyushu University, Higashi-ku, Fukuoka, Japan

Abstract. Aim: With the recent popularization of living

donor liver transplantation (LDLT), providing treatment for
comorbidities in LDLT recipients has become important. We
report the first case of a patient who was successfully treated
with LDLT followed by total gastrectomy for early gastric
cancer concomitant with decompensated liver cirrhosis. Case
Report: A 64-year-old female was admitted for the treatment
of severe liver cirrhosis. The patient’s preoperative liver
function was evaluated as Child-Pugh classification grade
C. Upper gastrointestinal endoscopy revealed early gastric
cancer. We first performed LDLT to improve her liver
Junction and coagulopathy. Nineteen days after the LDLT, we
performed total gastrectonty, Results: The patient's
postoperative course was uneventful and she left our hospital
on the 18th day after gastrectomy. The final pathological
diagnosis of gastric cancer was Stage [A. Conclusion:
Aggressive and adequate surgical strategy including LDLT
is effective as curative treatment in patients with controllable
malignancy concomitant with severe liver dysfunction.

Surgical treatment for malignancy after liver transplantation
is an important topic as an increase in the incidence of
cancer in immunocompromised patients has been suggested
(1). Concerning gastric cancer after liver transplantation,
some case reports have demonstrated the successful use of
gastrectomy to treat newly-developed gastric cancer after
liver transplantation (2-4).
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On the other hand, the indications for living donor liver
transplantation (LDLT) in patients carrying synchronous
malignant disease have not been definitively documented.
However, it is considered that conducting a strict
preoperative evaluation and appropriately selecting patients
and treatment strategies can make it possible to provide safe
and curative treatment for such patients.

We herein report the case of a patient who was
successfully treated with LDLT followed by total
gastrectomy for early gastric cancer concomitant with
decompensated liver cirrhosis. This is the first case report to
show a successfully staged operative strategy including
LDLT for decompensated liver cirrhosis with curative
surgery for synchronous malignancy.

Case Report

A 64-year-old Japanese female was admitted to the Kyushu
University Hospital for the purpose of LDLT to treat
decompensated cirrhosis due to primary biliary cirrhosis.
Hepatic encephalopathy was developing in her. The patient’s
hematological laboratory data on admission after medical
treatment were as follows: white blood cell count, 2,240/ul
(normal range: 3,500-9,000); hemoglobin, 10.9 g/dl (normal
range: 12.0-16.0); platelet count, 5.4x10%ul (normal range:
14.0-44.0); total bilirubin, 2.6 mg/dl (normal range: 0.3-
1.2); albumin, 3.2 g/dl (normal range: 4.0-5.0); prothrombin
time (%), 56% (normal range: 70-130); carcinoembryonic
antigen (CEA), 1.8 ng/ml (normal range: 0-5.0);
carbohydrate antigen(CA)19-9, 46.7 U/l (normal range: 0-
37). Computed tomography (CT) showed marked liver
cirrhosis, splenomegaly and a splenorenal shunt (Figure 1).
The preoperative liver function was evaluated as Child-Pugh
classification grade C, with a Child-Pugh score of 10 points
and an MELD{(Model for End Stage Liver Disease) score of
14 points.
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Figure 1. Preoperative abdominal CT. Findings of severe liver cirrhosis, splenomegaly, a splenorenal shunt (white arrows) and intragastric clips (encircled).

Upper gastrointestinal endoscopy for preoperative
inspection revealed 0-Ilc type (5) early gastric cancer in the
lower gastric corpus (Figure 2a). Histopathology demonstrated
signet ring cell carcinoma with poorly-differentiated
carcinoma. During a biopsy, bleeding from the gastric lesion
due to a bleeding tendency and portal hypertension was noted
and it was necessary to attach clips in order to achieve
complete hemostasis (Figure 2b). CT revealed no lymph node
or distant metastasis. The preoperative diagnosis was gastric
cancer: Clinical T1b NO MO Stage JA.

We decided to first perform LDLT, splenectomy and
splenorenal shunt ligation in order to improve the patient’s
liver function and coagulopathy. For the second operation,
we planned to perform total gastrectomy because de-
vascularization of short gastric vessels accompanied by
splenectomy was required in the first operation.

During the first operation, we performed LDLT using a
right lobe graft obtained from the patient’s daughter,
splenectomy and splenorenal shunt ligation. The amount of
bleeding was 3,924 g and the length of operation was 17 h
and 46 min. The patient’s postoperative course was

4308

uneventful and her capacity for blood coagulation
subsequently returned to normal levels. After the LDLT
procedure, immunosuppression with steroids, tacrolimus and
mycophenolate mofetil was administered. The hematological
laboratory data 18 days post LDLT were as follows: white
blood cell count, 7,840/ul; hemoglobin, 10.5 g/dl; platelet
count, 33.1x10%ul; total bilirubin,1.6 mg/dl; PT(%), 96%.
Total gastrectomy was performed 19 days after LDLT.
Since there was adhesion, especially between the liver graft
and lesser curvature side of the stomach, we dissected the
lesser omentum along the lesser curvature so as not to damage
the reconstructed vessels. Reconstruction was performed
according to the antecolic Roux-en-Y (6). The amount of
bleeding was 286 g and the length of operation was 3 h and 33
min. No blood transfusions were performed. Treatment with
tacrolimus was restarted on the first postoperative day through
a nasal feeding tube for perioperative immunosuppression.
There were no postoperative complications after total
gastrectomy. The patient resumed oral intake on the seventh
postoperative day and was discharged from the hospital on
the 18th day after total gastrectomy (the 32nd day post
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Figure 2. Preoperative gastroscopy. (a): 0-lic type early gastric cancer in the lower gastric corpus, (b): Clips attached for hemostasis after the

biopsy examination.

LDLT). The final pathological diagnosis of gastric cancer
was poorly-differentiated adenocarcinoma with signet ring
cell and pTib (SM1) NO MO Stage IA. To date, we are
continuing follow-up her in the outpatient department
without recurrence for one year after the operation.

Discussion

Since the surgical results of LDLT have improved, the
number of long-term survivors after LDLT has increased (7).
Accompanying this background, the development of
malignancy after LDLT has become a serious problem. The
overall incidence of malignancy in transplant recipients has
been estimated to be as high as 20% in the 10-year period
after transplantation (8).

Synchronous malignancy is also a disputable point in
patients indicated for liver transplantation. Liver
transplantation is generally a contraindication in recipients
with uncontrollable extrahepatic malignancy (9). However,
liver transplantation should be carefully considered in cases
involving controllable malignancy, such as early gastric
cancer. To the best of our knowledge, this is the first report
to demonstrate the use of LDLT followed by total
gastrectomy as a two-stage operative strategy for early gastric
cancer concomitant with decompensated liver cirrhosis.

In the current case, the patient had a potentially resectable
early gastric cancer and a favorable long-term outcome was
thus expected for curative surgery. On the other hand, the
liver damage was too severe to be controlled with
conservative therapy alone. LDLT was thought to be the only
treatment capable of managing the patient’s liver

dysfunction. One-staged LDLT with total gastrectomy was
considered as a possible treatment. However, this strategy
appeared to be more risky with respect to development of
intraoperative and postoperative complications, such as
severe bleeding due to coagulopathy and delays in wound
healing. Additionally, the patient’s liver dysfunction, not
early gastric cancer, was life-threatening at the time of her
initial presentation. Therefore, we planned to first perform
LDLT in order to improve her liver function and
coagulopathy, followed by total gastrectomy as the second-
stage operation. Total gastrectomy was required in this case
because simultaneous splenectomy was performed as a
formulaic procedure in LDLT in order to decrease the portal
vein pressure and improve the patient’s pancytopenia (10).
The appropriate interval between LDLT and total
gastrectomy in this two-staged operation is debatable. We
thought that the second operation should be performed as
soon as the patient’s liver function recovered and before
severe fibrous adhesion occurred. The second operation was
performed 19 days after the LDLT and, as a result, the two-
staged operation was safely and successfully completed.
The indications for LDLT in patients with malignancy
should be carefully determined because healthy donors must
undergo surgery. At this time, there are no guidelines clearly
describing the indications for LDLT in this patient
population. We consider that it is reasonable to perform
LDLT and surgery for malignancy when the long-term
results of surgical treatment for concomitant malignancy are
estimated to be better than those of LDLT. The 1-, 5- and 10-
year patient survival rates of LDLT in our institute are
85.6%, 77.9% and 69.5%, respectively (7). These survival
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rates constitute now our standard for determining the
indication for surgery. However, this issue should be
carefully investigated by accumulating large numbers of
cases, as the results of surgery for malignancy among
patients in an immunosuppressive state are debatable.

In conclusion, we herein reported the case of a patient
who received LDLT followed by total gastrectomy for early
gastric cancer concomitant with decompensated liver
cirrhosis. Conducting careful preoperative screening for sub-
clinical malignancy is important among candidates for
LDLT. Furthermore, aggressive and adequate surgical
treatment including LDLT is a feasible curative strategy in
patients with controllable malignancy concomitant with
severe liver damage.
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Abstract
We herein present the case of a 77-year-old man who had fever and right hypochondriac
pain. He visited his doctor and underwent contrast computed tomography (CT), and he was
suspected to have a liver abscess. He received an antibiotic treatment and his symptoms
soon disappeared, but the tumor did not get smaller and its density on contrast CT image
got stronger. He underwent biopsy and moderately differentiated hepatocellular carcinoma
(HCC) was found. Extended left hepatic and caudate lobectomy was performed. Histological
examination showed moderately differentiated HCC with narrowing and occlusion both in
the arteries and portal veins associated with mild chronic inflammation. The mechanisms of
spontaneous regression of HCC, such as immunological reactions and tumor hypoxia, have
been proposed. In our case, histological examination showed the same findings. However,
the mechanism is complex, and therefore further investigations are essential to elucidate it.
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Introduction

Spontaneous necrosis or regression of malignant tumors has been reported mainly in
neuroblastoma, renal cell carcinoma, malignant melanoma, malignant lymphoma and
leukemia [1]. It is a rare event occurring with a rate of 1 in 60,000-100,000 tumors [Z] and
has also been reported in hepatocellular carcinoma (HCC). In 1972, spontaneous regression
of HCC was first described in a 3-year-old girl who had developed biopsy-proven HCC while
on chronic androgen-anabolic steroid treatment for aplastic anemia [3]. Since this initial
report, several mechanisms have been suggested to explain the etiology of spontaneous
regression of HCC, including the administration of herbal remedies |4, 5] or the withdrawal
of a possible causative agent such as alcohol [4], tobacco {5} or exogenous androgens |3, 7].
In spite of various opinions, its mechanism is unclear and there have been few reports with
evidence based on a scientific basis, such as radiological findings and histological examina-
tions.

Here we report a case of spontaneous massive necrosis of HCC with various histological
examinations of narrowing and occlusion in the arteries and portal veins, and review the
literature with special reference to its pathological findings.

Case Report

A 77-year-old man, who had alcoholic liver damage, had a fever and right hypochondriac
pain. He underwent ultrasonography and contrast computed tomography (CT). Ultrasonog-
raphy showed a heterogeneous liver mass in the caudate lobe of the liver with a diameter of
approximately 3 cm that had a hyper- and a hypoechoic area. Contrast CT showed the tumor
to have a ring enhancement area and a high- to low-density round area (fig. 1a~c). These
imaging studies indicated a liver abscess, and the patient received an antibiotic treatment,
whereupon his symptoms soon improved. One month later, he underwent contrast CT again;
the tumor had not shrunk, and moreover its density had become stronger. Therefore, he was
suspected to have a liver tumor such as metastatic liver tumor. His gastrointestinal tract was
checked by esophagogastroduodenoscopy and colonoscopy, but his doctor could not reveal
the primary site. Moreover, his doctor performed positron emission tomography-CT (PET-
CT) and magnetic resonance imaging (MRI). PET-CT showed no increased fluorodeoxyglu-
cose uptake. The T1-weighted image showed a high-intensity round area in a low-intensity
area, the T2-weighted image showed a high-intensity round area in a low-intensity area, and
gadoxetic acid-enhanced MRI showed a slightly contrasted low-intensity area in the same
segment (fig. 1d-f}. Finally, his doctor performed a biopsy of the tumor. Cellular and struc-
tural atypia, enlarged hyperchromatic nuclei and two or three layers of trabecular pattern,
which indicated moderately differentiated HCC, were found in the specimen (fig. 2).

Consequently, the patient was sent to us for surgical treatment. His blood test data
before surgical treatment were as follows: white blood cell count 3,470/ul (normal 3,500-
9,000/ul), red blood cell count 380 x 104/ul (normal 450-550 x 104/ul), serum hemoglobin
concentration 13.1 g/dl (normal 14-18 g/dl), serum platelet count 15 x 104/pl (normal 14-
44 x 104/ul), serum aspartate aminotransferase 39 IU/I (normal 13-33 IU/1), serum alanine
aminotransferase 24 1U/1 (normal 6-30 IU/1}, serum alkaline phosphatase 199 1U/1 (normal
115-359 IU/1), serum gamma glutamic transpeptidase 304 IU/1 (normal 10-47 1U/1), total
serum bilirubin 0.9 mg/dl (normal 0.3-1.2 mg/dl), serum albumin 3.7 g/dl (normal 4.0-
5.0 g/dl), and serum C-reactive protein 0.03 mg/dl (normal <0.1 mg/dl). The serum
concentration of proteins induced by vitamin K antagonism or absence (PIVKA-II) was
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19 mAU/ml (normal <40 mAU/ml), and that of alpha-fetoprotein was 5.6 ng/ml (normal
<6.2 ng/ml), carcinoembryonic antigen was 8.6 ng/ml (normal <3.2 ng/ml), and carbohy-
drate antigen 19-9 was 27.5 U/ml {(normal <37.0 U/ml). The indocyanine green clearance
rate at 15 min was 9.5% (normal <10%). Hepatis B surface antigen and hepatitis C virus
antibody were negative. The Child-Pugh classification of his liver belonged to category A.

Extended left hepatic and caudate lobectomy was performed 18 days after the biopsy.
The tumor consisted of viable and necrosis areas with well-demarcated nodular lesions in
the caudate lobe (S1). The viable tumor size was 11 mm in diameter (fig. 3a). Histological
examination showed a trabecular and pseudo-glandular structure with enlarged nuclei and
hyperchromatins, which indicated moderately differentiated HCC in the viable area (fig. 3b).
The necrosis area consisted of sclerotic fibrous stroma and liquefaction, and hyalinized
degeneration with hemosiderin-laden macrophages, plasmacytes and fibroblasts was found
(fig. 3¢, d). Vessel occlusion with organization (fig. 3e), stenotic arteries with wall thickness
(fig. 3f) and mild chronic inflammation in fibrously enlarged portal areas were found in the
necrotic area. The non-cancerous area of his liver showed mild chronic inflammatory
infiltrate in the bridging fibrosis. Mallory-Denk bodies and ballooning were seen in the non-
cancerous area.

The patient’s postoperative course was uneventful. He is presently doing well and has
no sign of any recurrent tumor 7 months after the operation.

Discussion

Spontaneous regression among patients with HCC was reported to happen in 0.4% [8].
Up to date, many spontaneous regressions of HCC have been described and various mech-
anisms have been proposed.

First, it has been proposed that immunological reactions may bring about the tumor
regression [2]. For example, biopsy [2] and fever {10] might trigger immunological reactions
and bring about tumor regression. Several reports documented the presence of elevated
cytokine levels, suggesting a systemic inflammatory response. Abiru et al. {11} noted ele-
vated IL-18 in three patients with regression of HCC. IL-18 has been shown to induce in-
terferon gamma production by T cells and natural killer cells, thus potentially producing
enhanced cytotoxic activity targeted at cancer cells. Jozuka et al. [12] proposed a similar
mechanism after detecting elevated levels of natural killer cell activity, IL-2, IL-6, IL-12 and
interferon gamma throughout the course of the patient’s spontaneous regression.

Second, the current analysis revealed multiple patients in whom regression appeared to
be associated with tumor hypoxia [%]. Several occurrences were related to occlusion of
either the hepatic artery or the portal vein, which probably led to a direct ischemic insult.
Other patients experienced profound systemic hypoperfusion, such as sustained hypoten-
sion associated with a massive variceal bleed. Tumor hypoxia as a mechanism is intuitively
appealing in that it mirrors established treatment modalities for HCC. For example, both
hepatic artery embolization and the agent sorafenib can be considered to rely upon the in-
duction of tumor hypoxia for their effect [13].

Most cases of spontaneous regression of HCC were diagnosed by radiological findings.
On the other hand, histological examination was performed only in 24 cases (summarized in
table 1). Almost all reports only mentioned the tissue type of HCC, and few reports men-
tioned detailed histological examination. For example, 11 reports showed the findings of
inflammatory cell infiltration, 3 reports arterial thrombosis, 2 reports portal vein thrombosis
and 1 report hepatic venous thrombosis.
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In our case, the patient had a fever and biopsy. Histological examination showed various
findings of inflammatory cell infiltration in the specimen, narrowing and occlusion in the
arteries and portal veins, and liquefaction and hyalinized degeneration of the tumor. This
seems to be the first report of spontaneous necrosis of HCC having all of these various
histological findings together. It was suggested that fever and biopsy were the triggers of the
necrosis, and these suspected triggers would bring about the narrowing and occlusion in the
arteries and portal veins. Inflammatory cell infiltration was also found, but it was not so
dominant. Therefore, we suspected that inflammatory cell infiltration was not the cause, but
the result of the degeneration of this case.

On the other hand, it is possible to think that the fever and right hypochondriac pain
were not the cause, but the result of the spontaneous necrosis of HCC. Thickening of the
vessel wall intima caused tumor hypoxia, which in turn caused the degeneration of HCC, and
the patient felt a fever and right hypochondriac pain at that moment. Considering that
thickening of the vessel wall intima and portal vein thrombosis were confined to the tumor
area, cytokines produced in the tumor cells may relate to thickening of the vessel wall intima
and thrombus formation. For example, tumor growth factor beta accelerates thickening of
the vessel wall intima [14] and promotes production of plasminogen activator inhibitor-1,
which leads to thrombus formation {15, 16].

According to previous reports, including ours, it is sure that the mechanism of the spon-
taneous regression of HCC, just as that of other tumor regression, is complex. Therefore
further findings, particularly concerning the progress of the immunological status during
tumor regression and detailed histological examinations, will be essential to elucidate the
mechanism of spontaneous regression of HCC.
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Table 1. Previous reports of spontaneous regression of HCC with histological examination

First author Year Age Sex Staining method Histological finding Proposed mechanism
Andreola [17] 1987 75 M HE, PAS, Masson’s complete necrosis, venous thrombosis venous thrombosis
trichrome, Weigert,
immunostaining
Mochizuki [18] 1991 61 M  unknown partial necrosis radiation for another cancer
Imaoka [19] 1994 65 M HE partial necrosis, arterial thrombosis arterial thrombosis
Ozeki [20] 1996 69 F unknown complete necrosis herbal medicine
Markovic [21] 1996 62 M unknown complete necrosis biological effects by cytokines
Stoelben [10] 1998 56 M  HE partial necrosis biological effects triggered by
infection
Stoelben [10] 1998 74 M HE partial necrosis biological effects triggered by
infection
Izuishi [22] 2000 50 M  HE, reticulin silver complete necrosis ischemia or immune response
Uenishi [23] 2000 65 M HE partial coagulative necrosis surrounded  portal vein thrombosis
by inflammatory cells, portal vein
thrombosis
Matsuo [24] 2001 72 M HE, reticulin silver complete necrosis, severe inflammatory ~ tumor hypoxia or immune
cell infiltration response
Morimoto [25] 2002 73 M  unknown complete necrosis, arterial thrombosis arterial thrombosis
liai [26] 2003 69 M HE complete necrosis portal vein tumor thrombosis,
discontinuation of smoking
Li[27] 2003 53 M unknown complete necrosis, growth of the biological effects by cytokines
connective tissue with lymphocyte
Blondon [28] 2004 64 M unknown partial necrosis immune response, intraperitoneal
spread of tumor
Blondon [28] 2004 70 F unknown partial necrosis immune response, intraperitoneal
spread of tumor, tamoxifen
Ohta [29] 2005 74 M HE, reticulin silver complete coagulative necrosis, immune response, tumor hypoxia
inflammatory cell infiltration, arterial (arterial sclerosis)
thickening and thrombosis
Ohtani [30] 2005 69 M HE complete necrosis, inflammatory cell tumor hypoxia (a thick capsule)
infiltration
Yano [31] 2005 71 F HE, Weigert partial coagulative necrosis, fumor hypoxia
inflammatory cell infiltration
Meza-Junco [32] 2007 56 F HE complete necrosis tumor hypoxia (a thick capsule)
Arakawa [33] 2008 78 F HE complete necrosis, inflammatory cell portal vein tumor thrombosis,
infiltration immune response
Park [34] 2009 57 M  HE, streptavidin- partial necrosis, severe inflammatory cell infiltrating lymphocyte
biotin complex infiltration
Hsu [35] 2009 66 M  HE partial coagulative necrosis, tumor tumor hypoxia, immune response,
thrombosis of the right posterior branch  silymarin
of the portal vein
Storey [36] 2011 52 M HE complete necrosis, inflammatory cell abstinence from alcohol
infiltration
Sasaki [37] 2013 79 M HE, immunological partial necrosis unclear
staining using a
monoclonal antibody
against CD68
This report 2014 77 M HE partial necrosis, inflammatory cell tumor hypoxia, fever, biopsy

infiltration, narrowing and occlusion in
the arteries and portal veins

HE = Hematoxylin and eosin staining; PAS = periodic acid-Schiff stain.
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¥ig. 1. a—c CT findings. Contrast CT showed the tumor to have a ring enhancement area in the caudate lobe
of the liver and a high- to low-density round area was shown in the internal part of the tumor. Arrows
indicate the tumor. d—f MRI findings. The T1-weighted image showed a high-intensity round area in a low-
intensity round area, the T2-weighted image showed a high-intensity round area in a low-intensity round
area, and gadoxetic acid-enhanced MRI (EOB) showed a slightly contrasted low-intensity area in the
caudate lobe of the liver. Arrows indicate the tumor.

Fig. 2. Biopsy finding. Cellular and structural atypia, enlarged hyperchromatic nuclei and two or three
layers of trabecular pattern, which indicated moderately differentiated HCC, were found in the specimen.
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Fig. 3. Macroscopic and pathological finding of the resected specimen. a The tumor consisted of viable and
necrosis areas with well-demarcated nodular lesions at the caudate lobe (S1). The viable tumor size was
11 mm in diameter. b Histological examination showed a trabecular and pseudo-glandular structure with
enlarged nuclei and hyperchromatins, which indicated moderately differentiated HCC in the viable area.
¢, d The necrosis area consisted of sclerotic fibrous stroma and liquefaction (arrows), and hyalinized
degeneration (arrow) with hemosiderin-laden macrophages, plasmacytes and fibroblasts was found.
e, f Vessel occlusion with organization (e), stenotic arteries with wall thickness (f) and mild chronic in-
flammation in fibrously enlarged portal areas were found in the necrotic area.
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rs8099917 and Viral Genotyping as Indications for Living Donor Liver
Transplantation for Hepatitis C: A Case Report

Y. Yoshida, T. lkegami*, T. Yoshizumi, T. Toshima, Y.-I. Yamashita, S. Yoshiya, K. Shirabe,

and Y. Maehara

Department of Surgery and Science, Graduate School of Medical Science, Kyushu University, Fukuoka, Japan

ABSTRACT

Introduction. Appropriate antiviral treatment is essential for living donor liver trans-
plantation (LDLT) to be effective for treating hepatitis C. However, it has never been
reported that pre-LDLT genetic analyses of both host and virus, with prediction of the
outcome of post-LDLT antiviral treatment, indicated LDLT for a borderline case.

Case Report. We have reported the case of a 68-year-old woman with liver cirrhosis
caused by genotype 1b hepatitis C, a history of ruptured esophageal varices, and
adequately controlled minor ascites. Her liver function was classified as Child-Pugh grade
B. The donor was a 42-year-old woman with an estimated left lobe graft volume (GV) of
33.8% based on the standard liver volume of the recipient. Molecular analyses used to
confirm the indication of LDLT for this combination revealed the following: The
rs8099917 genotype was T/T in the donor and recipient, the HCV core protein was
double wild type, there were no mutations in the interferon sensitivity-determining region,
and 8 mutations were found in the interferon/ribavirin resistance-determining region.
LDLT was performed because very high sensitivity to interferon treatment was predicted.

Discussion. Six months after LDLT and uneventful post-LDLT courses, pegylated

interferon-o2a and ribavirin were administered under

immunosuppression with

cyclosporine and mycophenolate mofetil. This regimen was continued for 48 weeks,
resulting in a viral response at 10 weeks and a sustained viral response, as predicted.

Conclusions. We have reported the usefulness of molecular analyses of host and viral
factors for indicating LDLT to treat hepatitis C in a borderline case.

LTHOUGH HEPATITIS C VIRUS (HCV) is a major
indication for liver transplantation (OLT), HCV
reinfection in a newly transplanted graft is a widespread,
unaddressed, and serious event [1]. Interferon (IFN) treat-
ment, including pegylated IFN (Peg-IFN) and ribavirin
(RBV), is the only treatment option for recurrent HCV
after OLT [2]. However, it was reported that the rates of
viral response and sustained viral response (SVR) after such
treatments are as low as 50%-60% and 30%-40%,
respectively, after OLT, and these treatments are associated
with a variety of adverse events [1~5]. Serious disease pro-
gression with advanced graft fibrosis may also occur within a
few years in patients with no viral response [1-5].
It was recently demonstrated that interleukin-28B geno-
types, including rs8099917, are significantly associated with
IFN sensitivity in treating hepatitis C [6]. We previously

0041-1345/14/%$-see front matter
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reported that the rs8099917 genotype T/T in donors and
recipients is the most significant determinant of SVR after
Peg-IFN and RBYV treatment for recurrent HCV after living
donor OLT (LDLT) |7]. Therefore, the rs8099917 genotype
in the host and recipient could serve as an indication for
LDLT in borderline patients.

In this report, we have described an elderly patient with
nearly decompensated cirrhosis caused by genotype 1b
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HCV with preserved performance status. After assessing
158099917 genotype and HCV mutation status, we per-
formed LDLT followed by Peg-IFN and RBV treatment,
which achieved SVR, as predicted.

CASE REPORT

A 68-year-old woman with a history of liver cirrhosis caused by
HCYV was referred to our hospital for possible LDLT. At 67 years
old, she experienced ruptured esophageal varices treated by endo-
scopic varices ligation. She had a history of minor ascites that was
well-controlled with once-daily oral furosemide (20 mg). She had
experienced several episodes of hepatic encephalopathy that were
controlled by oral laxatives. Laboratory data included: White blood
cell count, 2090/uL; hemoglobin, 9.1 g/dL; platelet count, 6.9 x 104/
pL; total bilirubin, 1.1 mg/dL; total protein, 7.9 mg/dL; albumin,
3.3 g/dL; creatinine, 0.52 mg/dL; sodium, 140 mEq/L; ammonia,
49 pg/dL; and percent prothrombin time, 68%. The patient was
classified as Child-Pugh grade B with 9 points, and her Model for
End-stage Liver Disease score was 10. She was negative for hepatitis
B surface antibody but was positive for HCV antibody. Her HCV-
RNA titer was 6.1 logl0 IU/mL and her HCV genotype was 1b.
Tumor markers included: o-Fetoprotein, 34.3 ng/mL: and des-y-
carboxyprothrombin, 21 mAU/mL. The serum HCV-RNA titer was
determined by a real-time HCV assay (AccuGene HCV; Abbott
Molecular Inc., Des Plaines, IL).

Although abdominal plain computed tomography (CT)
revealed several small high-intensity nodules in segment VIII of
the cirrhotic liver (¥ig 1A), contrast enhancement showed no
definite hepatocellular carcinomas. CT also revealed splenomeg-
aly, dilated cardioesophageal varices, and small ascites in the
pelvis (¥ig IB). Upper endoscopy showed some high-risk esoph-
ageal varices.

The donor was a healthy 42-year-old woman who was a daughter
of the patient. CT volumetry showed that the predicted graft vol-
ume (GV) of her left lobe was 353 mL, corresponding with 33.8% of

2427

the standard liver volume (SLV) of the recipient. Her left lobe had
2 hepatic arteries and no anatomic abnormalities were found.

Based on the characteristics of the host and donor, the risk of
LDLT in this combination seemed to be low, except that the like-
lihood of post-LDLT recurrent HCV was unknown. Therefore, we
determined the rs8099917 genotype in the donor and recipient, and
mutations in HCV core proteins. The molecular methods used to
determine the rs8099917 genotype and 70/91 mutations in the HCV
core protein, including the IFN sensitivity-determining region and
the IFN-RBV resistance-determining region, are described else-
where |7]. Molecular analyses showed that the rs8099917 genotype
was T/T in the host and recipient (¥ig 2A, B), the HCV core protein
was wild type for 70R (g 2C) and 91L (Fig 2D), and there were no
mutations in the IFN sensitivity-determining region (¥Fig ZE);
however, there were 8 mutations were found in the IFN/RBV
resistance-determining region (¥ig 2F). These findings suggested
that Peg-IFN and RBV treatment would be successful for recurrent
HCYV after LDLT, and we decided to perform LDLT.

The donor and the recipient operative procedures are described
in more detail elsewhere [8,9]. Laparotomy revealed a cirrhotic
liver, an enlarged spleen, and minor ascites (Fig 1C). The recipient’s
liver was removed and the donated left lobe graft was implanted
(¥ig 1D). The actual GV was 307 g, corresponding with 29.4% of
the recipient’s SLV. Splenectomy was also performed to enable IFN
therapy after LDLT [14]. The total operating time was 626 minutes
and total blood loss, including ascites, was 3000 mL. Immunosup-
pression consisted of cyclosporine with mycophenolate mofetil and
steroids, as previously described [4]. The post-LDLT course was
uneventful and she was discharged from hospital 14 days after
surgery.

Peg-IFN with RBV treatment was started, as planned, 6 months
after LDLT. At that time, her aspartate aminotransferase and
alanine aminotransferase activities were 158 and 113 IU/L,
respectively, and her HCV-RNA titer was 6.1 log10 IU/mL. Liver
biopsy showed recurrent chronic hepatitis C, which required Peg-
IFN and RBV. Peg-IFN-¢2a (180 pg; Pegasys; Chugai Pharma-
ceutical Co., Ltd., Chuo-ku, Tokyo, Japan) was administered weekly

Fig 1. (A) Plain computed tomography
(CT) revealed several small, high-intensity
nodules in Segment 8 of the cirrhotic liver.
(B) Contrast-enhanced CT revealed spleno-
megaly but no definitive hepatocellular
carcinomas. Native (C) and transplanted
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Fig 2. (A) Genotyping studies showed that the rs8099917 genotype was T/T in the donor and recipient. (B) Molecular analyses showed
that the recipient had wild-type hepatitis C core proteins, including 70R and 91L, had no mutations in the interferon sensitivity-
determining region (C), and had 8 mutations in the interferon/ribavirin resistance-determining region (D). The sites of mutations are

indicated by black arrows.

and RBV (400 and 200 mg on alternate days; Copegus; Chugai
Pharmaceutical Co., Ltd.) was administered daily for 48 weeks.
During antiviral treatment, immunosuppression consisted of 50 mg
cyclosporine daily with a trough level of 70-100 ng/mL, and 1 g
mycophenolate mofetil daily. Her HCV-RNA titer was undetect-
able at 10 weeks, corresponding with early viral response, and
remained negative at 6 months after completing treatment.
Therefore, she achieved SVR as planned.

DISCUSSION

The overall success of LDLT is dependent on 2 factors,
namely perioperative short-term survival, and long-term
quality and survival after LDLT. To achieve short-term
graft and patient survival after LDLT, important factors

include an attenuated deterioration in the recipient’s con-
dition, good performance status, and low MELD score,
together with good liver graft quality and an appropriate
GV [11.12]. Although end-stage liver disease precipitates
LDLT, advanced liver disease with a poor general condition
could contraindicate LDLT considering the risk of poor
outcomes |11,12]. Therefore, appropriate timing is valuable
for a reasonable indication of LDLT. The present case had
a history of varices rupture, ascites, and hepatic encepha-
lopathy together with active chronic hepatitis C, although
her Child-Pugh grade was B with 9 points. These factors
may predict good short-term graft survival after LDLT
{11,121, The donor was 42 years old. The GV/SLV of the left
lobe graft was 33.8% in the recipient. We previously
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reported that our reference index of GV/SLV for good
recipient outcomes was 35% [8]. Therefore, this graft could
not be used in a recipient with a deteriorated clinical status.
However, because the current recipient’s general health was
well-preserved and she had less-advanced liver disease, we
considered that this graft could be safely used.

Another important factor in this case was inevitable HCV
reinfection after LDLT. Control of HCV recurrence de-
termines long-term graft quality and survival. As previously
reported, recurrent HCV reinfection after OLT progresses
to cirrhosis in about 25% of patients within 5-10 years in the
absence of effective antiviral treatment [5]. Moreover,
cholestatic-type recurrent HCV might cause graft loss within
a few months [3]. However, about 30%-40% of recipient
treated with Peg-IFN and RBV after LDLT achieve SVR
and are permanently free from HCV [1~3]. Therefore, IFN
sensitivity is a significant determinant of the long-term out-
comes of grafts in HCV-infected patients, and predicting
IFN sensitivity before LDLT could determine the indication
for LDLT in borderline patients, as in the current case.

We previously reported that the combination of
188099917 genotypes in the donor and recipient is a signif-
icant determinant of the outcomes of Peg-IFN and RBV
treatment for recurrent HCV after LDLT; the SVR rate was
56% if the genotype was T/T in both the donor and recip-
ient, but decreased to 10% if either the donor or recipient
had the T/G or G/G genotypes [7]. In that study, we also
found that HCV factors, including double wild-type 70/91
core protein, >2 mutations in the IFN sensitivity-
determining region, and >6 mutations in the IFN/RBV
resistance-determining region were favorable factors in re-
cipients with the T/T genotype who received T/T liver grafts.
Because this patient had double wild-type core protein and
8 mutations in the IFN/RBYV resistance-determining region
without mutations in the IFN sensitivity-determining region,
the predicted SVR rate after Peg-IFN and RBV was 86%,
which we considered was fairly acceptable for this patient.

In conclusion, we have described an elderly patient with a
borderline indication for LDLT with a smaller graft. We
evaluated the indication for LDLT after checking the
158099917 genotype in the donor and recipient, as well as
HCV mutations in the recipient. Using these findings, we
predicted that the patient would show very high IFN
sensitivity and achieve SVR. Based on our experience of this

2429

case, we propose that molecular analyses of host and viral
factors are useful for indicating LDLT to treat HCV,
especially in borderline cases.
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Abstract

Purpose To evaluate the anatomical variations in the
middle hepatic vein tributaries (V5/V8) for determining the
reconstruction strategy in right lobe living donor liver
transplantation (LDLT).

Methods The V5/V8 variations were examined in 268
patients and were classified into three and two types,
respectively. The reconstruction rate (RR), patency rate
(PR) and clinical outcomes were retrospectively evaluated
in 46 right lobe LDLT cases.

Results In terms of V5 variations, the RR and PR were
significantly higher for type 2 than type 3 (82.6 vs. 44.4 %
and 73.7 vs. 25.0 %, respectively). The alanine amino-
transferase level on postoperative day (POD) 5 in the V5
patent group was significantly lower than in the occluded
group (123 vs. 191 IU/dL). Regarding V8 variations, the
RR and PR were significantly higher for type 1 than type 2
(44.4 vs. 17.6 % and 75.0 vs. 33.3 %, respectively). The
aspartate aminotransferase level on POD 3 was signifi-
cantly lower in the V8 patent group than in the occluded
group (50 vs. 121 TU/dL).

Conclusion For right lobe grafts with single large V5
(type 2) or V8 (type 1) variations, reconstruction is nec-
essary. Our new classification of the MHV tributaries is
useful for determining the reconstruction strategy to use in
right lobe LDLT.
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Introduction

Since the first report in 1989, living donor liver transplan-
tation (LDLT) has become widely accepted worldwide as a
treatment of choice for end-stage liver failure [1]. However,
in right lobe LDLT, the presence of hepatic venous con-
gestion (HVC) in the right anterior sector, caused by
deprivation of drainage from the middle hepatic vein
(MHV) tributaries, remains one of the most serious com-
plications [2]. Lee et al. reported two cases of severe HVC
in a graft without reconstruction of the MHV tributaries, in
which one graft resulted in sepsis due to congestive
infarction and the other caused the development of pro-
longed massive jaundice [3]. Recent reports have demon-
strated that the reconstruction of the MHV tributaries
improved the outcomes of right lobe LDLT [4, 5], and that
preoperative estimation of the graft volume (GV) and
venous congestion rate (VCR) caused by occlusion of the
MHV tributaries was of great importance [6, 7]. In other
words, the evaluation of anatomical variations in the MHV
tributaries draining segment V (V5) and VIII (V8) plays an
essential role in determining the appropriate reconstruction
strategy in right lobe LDLT.

Recently, preoperative liver volumetry based on three-
dimensional computed tomography (3D-CT) has resulted in
significantly improved outcomes in comparison with the use
of two-dimensional computed tomography [6-8]. In addition,
3D-CT visualization is very useful in the preoperative eval-
uation of the VCR and variations in the MHV tributaries.

The purpose of the present study was to analyze
the anatomical variations in V5 and V8 using 3D-CT.
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We retrospectively examined 268 patients, 116 of whom
were donors and 152 of whom were donor candidates, and
evaluated the correlation between the type of V5 and V8
and the clinical outcomes following the reconstruction in
46 cases of right lobe LDLT.

Methods
Patients

From August 2003 to March 2008, 3D-CT was applied
for 268 patients at Kyushu University Hospital. These
patients included 116 donors and 152 donor candidates.
In all patients, the liver volumes were measured, and the
anatomical variations in the portal and hepatic veins were
examined, including the MHYV tributaries. The patients
included 155 males and 113 females. Their median age
was 35 years (range 19-64), and their median body mass
index was 22.1 kg/em? (range 15.4-36.7). The median

values of the 3D-CT estimated total liver volume,
extended left and caudate lobe volume and right lobe
volume were 1118 cm? (range 606-1931), 417 cm’®
(range 195-712) and 693 cm® (range 326-1332),
respectively. In the 116 donors, the grafts included 65 left
lobe grafts, 46 right lobe grafts, two extended right lobe
grafts, two extended left lateral segment grafts and one
posterior segment graft.

3D-CT evaluation of the anatomical variations
in hepatic veins

Preoperative multidetector helical CT (MDCT) images
were made using 2-mm-thick slices represented on CT
machines. Enhancement was achieved using an intravenous
bolus injection of nonionic contrast medium (Iopamion™,
Schering, Erlangen, Germany) at a speed of 5 mL/s. The
3D reconstructions of the liver, portal and hepatic venous
branches were obtained from the MDCT data using the 3D-

CT software program, ZIO M900 (Zio Software Inc.,

Fig. 1 3D-CT images of a liver. a—c The preoperative 3D recon-
struction of the liver, portal and hepatic venous branches visualized
using a Zio M900. a A 3D image of the PV. b A 3D image of the
hepatic vein. ¢ A 3D image of the right graft. The LHV, RHV and
IVC are colored aqua. The PV, MHV and IRHV are colored dark
blue, yellow and red, respectively. The V5 and V8 are colored purple.
d—f The preoperative 3D reconstruction of the liver and the HVC
volume of the MHV tributaries visualized using liver segmentation

@ Springer

software. d A 3D image of the right graft. e, f A 3D image showing
the HVC volume (orange color) of the MHV tributaries in total (pink
color). 3D-CT three-dimensional computed tomography, GB gall-
bladder, HVC hepatic venous congestion, JRHV inferior right hepatic
vein, IVC inferior vena cava, LHV left hepatic vein, MHV middle
hepatic vein, PV portal vein, RHV right hepatic vein, V5 the MHV
tributaries draining segment V, V8 the MHV tributaries draining
segment VIII
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Tokyo, Japan). These findings made it possible to fréely fix
cut-off lines (Fig. la—c).

3D-CT evaluation of the liver volume and the VCR

The 3D reconstruction of the liver and the HVC volumes of
the V5 and V8 was obtained from the MDCT data using
another 3D-CT software program (Liver Segmentation
Software; Hitachi Medico, Tokyo, Japan), which was used
to calculate the liver volume and the volume of each
vessels’ (both portal and hepatic venous branches) territo-
ries from their diameter and length. The 3D images
reconstructed using this software program reflected the
actual congestioﬁ volume. The right lobe volume was
calculated from the right portal vein (PV) territory, and the
HVC volume of each hepatic venous branch was calculated
automatically (Fig. 1d—f). The VCR of each hepatic venous

branch was calculated as follows: HVC volume of each

hepatic venous branch/right lobe volume (%).
Classification of V5 variations

The variations in V5 were classified into the following
three types: type 1 anatomy, in which the MHV extends
straight from the peripheral gallbladder bed to the inferior
vena cava (IVC) along the Cantlie line, and several small
"V5s enter the MHV (Fig. 2a). Except for cases with type 1
anatomy, the MHV does not run to the distal side, and the
V5 enters the MHV on the more proximal side. In type 2
cases, a single large V5 enters the MHV (Fig. 2b). In type 3
cases, the superior vein draining the segment V (V5sup)
and the inferior vein draining the segment V (V5inf) enter
the MHV separately (Fig. 2c).

Classification of V8 variations

The variations in V8 were classified into the following two
types. In type 1, a single large V8 enters the root of the
MHV (Fig. 3a). In type 2, the superior vein draining
the segment VIII (V8sup) and the inferior vein draining the
segment VIII (V8inf) enter the MHV separately (Fig. 3b).
The distinction between V8inf and V5sup was made rig-
orously according to the variations in the PV branches that
were visualized using 3D-CT. In some cases, the V8
entered the IVC directly, and these cases were defined as
an unclassified type.

Graft selection

The criteria used for graft selection have been described
elsewhere [9, 10]. In brief, a left lobe graft is initially
considered as a graft with respect to donor safety. A right
lobe graft is selected when a left lobe graft is insufficient
for the recipient and the remnant liver volume of the donor
is >35 %.

Criteria for reconstruction of the MHYV tributaries
Our criteria for reconstruction of the MHV tributaries were
that the estimated VCR in the MHV tributaries was >25 %,

or the deducted HCV from the graft volume was <40 %
[7].

Surgical procedures

The surgical procedures for donors and recipients have
been described elsewhere [10-12]. In brief, donor
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Fig. 2 3D-CT images of V5 variations. a Type | anatomy. The
MHYV extends straight from the peripheral GB bed to the IVC along
the Cantlie line, and several small V5s (arrows) enter the MHV. With
the exception of type 1, the MHYV does not run to the distal side, and
V5s enter the MHV on the more proximal side. b In type 2, a single
large V5 enters the MHV. ¢ In type 3, the V5sup/V5inf enters the
MHV separately. The LHV, RHV and IVC are colored aqua. The

MHV and IRHV are colored yellow and red, respectively. The V5,
including V5Ssup/V5inf, is colored purple. 3D-CT three-dimensional
computed tomography, /[RHV inferior right hepatic vein, /VC inferior
vena cava, GB gallbladder, LHV left hepatic vein, MHV middle
hepatic vein, RHV right hepatic vein, V5 the MHYV tributaries draining
segment V, V5sup/V5inf the superior/inferior veins draining segment
A%
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