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INTRODUCTION:  Combined  hepatocellular-cholangiocarcinoma  (cHCC-CCA)  is a rare  primary  liver  carci-
noma whose  components  include  both  hepatocellular  carcinoma  (HCC)  and cholangiocarcinoma  (CCA).
Indications  for  liver  transplantation  for cHCC-CCA  remain  controversial.
CASE  PRESENTATIONS:  Four patients  underwent  living  donor  liver  transplantation  (LDLT)  for  cHCC-CCA.
All  patients  had  multiple  tumor  nodules  preoperatively  diagnosed  as  HCC.  Postoperative  pathological
examinations  revealed  that one  of the tumors  was  cHCC-CCA.  Cases  1 and  2 underwent  LDLT  for  cirrhosis
with  HCC  tumors  that  met  Milan  criteria.  Case  3 underwent  LDLT  for recurrent  HCC  tumors  with  nonal-
coholic  steatohepatitis.  Although  the  preoperative  examinations  showed  that  the patient  met  the  Kyoto,
but  not  Milan  criteria,  postoperative  pathological  examinations  revealed  that  the  patient  did  meet  Milan
criteria.  The  three  patients  who  met  Milan  criteria  on postoperative  pathological  examination  had  no
recurrences  after  LDLT.  Case  4  had  multiple  tumors  with  alcoholic  liver  cirrhosis.  Although  the preoper-
ative  examinations  showed  that  the patient  did  not  meet  Milan  criteria—but  did meet  Kyoto  criteria—,

on  postoperative  pathological  examinations,  the  patient  met  neither  Millan  nor  Kyoto  criteria.  He died
of tumor  recurrence  15  months  after  LDLT.
DISCUSSION  AND  CONCLUSIONS:  Our  experiences  suggested  that  patients  who  meet  Millan  or  Kyoto  cri-
teria  experienced  acceptable  outcomes  of  LDLT  for  cHCC-CCA.  By itself, cHCC-CCA  is  not  contraindication
for  liver  transplantation.

©  2020  The  Author(s).  Published  by Elsevier  Ltd on behalf  of  IJS Publishing  Group  Ltd.  This  is  an  open
he CC
access  article  under  t

. Introduction

Primary liver carcinoma, including hepatocellular carcinoma
HCC) and intrahepatic cholangiocarcinoma (CCA), is the second
eading cause of cancer-related deaths worldwide [1]. Combined
epatocellular-cholangiocarcinoma (cHCC-CCA) is a rare primary

iver carcinoma with both HCC and CCA components in one tumor

odule [2–4].

Some reports have shown worse prognosis for cHCC-CCA than
hat for HCC in liver transplantation (LT) [5–8]. However, because

Abbreviations: AFP, alpha-fetoprotein; CCA, cholangiocarcinoma; cHCC-CCA,
ombined hepatocellular-cholangiocarcinoma; CT, computed tomography; FDG-
ET, F-18 fluorodeoxyglucose positron emission tomography; DCP, des-gamma
arboxyprothrombin; HCC, hepatocellular carcinoma; LDLT, living donor liver trans-
lantation; LT, liver transplantation; MELD, model for end-stage liver disease; MRI,
agnetic resonance image; SUV, standardized uptake value.
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of the rarity of cHCC-CCA, few reports have described the outcomes
of LT for cHCC-CCA. Therefore, the indications of LT for cHCC-CCA
remain controversial. The present study examined four cases at
our institute. The research work has been reported in line with the
process criteria [9].

2. Case presentations

2.1. Patients

All patients who  underwent LT between January 2005 and
December 2018 at our institute were enrolled. The study protocol
was approved by the Ethics Committee of our institute and per-
formed in accordance with the 1964 Declaration of Helsinki and
its later amendments. A total of 835 patients underwent LT, four

of whom underwent living donor LT (LDLT) for cHCC-CCA. All four
patients had multiple tumor nodules and were diagnosed with HCC
preoperatively. One of the multiple tumors turned out to be cHCC-
CCA by postoperative pathological examination. The pathological
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Table  1
Clinicopathological features of the four cases with cHCC-CCA.

Case 1 2 3 4

Age 65 62 67 45
Sex  M M F M
Background liver disease HCV-LC HBV-LC NASH Alcoholic LC
Child-Pugh C(11) C(11) B(8) C(10)
CEA  [ng/mL] 2.4 3.1 5 11
CA19-9 [U/mL] 40 33.1 34.8 <0.6
AFP  [ng/mL] 85.8 6.7 2075 642.3
DCP  [mAU/mL] 84 59 380 18
Milan criteria Within Within (Beyond→) Within* Beyond
Kyoto criteria Within Within Within (Within→)  Beyond**
Tumor  number (total) 3 2 3 >10
Tumor number (cHCC-CCA) 1 1 1 1
Tumor size(cHCC-CCA) [cm] 1.4 1.1 2.1 3.6
Tumor size(maximum) [cm] 2.9 1.1 3 3.6
Recurrence – – – Multiple liver cancer
Recurrence[month] – – – 9
Outcome Alive Alive Alive Death
Survival time[month] 65 66 11 15
Cause of death – – – Liver cancer

* ia on t
n : hep
c
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Case 3 did not meet the Milan criteria preoperatively. However, she met  the criter
ot  meet Kyoto criteria on the postoperative examination. M:  male, F: female, HCV
irrhosis.

iagnoses were made in accordance with the 2019 World Health
rganization (WHO) classification based on hematoxylin and eosin

taining [4]. The clinical features of the four patients are summa-
ized in Table 1.

.2. Case 1: a 65-year-old man

The patient was referred to our institute for hepatitis C virus-
ssociated cirrhosis with multiple liver tumors in segments 4 and
. He previously underwent a partial liver resection for HCC. Com-
uted tomography (CT) showed two tumors (maximum size 21
m)  (Fig. 1a and b). F-18 fluorodeoxyglucose positron emission

omography (FDG-PET) / CT failed to detect a high standardized
ptake value (SUV) tumor. His des-gamma carboxyprothrombin
DCP) and �-fetoprotein (AFP) levels were 84 mAU/mL and 85.8
g/mL, respectively. His Child-Pugh (C-P) score was grade C (11
oints) and his Model for End-stage Liver Disease (MELD) score
as 12 points. Since he met  the Milan criteria [10], LDLT with the

ight lobe graft was performed. Postoperative pathological exami-
ation revealed three tumors (Fig. 1c): one of which was  diagnosed
s cHCC-CCA (Fig. 1d–f). The other two tumors were HCC. He lived
ithout tumor recurrence for over five years.

.3. Case 2: a 62-year-old man

The patient was referred to our institute for hepatitis B virus-
ssociated cirrhosis with multiple HCCs. He had a history of distal
astrectomy for a gastric ulcer at 20 years of age. He had been
reated with entecavir hydrate. The patient developed recurrent
ncephalopathy and esophageal varices hemorrhage in the year
efore the LT. His C-P score was grade C (11 points) and his MELD
core was 16 points. Preoperative examination revealed three
iver tumors (Fig. 2a and b) that were 20 mm or less in diame-
er, thereby meeting Milan criteria. Contrast-enhanced magnetic
esonance image (MRI) revealed tumors with arterial phase hyper-
nhancement and a washed-out appearance, typical of HCC. The
reoperative examination also detected ascending colon cancer.

leocecal resection was  performed first. We  determined that his

ancer was early-stage, and LDLT was performed one month later.
athological examination showed two viable liver tumors (Fig. 2c):
ne cHCC-CCA (Fig. 2d–f) and one HCC. He experienced no recur-
ences for over five years.
he postoperative examination. ** Case 4 met Kyoto criteria preoperatively, but did
atitis C virus, HBV: hepatitis B virus, NASH: non-alcoholic steatohepatitis, LC: liver

2.4. Case 3: a 67-year-old woman

The patient had been followed for non-alcoholic steatohepatitis.
She underwent a partial hepatectomy for an HCC at 59 years of age
and had twice undergone radiofrequency ablation for HCC recur-
rence. She was  referred to our institute for multiple liver tumors
with worsening liver function. Preoperative CT examination sug-
gested five tumors with a maximum diameter of 29 mm,  thus not
meeting Milan criteria (Fig. 3a and b). However, her DCP  level was
380 mAU/mL, meeting Kyoto criteria (ten or fewer tumors, max-
imum tumor size of 5 cm or less, and DCP level of 400 mAU/mL
or less), as it is an extended criterion for LDLT [11]. FDG-PET / CT
didn’t detect a high SUV tumor, and contrast-enhanced MRI  results
were typical for HCC. Her C-P score was grade B (8 points). We
performed a LDLT using a right liver graft. The postoperative patho-
logical examination revealed three viable tumors with a maximum
diameter of 30 mm.  Therefore, she retrospectively met  Milan crite-
ria. One tumor was  cHCC-CCA (21 mm in diameter); the other two
were HCC (Fig. 3c–f). DCP and AFP levels, which are tumor mark-
ers, decreased to within the normal range postoperatively. She lived
without tumor recurrence for approximately one year after LDLT.

2.5. Case 4: a 45-year-old man

The patient was referred to our institute for alcoholic cirrho-
sis with multiple liver tumors. He underwent laparoscopic partial
liver resection for HCC five years previously and also received
transcatheter arterial chemoembolization for HCC recurrence. The
preoperative CT examination revealed five classical HCC tumors
(Fig. 4a and b). His C-P score was  grade C (10 points) and his MELD
score was 20 points. The patient’s AFP level was 642.3 ng/mL and
his DCP level (18 mAU/mL) was  within normal limits. His condition
met  Kyoto criteria and LDLT was  performed using a right liver graft.
Pathological examination revealed more than ten viable tumors in
the recipient’s liver. The largest tumor was diagnosed as cHCC-CCA
(36 mm in diameter) (Fig. 4c and e–g); the other tumors were HCCs
(Fig. 4d). Therefore, the pathological examination revealed retro-
spectively that his condition met  neither Kyoto nor Milan criteria.

The postoperative AFP level temporarily dropped to within the nor-
mal  range; however, nine months after LDLT, his AFP and DCP levels
were elevated (18.8 ng/mL and 80 mAU/mL, respectively), and CT
examination revealed multiple liver tumors with hypervasculari-
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ig. 1. The cHCC-CCA nodule in Case 1. The computed tomography (CT) scan show
ate  phase (b). This tumor macroscopically appeared solid white (c). Pathological fin

ies, suggesting multiple HCC recurrence. He died of liver failure
nd HCC recurrence 15 months after the LDLT.

. Discussion

The preoperative diagnosis of cHCC-CCA is difficult because it

as few specific imaging characteristics [12]. The strategy for pre-
perative diagnosis of cHCC-CCA has been studied before [13–15],
owever, in the present study—in spite of the multimodal pre-
perative examination (PET/CT, MRI, or tumor markers, etc.)—all
or in segment 2, which is enhanced in the portal phase (a) and washed out in the
 indicating that the nodule consists of two components (d): CCA (e) and HCC (f).

four patients received LDLT for preoperative diagnoses of multiple
HCC tumors. Postoperative pathological examinations incidentally
revealed that one of the multiple tumors was cHCC-CCA and that
the remaining tumors were HCC. In this study, the cHCC-CCA
characteristics were not captured, even after checking the images
retrospectively. If these patients had been diagnosed with cHCC-

CCA preoperatively would they have demonstrated indications for
LT?

Some studies reported poor outcomes of LT for cHCC-CCA.
Analyses based on large-scale data, including the Surveillance Epi-
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ig. 2. The cHCC-CCA nodule of Case 2. The computed tomography (CT) scan shows
n  the late phase (b). cHCC-CCA (white square) (c). Microscopically, the tumor cons

emiology and End Results (SEER) and United Network for Organ
haring (UNOS) databases suggested worse outcomes of LT for
HCC-CCA than for HCC. The analyses also indicated that the ther-
peutic effects of LT for cHCC-CCA were limited [6–8]. However,

everal reports showed that small cHCC-CCA tumors (2 cm or
ess), were associated with better prognosis [16,17]. Therefore, no
onclusions have been reached regarding the LT indications for
HCC-CCA.
all enhanced nodule (white arrow) in the portal phase (a). The nodule is not visible
 two components: CCA (e) and HCC (f).

In general, patients with cHCC-CCA have background liver dis-
eases [18,19]. Thus, LT for cHCC-CCA theoretically reduces the
recurrence rate as well as LT does for HCC. All patients in this
case series had serious liver dysfunction. Although the patient with
tumors that met  neither Millan nor Kyoto criteria relapsed imme-
diately after LDLT, the three patients who met  Milan criteria had

no recurrence after LDLT. These findings suggested that cHCC-CCA
was not an absolute contraindication for LT.
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Fig. 3. The cHCC-CCA nodule of Case 3. The computed tomography (CT) scan indicates three tumors in portal (a) and late (b) phases. The tumor—indicated by the white
arrow—is  the cHCC-CCA nodule; the other tumors (arrowheads) are HCC nodules (c). Pathological findings indicate that the nodule consists of two components (d): CCA (e)
and  HCC (f).
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ig. 4. The cHCC-CCA nodule of Case 4. The computed tomography (CT) scan indica
odule  while the arrowheads show HCC nodules. Macroscopically, the cHCC-CCA no
he  microscopic findings show that the nodule consists of two  components (e): CCA

. Conclusions

In this series, the patients with cHCC-CCA who met  Milan crite-
ia on postoperative pathological examination had no recurrence
fter LDLT. Thus, cHCC-CCA itself is not a contraindication for liver
ransplantation in patients with cirrhosis.
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ree tumors in the portal (a) and late (b) phases. The arrow indicates the cHCC-CCA
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nd HCC (g), surrounded by a CCA component.
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