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tance mutation-acquisition pathways, it is possible that resistance
mutations had been transmitted.

In contrast to multiple pathways for acquiring d4T resistance
in the naive group, d4T resistance acquisition in the exposed group
was much simpler. d4T resistance-related mutations were the most
frequently observed mutations, and few K65R or Q151M muta-
tions were detected. As many cases had a history of AZT as mono-
or dual therapy, d4T resistance-related mutations appear to have
been induced during previous AZT exposure, and these mutations
were re-selected by GPOvir treatment. We also observed different
mutation patterns in NNRTI resistance. K103N was less prevalent
in the exposed group. Some of the differences observed between
our two study groups may be attributed to intra- or intermolecu-
lar interference, which has been reported to affect drug-resistant
mutation-acquisition pathways (Parikh et al., 2006; Quan et al.,
1998).

Regarding mutations in the connection and RNase H domains,
these two domains are not usually analyzed in clinical samples
since most RT inhibitor-resistance mutations map to the DNA
polymerase domain of RT (Clavel and Hance, 2004). Thus, less
information is available for these domains in CRFO1_AE. There-
fore, we collected information on these two domains from our
cohort. We found that G335C/D and A371V, which have been
reported to confer AZT resistance in subtype B (Brehm et al,, 2007;
Nikolenko et al., 2007), were natural polymorphisms of CRF01_AE,
and N348I, E399D, P537S, and 1542M appeared to be induced by
GPOvir exposure. Among these last 4 mutations, N348I and E399D
were reported to affect AZT and NNRTI resistance in subtype B
(Hachiya et al., 2008; Poveda et al., 2008); P537S and 1542M are
two newly discovered mutations in our study.

In conclusion, our study shows the potential of GPOvir
for antiretroviral treatment-naive and -exposed groups and
demonstrates differences in drug-resistance acquisition pathways.
Selection of pre-existing mutations and different pathways was
affected by interference with drug-resistance mutations. Although
developing countries currently have no alternative treatment
regimen to GPOvir, its usage could be detrimental to salvage regi-
mens because (1) d4T selects the multi-drug-resistance mutations,
Q151M and K65R, the latter conferring resistance to tenofovir, and
(2) both 3TC and nevirapine have low genetic barriers to acquiring
drug resistance. More studies are needed to provide a better basis
for selecting second-line treatments after GPOvir failure.
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Abstract Background Liver regeneration is still not fully
understood. Partial liver transplantation (LT) can provide the
opportunity to investigate the mechanisms of liver regenera-
tion, including the contribution of extrahepatic cells to liver
regeneration. Methods Of 61 patients transplanted with partial
Liver graft between August 1997 and October 2006, 56
patients were studied, including 49 adults and 7 children.
Sequential computed tomography volumetric analysis was
performed for volume measurement, while proliferating cell
nuclear antigen (PCNA) labeling index was investigated for
liver cell proliferation in nonprotocol liver biopsy specimens.
In addition, 15 male recipients who had female liver grafts
were investigated in order to detect Y chromosomes as
extrahepatic cells in nonprotocol liver biopsy specimens.
Results Graft volume per standard liver volume was markedly
increased after adult-to-adult living-donor (LD) LT. In pedi-
atric transplants, there was no volume increase over time.
PCNA labeling index was vigorous in adult-to-adult LDLT in
the early period after LDLT. No Y chromosome was evident

in hepatocytes from female-donor male-recipient grafts dur- -

ing or after liver regeneration. However, in the cases of failing
grafts of this type, many Y-chromosome-positive cells were
observed in the graft liver. The character of those cells was
- CD34(—), CK9(—), hepatocyte-specific antigen(—), and
CD68(+/—). Conclusion In adult-to-adult LDLT, vigorous
liver regeneration occurs in the graft liver, demonstrated by
not only volumetric but cell kinetic analysis. Involvement of
extrahepatic cells in normal liver regeneration seems limited.
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" Imntroduction

The mechanism of liver regeneration is still not fully
understood. Although vigorous liver regeneration after
living-donor liver transplantation (LDLT) has been repor-
ted by us and others [1--3], it has been assessed by imaging
studies such as computed axial tomography (CAT) scan,
not hepatocyte cell division. In the present study, we took
the opportunity to use liver biopsy specimens to verify liver
regeneration in partial liver recipients during various
periods after LDLT,

In addition, during liver regeneration it has been reported
that extrahepatic cells, especially bone marrow (BM)-
derived cells, are mobilized and involved [4-6]. However,
details regarding how extrahepatic cells are involved and
how much they contribute to normal liver regeneration have
not been fully elucidated [7-10]. Therefore, we investigated
liver biopsy specimens from female-donor male-recipient
grafts, in which only XX cells should be present in the graft
liver. We used fluorescent in situ hybridization (FISH) to
detect Y chromosomes in the liver to identify extrahepatic

- cells in the liver upon liver regeneration.

Materials and Methods
Patients
Of 61 patients who underwent LDLT between August 1997

and October 2006 at Nagasaki University Hospital, 56 Jap-
anese patients with survival times of more than 3 months
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were included for volumetric analysis. For adult recipients,
right lobe grafts were transplanted in 40 recipients, while
left-side grafts (8 extended left lobe graft, 1 left lobe graft)
were performed in 9 recipients. Seven pediatric cases with
left lateral lobe graft also underwent volumetric study. Adult
patients were defined as those over 16 years old. When liver
function test was deranged, total 93 liver biopsies were
carried out, consisting of 83 in adult cases and 10 in pediatric
cases, and were prepared for proliferative cell nuclear anti-
gen (PCNA) staining. Within these, a total of 24 liver
biopsies were performed in 15 recipients on indication from
a pool of 19 male recipients (XY) who were transplanted
with female livers (XX).

Methods of LDLT

All partial liver grafts were preserved in University of
Wisconsin solution and implanted using a piggyback
technique. In general, graft selection was based on the
results of volumetric studies using CAT scans to obtain
ratios of graft volume to standard liver volume of more
than 35% in the recipients.

A dual or triple immunosuppressive regimen was used,
which included tacrolimus or cyclosporine A, steroid, and
mycophenolate mofetil. Patients with compromised renal
function were given induction therapy with interleukin-2
antibodies. Biopsy-proven rejections were treated if clin-
ical and laboratory signs mandated steroid bolus
treatment. Steroid-resistant rejections were treated with
OKT3.

Investigation for Liver Regeneration

Incremental growth of the liver in volume was measured by
serial CAT scans using Flexi Trace software (Tree Star,
Inc., U.S.A) at 0, 1-2 weeks, and 3 months after LDLT
[1]. In liver biopsy specimens, expression of PCNA
(DACO, Carpinteria, CA) was analyzed for intrahepatic
proliferation [11].

Four-micrometer liver sections were deparaffinized in
xylene and hydrated in graded ethanol. After deparaffini-
zation, rehydration, and heating in 95°C buffer, sections
were incubated with each antibody and subsequently with
Histofine Simple Stain MAX-PO (MULTI) (Nichirei,
Japan). Incubation was performed overnight at 4°C and
followed by a wash in three changes of phosphate buffered
saline (PBS) for 5 min. For all stainings, the reaction
product was developed with the use of 3-diaminobenzidine
tetrahydrochloride and H,0O,. The sections were counter-
stained with Meyer hematoxylin—eosin.

For hepatocyte staining, the goat anti-human hepato-
cyte-specific antigen Ab (R&D system, Minneapolis, MN),

and 2nd Ab biotinylated rabbit anti-goat Ig (DAKO, Car-
pinteria, CA) were used. For the staining of CK7 (bile duct
marker), CD68 (macrophage marker) and CD34 (hemato-
poietic cells) were used, respectively, according to the
manufacturer’s protocol.

Fluorescent In Situ Hybridization (FISH)

FISH was performed in our reference léboratory (SRL,
Nagasaki, Japan). Sections from paraffin-embedded biop-
sied liver tissues were placed on silane-coated glass slides.
The slides were deparaffinized immediately in two rinses
of 1,000 g/l xylene for 10 min each. Each slide was
rehydrated in an ethanol series for 5 min. The slides were
then treated with 0.2 mol/1 HCl for 20 min, followed by
2 x SSC (0.3 mol/l sodium chloride and 0.03 mol/l
sodium citrate) for 20 min at 80°C, treated with 0.05 mg/
ml proteinase K in TEN [0.05 mol/l Tris—HCI, pH 7.8,
0.01 mol/1 ethylenediamine tetraacetic acid (EDTA), and
0.01 mol/l sodium chloride] for 10 min at 37°C, and placed
in 40 g/l formaldehyde in PBS for 10 min. Both FISH
probes and target DNA were denatured simultaneously for
10 min at 90°C, and the slides were incubated overnight at
42°C, placed in 2 x SSC for 10 min at 42°C, washed twice
in 2 x SSC/500 g/l formaldehyde formamide for 5 min
each at 42°C, washed 2 x SSC for 5 min at 42°C, and
counterstained in 2 x SSC/0.03 pg/ml 4°,6-diamidino-2-
phenylindole (DAPI).

Statistical Analysis

For the data, Mann-Whitney U test was used. Differences
were considered statistically significant for P-value less
than 0.05.

Results
Liver Volume

Graft volume per standard liver volume at 0, 1, 3, and
6 months after adult-to-adult LDLT was 53.2%, 95.9%,
98.5%, and 101.2% in right lobe grafts and 41.1%, 81.9%,
92.7%, and 102.4% in left-sided grafts, respectively
(Fig. 1). Since volume changes in pediatric LDLT were not
evident, they are not included in the figure.

DNA Synthesis in the Liver
PCNA labeling index was vigorous in adult-to-adult LDLT

in the early period after LDLT, while it was not evident in
pediatric LDLT (Fig. 2).
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Fig. 1 Liver regeneration of right lobe or left lobe graft liver after
adult-to-adult LDLT using volumetric analysis using CAT scan.
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Fig. 2 PCNA labeling index after LDLT using immunohistochemical
staining. PCNA proliferating cell nuclear antigen, LDLT living-donor
liver transplantation

FISH and Immunohistochemical Staining
for Y-Positive Cells

Y chromosome was not evident in hepatocytes of female-
donor male-recipient grafts after normal liver regeneration
in adult-to-adult LDLT recipients (Fig. 3, case 1). As seen
in this case, when graft livers did not receive any damage
and underwent normal liver regeneration, existence of Y-
chromosome-positive cells was limited with FISH exami-
nation. However, in the case of failing graft, such as in
cases 11-13, many Y—chromosomc—positive cells were
observed in zone 1 of the graft liver (Fig. 3, case 11).
For these cases, immunohistochemical Staining was per-
formed in the area with Y chromosomes. CD34(—), CK9(-),
hepatocyte Ag(—), and CD68(+/—) were observed using
immunohistochemical staining (Fig. 4, case 11). In the case
of chronic liver damage (Fig. 5, case 15) after LDLT due to

@ Springer

biliary complication, a few Y-positive cells were also
detected with nonspecific staining for CD34, CK9, hepato-
cyte Ag, and CD68. Results of immunohistochemical
staining are summarized in Tables 1 and 2.

Discussion

In this report, we showed liver regenerative response after
partial LT using not only volumetric CAT scan study but
also PCNA labeling of biopsy specimens. Previously, we
reported vigorous liver regenerative response after partial
liver regeneration and investigated liver regenerative
growth factors after liver regeneration [11]. Herein, we
showed a clear difference in proliferation of graft liver
according to recipient body size and blood flow due to the
difference in responses when transplanted in adults and
children with different standard liver volumes. We did not
carry out statistical analysis on PCNA index since it
exhibited wide deviation. Liver regeneration remains an
unsolved phenomenon, but our results show that it could be
related to factors in recipients, as we reported previously
[1]. Since protocol biopsy tends to be avoided because of
risk of hemorrhage etc., further investigation is needed to
assess cell proliferation noninvasively aside from CAT
scan. Also since liver biopsy was not done on protocol,
rejection or inflammation could have affected the data of
PCNA staining. Although it would be interesting to
investigate the difference in liver regeneration between
patients after liver resection and those after partial liver
transplantation, biopsy specimen from patients after liver
resection cannot be obtained because of risk of complica-
tions. Therefore this also remains for further investigation.
Our liver specimens from liver transplant recipients were
obtained because of on-demand liver biopsy.

In addition, for combinations of female donor (XX) and
male recipient (XY), the Y chromosome was investigated
in the biopsy specimen of the female liver (XX) in order to
investigate the contribution of extrahepatic cells to liver
regeneration. Previously, in an in Vivo experiment con-
ducted in 2000, it was reported that hepatocytes could be
derived from BM cells [12]. Subsequently, in 2001, Bac-
carani et al. [13] reported that, in human recipients,
replacement of a female liver venous endothelium with
male BM showed the possibility of involvement of BM
cells in liver rearrangement. Fujii et al. [4] reported that
BM cells participated in liver regeneration after hepatec-
tomy, whereas the majority of cells were committed to
sinusoidal endothelial cells. Very recently, Conzelmann
et al. [5], using their reduced-size LT model, reported that
recipient-derived progenitor cells were present and might
contribute to liver regeneration in mice. However, in 2005
Di Campli et al. [7] reported no evidence of hematopoietic
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Fig. 3 FISH for Y chromosome
in liver biopsy specimens.

Case 1 showed normal liver
regeneration after LDLT. a At
the time of LDLT, few Y-
chromosome-positive cells were
seen. b With time, although GV/
SLYV increased, a few Y-
chromosome-positive cells were
seen only in the sinusoid.

¢ Case 11 had severe acute
rejection at 1 week after LDLT.
d In the biopsy specimen,
massive accumulation of
Y-chromosome-positive cells
was seen, mimicking hepatic
structure. FISH fluorescent

in situ hybridization, GV/SLV
graft volume versus standard
liver volume ratio

A-ATEDLT. GV/SLM 31 3%

XISLV

Case 1: normal liver regeneration

Case 11: acute cellular rejection* graft failure

-

Fig. 4 Immunohistochemical stainings in case 11. Characterization
of Y-chromosome-positive cells was attempted in corresponding area.
a FISH showing Y-chromosome-positive cells (white square), b
hepatocyte antigen was mot positive in the black square, ¢ CK7

stem cell mobilization in patients who underwent hepa-
tectomy or in patients with acute liver failure. Similarly, in
2006, Moritoki et al. [8], using green fluorescent protein
transgenic mice, demonstrated that BM cell transfer
seemed not to contribute to the differentiation of cholan-
giocytes in a chronic cholestasis model. In 2007,
Tomiyama [6] reported the limited contribution of cells
originating from intact extrahepatic tissue in hepatocyte
regeneration in transplanted rat livers. Thus, it is still
unknown whether extrahepatic cells such as BM cells
could contribute to liver regeneration or liver repair,
especially in humans.

(cytokeratin 7, bile duct) was not positive in the black square, d
hematoxylin and eosin staining, e CD68 (macrophage) was partially
positive in the black square, f CD34 (hematopoietic cell) was not
positive in the black square

In our study, we did not find many Y-chromosome-
positive cells after liver transplantation with normal liver
regeneration. If extrahepatic cells had been involved and
integrated into normal liver regeneration, they should have
stayed and been found in the liver biopsied a long time
after LDLT. This is indirect evidence that would seem to
rule out extrahepatic cell contribution to normal liver
regeneration in humans, in contrast to previous reports [12,
13]. On the other hand, when failing livers were biopsied,
many Y-chromosome-positive cells were present. Although
we could not clearly show the origin of those Y-positive
cells, circulating macrophages were candidate sources

@ Springer
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Fig. 5 Immunohistochemical
stainings in case 15, secondary
biliary cirrhosis after LDLT. a
FISH showing Y-chromosome-
positive cells (white square),

b Azan staining was positive,
showing the presence of liver
fibrosis, ¢ CK7 (cytokeratin 7,
bile duct) was not positive in the
black square, d CD68
(macrophage) was partially
positive in the black square,

e CD34 (hematopoietic cell)
was not positive in the black
square. LDLT living-donor liver
transplantation

D. CD68 (macrophage)

Table 1 Demographics of male recipients with female donors

Case no. Age Gender Etiology Donor Blood type match Graph type Biopsy period after LDLT Comments Outcome

1 16 M FHF Mother  Identical L 3d, 4Y None Survived

2 5 M BA Mother  Identical LL 2M, 8Y Cholestasis Survived

3 56 M LC-B/HCC Sister Identical R 1.5M, 1.8Y, 2Y mild ACR None Survived

4 200 M FHF Aunt Identical R IM, 5M, 2Y Cholestasis Survived

5 58 M LC-C Sister Identical R 2M Hepatitis Survived

6 56 M LC-B/HCC Daughter Identical R 8M Vanishing BD  Survived

7 56 M LC-B/HCC Daughter Identical R 9M (Re-LDLT) Poor quality Survived

8 56 M LC-B/HCC Wife Identical R 6M Mild ACR Survived

9 58 M LC-C/HCC Daughter Incompatible R 3w Hepatitis Survived
10 62 M LC-C Sister Compatible L 1.5M Moderate ACR  Survived

11 41 M PBC Wife Identical R IW, 1M (autopsy) Severe ACR Died (2M)
12 50 M LC-B Wife Identical R 10d (graft failure) Malcirculation  Died (IM)
13 57 M LC-C/HCC Wife Identical R 10d, 2M (graft failure) Moderate ACR  Died (2M)
14 47 M LC-Al Sister Identical R 3.8Y (liver cirrhosis) Poor quality Died (3.8Y)
15 51 M LC-C Sister Identical R 2.5Y (chronic liver failure) Biliary cirrhosis Died (2.5Y)

FHF fulminant hepatic failure, BA biliary atrasia, ACR acute cellular rejection, LC-B liver cirrhosis due to hepatitis B, LC-C liver cirrhosis due to
hepatitis C, LC-Al liver cirrhosis due to alcohol hepatitis, HCC hepatocellular carcinoma, PBC primary biliary cirrhosis, d days, M months, ¥

years, LDLT living-donor liver transplantation

Table 2 Summary of results

Normal Acute graft  Chronic graft
regeneration  failure failure
Y chromosome - +4 +
Hepatocyte antigen - - -
CK7 (bile duct) - - -
CD68 (macrophage) - Partial + —
CD34 (hematopoietic) — + +

because some cells were positive for CD68, which we used
to identify macrophages. However, CD34, used for hema-
topoietic cells, was negative, which indicated that those

@ Springer

Y-positive cells did not have hematopoietic origins. In
addition, there may be significant sampling variability in
liver biopsy specimens from a single liver biopsy, which
may not necessarily be representative of the entire liver. In
liver chronically damaged by biliary complication,
Y-chromosome-positive cells were not as numerous as seen
in the case of acute graft failure. In addition, despite the
information about expression of progenitor cell markers
such as c-kit and Thy-1, we did not investigate this in this
study; this awaits further investigation. With regard to
CD68(+) Y chromosome(+) cells, we presume that they
are regular macrophages from recipient side to dispose of
damaged cells in failing liver, not special multipotent stem
cells expressing CD68.
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In conclusion, in adult-to-adult LDLT, vigorous liver
regeneration occurs in graft livers. Involvement of extra-
hepatic cells in normal adult-to-adult liver regeneration
seems limited.

Open Access This article i distributed under the terms of the 71
Creative Commons Attribution Noncommercial License which per-

mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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SUMMARY

'We reported a first successful and life-saving
two-staged living-related liver transplantation
for a: patient with imminent-brain death die to
fulminant hepatic failure that otherwise had to
be perforined after a pre-treated and scheduled
blood-type incompatible liver transplantation.
The patient was anhepatic for 6 hr 34 min, and
| continuous hemodiafiltration was given through:

out the operation. The patient recovered quickly
and was extubated within 24 hr after transplant.
This two-staged procedure is useful for emergen-
cy living-related liver transplantation that needs |
to be performed when the operating room is busy
with other emergency or scheduled surgical pro-
cedures, and may allow clearance of toxic metabo-
lites during the anhepatic period.

INTRODUCTION

For fulminant hepatic failure (FHF), liver trans-
plantation is an established and effective therapy
(1). Nevertheless, the therapeutic window is nar-
row, and the procedure needs to be performed as
an emergency operation. If the allograft is to be
obtained from a live donor, two emergency opera-
tions need to be performed simultaneously and in
a coordinated fashion at a single institution (2).
Such a circumstance is demanding not only for the
surgeons but also for the anesthesiologists, operat-
ing room personnel and facility as well as for the
blood bank. We were confronted with an instance
in which‘we had to perform two living-related liver
transplants at the same time, ie., an emergency
living donor liver transplantation (LDLT) for a pa-
tient with imminent brain-death -due to FHI and
a scheduled blood-type incompatible LDLT after
full preparatory treatment with repeated plasma
exchange to reduce serum isoagglutinin titer. We
report our experience with a two-staged LDLT, i.e.,
total hepatectomy and temporary portocaval shunt-
ing which was followed by allograft implantation to
prevent brain stem herniation for a patient with
FHF in such a difficult situation.

CASE REPORT

A 34-year-old woman suffered from fulminant
hepatic failure due to hepatitis B and was trans-
ferred to our hospital on May 7, 2001. In spite of
plasma exchange and continuous hemodiafiltration
(CHDF), she developed grade IV coma (responsive

Hepato-Gastroenteralogy 2010; 57:146-148
© H.G.E. Update Medical Publishing S.A., Athens-Stuttgart
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only to painful stimuli) with the prothrombin time
below 12% and serum ammonia of 176 microgm/ml.
She was judged to require emergency liver trans-
plantation in the evening of May 10, 2001, when
her father, 67-years-old and blood type identical,
volunteered to be a donor. His preoperative work-
up and informed consent was completed by the end
of the same day.

In the mean time, an 11 month-old-girl with
biliary atresia, status-post Kasai’s operation was
scheduled and being prepared for blood-type incom-
patible (A to O) LDLT from her mother the next
morning, She had undergone two courses of Ppreop-
erative plasma exchange under general anesthe-
sia to reduce the serum anti-A isoagglutinin titer.
The family of the infant was extremely reluctant
to postpone their transplant and became nervous
about any negative influence on their transplant
from the emergency liver transplantation for FHF.
We therefore considered performing emergency
LDLT immediately after the elective LDLT. Never-
theless, the woman with FHF started to exhibit de-
cerebrate posture in spite of CHDF and plasma ex-
change, and computed tomography revealed brain
edema, which suggested imminent brain death. We
confronted with the need to perform two LDLT at

.the same time,

For this difficult clinical situation, we decided
to perform after donor operation for the bload-type
incompatible transplant a total hepatectomy and
end-to-side portocaval shunting for the patient
with FHF, and then to implant the allograft after
the first elective blood-type incompatible LRLT was
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finished (Figure 1). This modification would pre-
vent the development of brain stem herniation or
hemodynmic instability, while allowing the already
set LDLT as scheduled.

After the native total hepatectomy with pres
ervation of the inferior vena cava, the patient was
anhepatic for 6 hr 34 min, during which she was
placed on an end-to-side portocaval shunt. The
shunt flow was 462ml/min by Doppler ultrasound,
and splanchnic decompression was adequate with
no signs of mesenteric petechiae or intestinal ede-
ma. CHDF was given throughout the operation,
and her blood ammonia and lactate levels were
lowered even during the anhepatic period (Figure
1). The donor right lobe weighed 750gram, with the
graft weight/estimated liver volume of 66.3%. The
explant liver weighed 520gram and exhibited mas-
sive necrosis. The operation for the recipient took
19hr 8min, and the estimated blood loss was
2,300gram. ,

For postoperative immunosuppression, tac-
rolimus and steroids were given. The patient’s post-
operative course was uneventful, and she woke up
on the first postoperative day, when she was extu-
bated. She recovered without neurological deficits
and was transferred to the medical service on post-
operative day 30 with normal liver function and
stable blood taerolimus level. At 12 months post-
transplant, she is on tacrolimus 1mg b.i.d. only and
remains well with normal liver function and with-
out any restriction as a housewife. The child who
received a blood-type incompatible liver from her
mother was discharged 39 days after transplant
and remains well with normal liver function with-
out immunosuppression.

DISCUSSION

Keeping a patient with FHF alive and as a
liver transplant candidate can be a challenging
problem because of the narrow therapeutic win-
dow. The concept of two-staged liver transplanta-
tion was first reported as a desperate attempt by
Ringe et al. (3) in 1988 for patients with primary
graft non-function of the liver allograft or for in-
tractable hemorrhage during hepatic resection.
They later added severe hepatic trauma and FHF
as indications for such a procedure (2, 3). The ra-
tionale for such a procedure for FHF is based on a
clinical observation that the presence of a necrotic
liver causes cardiovascular instability and renal as
well as respiratory insufficiency which is described
as ‘toxic liver syndrome’. Husberg et al. (6) in 1991
described hepatic devascularization rather than
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total hepatectomy for three patients with FHF
and noted improvement in the acidosis with diu-
resis after isolation of the failing liver. Rozga et al.
(7) in 1993 reported combination of hypothermia,
plasma exchange, and extracorporeal liver support
with total hepatectomy. Their patient was anhe-
patic for 14 hr but recovered completely after two
liver transplants. In our patient, we used CHDF
throughout the anhepatic period. As compared to
other 5 patients with FHF in our institution, our
patient woke up much faster after LDLT. This may
be in part due to the clearance of toxic metabolite
during the anhepatic period by CHDF. In this re-
gard, intentional anhepatic preconditioning by ear-
ly total hepatectomy of the failing liver in combina-
tion with CHDF or artificial liver support before
allograft implantation may facilitate recovery from
acute liver failure.

A controversial issue in performing the two-

staged liver transplantation for FHF has been the
uncertainty with the availability of liver allografts
and rather poor outcome (8). In LDLT, however, a
viable graft can certainly be obtained at any given
time, provided that the donor is willing, medically
guitable for donation, and mentally supported.

Furthermore, although liver transplantation for

FHF itself is a life-saving procedure, the influence
of this procedure on the surgical practice at a hospi-
tal level is significant, especially if donor operation

is

also performed at the same time. We believe that

for low-volume transplant centers, the two-stage
LDLT for FHF can be performed in combination
with emergency surgical procedures.
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Abstract
Background Microscopic vascular invasion is an impor-
tant risk factor for recurrent hepatocellular carcinoma
(HCC), even after curative liver resection or orthotopic
liver transplantation. To predict microscopic portal venous
- invasion, the following two questions were examined ret-
rospectively: Is it possible to detect microvascular invasion
preoperatively? What are the characteristics of a group of
early HCC recurrences even with no microvascular
invasion?
Methods Study 1 included 229 patients with HCC who
underwent curative liver resection between 1991 and 2008;
127 had HCC without microscopic portal venous invasion,
and 52 had HCC with microscopic portal venous invasion
(MPVI). These two distinct groups were analyzed with
regard to various clinicopathologic factors. Subsequently,
we specifically investigated if HCCs <5 cm with vascular
invasion (n = 32) have some characteristics that would
allow detection of latent microvascular invasion. Study 2
included 127 HCC patients without MVPI; 42 had a
recurrence within 2 years, and 85 patients were recurrence-
free for at least 2 years. These two distinct groups were
analyzed with regard to various clinicopathologic factors.
Results HCC diameter of >5cm, the macroscopic
appearance of HCC, and high levels of preoperative des-y-
carboxyprothrombin are significant prognostic factors in
identifying microvascular invasion of HCC. The strongest
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predictor of early recurrence (within 2 years) was the
serum a-fetoprotein level in patients without clear micro-
vascular invasion.

Conclusions Tumor size, macroscopic appearance, and
high tumor marker levels are important elements in iden-
tifying the group of patients with a low HCC recurrence
rate after curative liver resection.

Intreduction

Microvascular invasion is a strong prognostic factor for
hepatocellular carcinoma (HCC), even after curative liver
resection. Moreover, after orthotopic liver transplantation
(OLT), which is the ultimate removal of a malignant tumor,
microvascular invasion remains a significant prognostic
factor as HCC becomes systemic through invasion of
peripheral portal or hepatic veins and subsequent spread
{1-3]. Therefore, vascular invasion has always been
included as an indication for OLT, including in the Milan
criteria [4]. Macrovascular invasion to the first and second
ramifications of the portal vein can be diagnosed by com-
puted tomography (CT) or other imaging techniques;
however, microvascular invasion to minute peripheral
areas, such as the third branch of the portal vein, is difficult
to detect with current imaging modalities. Therefore, to
predict the outcome of liver transplantation or curative
liver resection more accurately, it is necessary to identify
factors that indicate or predict the microvascular invasion
of HCC.

We performed 229 curative liver resections for HCC
during a period of 17 years. Using the data from these
cases, we carried out a retrospective analysis to identify
factors that can predict the recurrence of HCC based on the
histological findings of HCC in the resected liver.

- 246 -



World J Surg (2010) 34:1034-1038

1035

Patients and methods

Between 1991 and 2008, a total of 229 curative liver
resections were performed in the Department of Surgery
of Nagasaki University Hospital, Nagasaki, Japan. Of 229
HCCs, 50 had vascular invasion up to the second branch
of the portal vein. The remaining 179 patients were
analyzed in the study. The average age of the patients was
65 years (range 2085 years). There were 143 men and
36 women, and the median follow-up period was
45.5 months.

The macroscopic appearance of HCC was classified into
four types: type 1, single nodular type; type 2, single
nodular type with extranodular growth; type 3, contiguous
multinodular type formed by a cluster of small, contiguous
nodules; type 4, infiltrative type [5]. As tumor markers,
serum levels of a-fetoprotein (AFP) and des-y-carboxy-
prothrombin (DCP) were measured. We conducted two
distinct retrospective studies.

Study 1

To identify factors for detecting microscopic portal venous
invasion preoperatively, we examined 179 of our 229
patients (excluding those with vascular invasion to the first
and/or second branches of the portal vein). Of these 179
patients, 127 had no histologically proven microscopic
portal venous invasion, hepatic venous invasion, or intra-
hepatic metastasis. The remaining 52 had microscopic
vascular invasion regardless of the presence or absence of
intrahepatic metastasis of HCC. Subsequently, after we
leammed that more microvascular invasion occurred in large
tumors (=5 cm), we were interested in whether HCCs

<5 cm with microvascular invasion have some charac-
teristics that would allow detection of latent microvascu-
larity. When we limited our examination to patients with a
single HCC lesion of <5 cm in diameter, we had 102
patients without and 31 patients with microvascular
invasion.

Study 2

The second study was performed to identify the group of
patients who suffered early recurrence—defined as recur-
rence within 2 years—even though they showed no
microscopic portal venous invasion. Of the 127 patients
without proven microvascular invasion, 42 suffered early
recurrence and 85 experienced recurrence after 2 years.
These two distinct groups were analyzed with regard to
various clinicopathologic factors. For this study, necroin-
flammatory activity (grade) and the degree of fibrosis
(stage) as determined by Knodell et al. were calculated by
routine histologic examination [6].

Statistical analysis

All analyses were conducted with Stat-View. Univariate
analysis was performed using the Pearson chi-squared test
for categorical factors and the Mann-Whitney test for
numerical values. Multivariate analysis was conducted
with a logistic regression model. Odds ratios (ORs) and the
corresponding 95% confidence interval (CI) were com-
puted to assess the strength of association. Any P values of
<0.05 were considered statistically significant.

Results
Study 1

Univariate analysis revealed that the size of the HCC, the
number of HCC lesions, the macroscopic appearance of
HCC, and tumor markers (AFP, DCP) had a significant
predictive value (Table 1). Multivariate logistic regression
analysis revealed that the size of the HCC and its macro-
scopic appearance were significant independent risk factors
for microvascular invasion by HCC (Table 2).

When we limited our examination to patients with a
single HCC lesion of <5 cm diameter, we had 102
patients without and 31 patients with microvascular inva-
sion. Significant predictive factors for microvascular
invasion were the macroscopic appearance of the HCC and
a high DCP level (Table 3). With respect to the macro-
scopic appearance of the HCC, types 2 and 3 were sig-
nificantly predictive of microvascular invasion of HCC.

Study 2

Only AFP had a significant predictive value for identifying
patients likely to experience recurrence within 2 years even
if there was mno histologic evidence of microvascular
invasion (Table 4). Moreover, a positive rate of hepatitis C
antibody in the early recurrence group was higher than in
the group with recurrence after 2 years. Grading (necro-
inflammatory response) and staging (fibrosis) were not
statistically different between the two groups.

Discussion

In the present study, 2 tumor diameter of >5 cm, its
macroscopic appearance, and the DCP level were signifi-
cant predictive factors for microvascular invasion, which
cannot be detected by current imaging techniques; this is
consistent with the findings of a previous report by Shirabe
et al. {7] The macroscopic appearance of type 2 or type 3
HCC, which can be evaluated in imaging studies, also

@ Springer
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Table 1 Association of microvascular invasion of HCC: all HCCs

Parameter Microvascular invasion
Positive (n = 52) Negative (n = 127) P

Age (years), median and range 64 (20-85) 65 (44-81) NS
Sex (M:F) 41:11 102:25 NS
HBsAg-positive 20 (38.5%) 36 (28.3%) NS
HCV Ab-positive 20 (38.5%) 63 (50.8%) NS
Liver damage (A:B) 48:4 114:13 NS
HCC size (cm), median (range) 5.2 (0.5-17) 3 (0.8-11.5) <0.001
No. of HCCs, median and range 1 (1-5) 1 (1-6) <0.01
Macroscopic appearance of HCC (types 1/2/3/4) 8/17/19/1 (7 unclassified) 65/26/20/2 (14 unclassified) <0.001
Tumor markers (median and range)

AFP 95 (1.6-454,300) 12.7 (1.2-13,840) <0.001

DCP 845 (6-76,600) 24 (0-69,150) <0.05

HCC hepatocellular carcinoma, HBsAg hepatitis B virus surface antigen, HCV Ab hepatitis C virus antibody, AFP a-fetoprotein, DCP des-y-

carboxyprothrombin

Table 2 Logistic regression of factors associated with microvascular
invasion of HCC: all HCCs

Coefficient

Parameter Odds ratio (95% CI)
Size of HCC 0.517 1.678* (1.275-2.208)
No. of HCC —0.42 0.657 (0.181-2.384)
Macroscopic appearance of HCC
Type 1 Reference
Type 2 2.569 13.047** (1.514-112.439)
Type 3 3.229 25.253* (3.289-193.913)
Type 4 4.098 60.205** (2.574-1408.257)
CI confidence interval
* P <0.01
Pz i0.05

predicts microvascular invasion. Therefore, in cases of type
2 or 3 HCC, early recurrence can be carefully monitored
even after OLT.

With respect to tumor markers, the DCP level was an
important factor in estimating the malignant potential of
HCC without microscopic vascular invasion even after
curative liver resection. Furthermore, even when the HCC
is limited to a single lesion <5 cm in diameter (as descri-
bed in the Milan criteria), an elevated DCP level implies a
poor prognosis after curative resection. For these small,
single HCCs, the DCP level was found to be a better pre-
dictor of vascular invasion than the macrovascular
appearance of the HCC.

According to the results of the present study 2, AFP
predicted the early recurrence of HCC even without proven
microvascular invasion in the resected specimen. As doc-
umentation of microvascular invasion may be difficult
because of the width of the slice in the tumor, the possi-
bility of microvascular invasion in patients with early
recurrence cannot be ruled out. Our findings indicate that
even when an HCC that meets the Milan criteria (a single
lesion <5 cm diameter) is removed by curative liver

Table 3 Association of microvascular invasion of HCC: single HCCs <5 cm diameter

Parameter Microvascular invasion
Positive (n = 31) Negative (n = 102) P

Age (years), median and range 61 (37-85) 65 (44-81) NS
Sex (M:F) " 2:4 81:21 NS
HBsAg-positive 12 (38.7%) 28 (27.4%) <0.05
HCV Ab-positive 12 (38.7%) 52 (50.9%) NS
Child-Pugh (A:B) 30:1 94:8 NS
Macroscopic appearance (types 1/2/3/4) 6/11/10/1 (3 data sets missing) 55/23/13/1 (10 data sets missing) <0.001
Tumor markers (median and range)

AFP 97.9 (1.6-454,300) 13 (1.2-81) NS

DCP 1307 (1.8-76,600) 71 (0-8520) <0.001
@_ Springer
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;I;:gl;eﬁcfa:&t;:‘isnfgryﬂ Parameter Early recurrence P
without proven microvascular Yes (n = 42) No (n = 85)
invasion
Age, median (range) 65 (45-77) 66 (44-81) NS
Sex M:F) 357 67:18 NS
HBsAs-positive 12 (28.6%) 27 (31.7%) NS
HCV Ab-positive 23 (54.8%) 39 (45.9%) <0.05
Child Pugh (A:B) 36:6 80:5 NS
HCC size (cm), median and range 3 (1-11.5) 3 (0.8-11.4) NS
No. of HCCs, median and range 1 (1-6) 1(1-2) NS
Macroscopic appearance (types 1/2/3/4)  21/10/5/1 (5 unclassified) 45/14/16/2 (8 unclassified) NS
Tumor markers (median and range)
AFP 414 (2-1714) 8.3 (1.2-13,840) <0.05
DCP 61 (0-69,150) 24 (6-3,999) NS
HAI
Grading 5 (0-13) 5 (0-13) NS
Staging 3(0-4) 2(0-4) NS

HAI hepatitis activity index

resection and OLT, patients should be carefully monitored
for early recurrence when the AFP level is elevated. Usu-
ally, after curative liver resection, recurrence within
2 years appears mostly as an intrahepatic metastasis
through vascular invasion, whereas recurrences occurring
2 years after RO are regarded as multicentric HCCs, which
are a different clone from the first resected HCC. In other
words, it is not usual that recurrence occurs after 2 years
through microvascular invasion.

When considering expansion of the indication criteria
for OLT for HCC, the prediction of vascular invasion
should be a key point because a previous report showed its
importance even after total eradication of the diseased liver
[8]. The present study found that the macroscopic
appearance of the HCC and tumor markers are important as
predictors of microvascular invasion and that DCP in
particular can be used to detect latent microvascular
invasion of HCC even in patients with a single lesion of
<5 cm diameter. Furthermore, the AFP level can be used
to predict early recurrence after curative removal of HCC,
which implies latent microvascular invasion because early
recurrence is generally thought to indicate intrahepatic
metastasis of a primary HCC through the portal vein [9]. In
contrast, recurrence after 2 years is usually regarded as a
second occurrence of HCC in the diseased liver (multi-
centric occurrence) [10]. Because the diseased liver is
removed during OLT, intrahepatic metastasis through
microvascular invasion is more important than the multi-
centric occurrence of HCC after the procedure.

Recently, using thin-sliced explant liver we showed that
preoperatively undetectable HCC does mot have a prog-
nostic impact on outcome or recurrence of HCC after liver
transplantation [11]. The characteristics of undetectable
HCCs included a minute (median size 6 mm), well-

differentiated appearance (80%), with indistinct margins
(85.3%) and without vascular invasion (94%). There was
no recurrence in any patients at the time of follow-up
(median follow-up period was 30.1 months). In fact, tumor
markers in almost all patients were within normal limits.
Together with these results, it was found that in small
HCCs with low tumor marker levels there was an absence
of microvascular invasion of the HCC.

As a subgroup analysis, we investigated the group of
patients with HCCs <5 cm in diameter to determine pre-
dictors for microscopic vascular invasion. As it has already
been widely reported that HCCs >5 cm in diameter have a
greater chance of spreading through microvascular inva-
sion, the prediction of microvascular invasion is not
important for those patients. Even when the patient meets
other criteria for liver transplantation, if the HCCis >5 ¢cm
OLT is contraindicated because of the high risk of recur-
rence. In the studies described herein, therefore, we tried to
find potential microscopic vascular invasion using criteria
other than the size of the HCC.

In conclusion, tumor size, the macroscopic appearance
of the HCC, and the DCP level are important factors that
can be used to identify the group of patients with a low
probability of recurrence of HCC after curative liver
resection. The AFP level can also be used as a predictor
of latent microscopic vascular invasion and early
recurrence.
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Macrophage-Dominant Sialadenitis in Human T-Cell Leukemia Virus
Type I-Associated Myelopathy After Living-Donor

Liver Transplantation

H. Nakamura, T. Ichikawa, T. Nakamura, A. Kawakami, N. lwamoto, T. Matsuzaki, H. Miyaaki,
S. Yamasaki, H. Ida, S. Eguchi, T. Hayashi, K. Nakao, T. Kanematsu, and K. Eguchi

ABSTRACT

A 64-year-old man who suffered from human T-cell leukemia virus type I (HTLV-I)-
associated myelopathy (HAM) after living-donor liver transplantation (LDLT) for liver
cirrhosis due to hepatitis C virus infection complained of xerostomia. Although exocrine
function test results were positive, autoantibodies including anti-SS-A/SS-B antibodies and
sialography showed negative findings. Labial salivary gland biopsy revealing infiltration of
60 counts of mononuclear cells (MNCs) in minor salivary glands led to a diagnosis of
Sjogren’s syndrome-like sialadenitis. Immunohistochemistry demonstrated dominant
CD68 staining and major histocompatibility complex class II on the surface of infiltrating
MNCs. Herein we have reported a rare condition of macrophage-dominant sialadenitis in

a patient with HAM after LDLT.

BOTH hepatitis C virus (HCV) and human T-cell leu-
kemia virus type I (HTLV-I) have been reported to be
associated with the onset of Sjogren’s syndrome (SS).*?
Because HCV infection demonstrates exocrine dysfunction
along with sialadenitis, the American-European Consensus
Group for SS excluded HCV infection in the diagnosis of
$S.3 We have previously reported that an epidemiological
study showed a high prevalence of SS in anti-HTLV-I
antibody—positive subjects.* In this case, a complication of
HTLV-I-associated myelopathy (HAM) after living-donor
liver transplantation (LDLT) has recently been reported.’
Herein, we have additionally reported the emergence of
unusual sialadenitis in this patient.

CASE REPORT

The complication of HAM in this patient was already reported by
Soyama et al.® Briefly, LDLT was performed for a patient who had
decompensated liver cirthosis due to HCV infection in August
2002. Both the patient and his younger sister donor were seropos-
itive for anti-HTLV-I antibody. Immediately after LDLT in Octo-
ber 2002, interferon (IFN) a-2b and ribavirin were administered
after we confirmed recurrence of the HCV infection, but HAM
appeared 18 months after LDLT. Although pegylated IFN a-2b
and ribavirin were administered for 48 weeks against the HCV
infection, no response was observed to the recurrent active hepa-
titis.

When the patient was admitted in September 2008, xerostomia
was newly detected. The new clinical manifestations of HAM

© 2010 by Elsevier Inc. All rights reserved.
360 Park Avenue South, New York, NY 10010-1710
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included spastic gait and bladder symptoms. Elevation of aspartate
aminotransferase (53 TU/L), alanine aminotransferase (47 TU/L),
and immunoglobulin (Ig)G (2630 mg/dL) were observed with
normal total bilirubin (0.7 mg/dL). Type IV collagen and quanti-
tative HCV ribonucleoprotein were elevated at 290 ng/mL (nor-
mal, <140) and 7.1 log IU/mL (normal, undetected) with reduced
total branched chain amino acids (285 pmol/L; normal, 379-688).
A liver biopsy, which had resuited in a hospital admission in
September 2008, showed chronic hepatitis with fibrous enlarge-
ment of the portal area, inflammatory cell infiltration, and piece-
meal necrosis. The relative copy number of HTLV-I against
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B-globin in the peripheral blood sample was 2.56 X 10%/10* cells by
real-time polymerase chain reaction. Along with xerostomia, both
the Saxon test (1.1 g/2 minutes; <2 g, positive) and Schirmer test (3
mm/5 minutes; <5 mm, positive) were positive with negative results
for anti-SS-A/SS-B antibodies and sialography. However, minor
salivary gland biopsy (Fig 1A) demonstrated more than 60 counts
of mononuclear cell (MNC) infiltration, which were confirmed as
dominantly macrophages. Although the patient showed signs of
xerostomia, positive exocrine dysfunction, and MNC infiltration
into the minor salivary gland (MSG), SS was excluded according to
the criteria determined by the American-European Consensus
Group.? Immunohistochemistry using monoclonal antibodies for
MSG demonstrated positive staining of CD68 on the infiltrating
MNCs (Fig 1B). Compared with the prevalence of CD68, the
prevalence of CD4 (Fig 1C) or CD8 (Fig 1D) was less than that of
CD68, macrophage.- Major histocompatibility (MHC) class IT was
found in human tonsil as a positive control (Fig 1E) and MNCs in
the MSG of this patient (Fig 1F). Written informed consent for the
use of the biopsy specimen was obtained from the patient.

DISCUSSION

HCV-related SS has been reported to be characterized by a
high prevalence of cryoglobulinemia with a low frequency
of anti-SS-A/SS-B antibodies.® In our case, sialadenitis
without SS-related autoantibodies was compatible with the
characteristics of HCV-related SS. However, HCV infec-
tion usually shows infiltration of CD4+ T lymphocytes into
the MSG, which is incompatible with the present macroph-
agic infiltration. Furthermore, it has previously been re-

i

i . TSR R < g b s
Fig 1. Phenotypic markers expressed in the minor salivary gland
(MSG). Immunohistochemistry was performed for formalin-fixed,
paraffin-embedded sections (3-um thick) from the MSG using
the streptavidin-biotin method. Primary antibodies were used as
follows: (A) hematoxylin-eosin staining, (B) CD68, (C) CD4, (D)
CD8, (E) MHC class |l staining in human tonsil (positive control),
and (F) MHC class Il staining of the MSG of the patient. (Original
magnification for A-D and F, X200; E X100.) Hematoxylin was
used as a counterstain.
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ported that IFNs have the potential to cause autoimmune
diseases, such as autoimmune thyroid diseases, systemic
lupus erythematosus, rtheumatoid arthritis, or SS.™® Unoki
et al reported that administration of IFN-alpha-2b for a
patient with type C chronic active hepatitis induced SS with
sicca symptoms and elevation of autoantibodies, suggesting
that IFN per se has a potential to form autoimmune
disorders in patients with viral hepatitis.’

With regard to HTLV-I infection, prognosis of HTLV-
I-positive renal transplant recipients has been previously
reported,'® observing that both living-related and cadaveric
kidneys from HTLV-I carriers may be used for HTLV-I-
seropositive recipients because of the low occurrence of
adult T-cell leukemia. HTLV-I is also one of the candidates
to trigger sialadenistis. We have previously reported a high
prevalence of SS among patients with HAM.2 However, the
predominant phenotype of MNCs in HAM-SS patients was
CD4+ T lymphocytes, which was similar to the type of
MNCs in HTLV-I-seronegative SS patients.

Previously Ishiguro et al'! established a rat model of
HTLV-I infection in which massive foamy macrophages
infiltrated the spinal cord and clinical manifestations of the
rat resembled those of HAM patients. Meanwhile, our
patient showed macrophage-dominant MNC infiltration
into the MSG. Although the pathogenesis of the rat model
might be different from that of human HAM, because
lymphocytic infiltration is an apparent characteristic of
HAM patients, an unrecognized trigger might have induced
infiltration of macrophages into the MSG in our patient.

Graft-versus-host disease (GVHD) is considered to be a
candidate cause of sialadenitis. Fujiwara et al*? have previ-
ously reported sialadenitis in experimental GVHD in an
animal model, in which nonirradiated mice were injected
with spleen cells developing chronic GVHD. In their re-
port, sialadenitis was observed predominantly with CD4+ T
lymphocytes, although with a low frequency of macro-
phages, B cells, or plasma cells. However, chronic GVHD
has rarely been reported after LDLT. Sun et al*® reported
a case of GVHD at 4 months after cadaveric liver trans-
plantation. In their report, the patient showed gastrointes-
tinal symptoms, which were determined to be T-lymphocyte
infiltration based on a colonic biopsy.

In summary, the mechanism by which sialadenitis is
induced remains to be clarified. However, both active
hepatitis and HAM have the potential for viral-induced
recruitment of mononuclear infiltration. Furthermore, dou-
ble viral infection may provoke a strong elimination reac-
tion compared with a single viral infection. Although an
antiviral reaction is considered to be increased by innate
immunity through Toll-like receptors,'* intense antigen-
presentation capacity might be yielded by induction of
macrophages.
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Significance of PET/CT in Determining Actual
TNM Staging for Patients With Various
Lung Cancers

Kenya Chiba', Midori Isoda?, Masako Chiba®, Takashi Kanematsu?, Susumu Eguchi®
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We investigated the difference in TNM stage of lung cancer provided by PET/CT
(combining positron emission tomography and computed tomography) as compared with
TNM stage obtained with conventional imaging studies (CI) with contrast-enhanced
computed tomography (CT) and magnetic resonance imaging (MRI) with iron contrast
media. Sixty-seven cases of lung cancer were included in this study. Overall, the rate of
correction of TNM staging was 70.1% after PET/CT. The correction rate for each factor
was 32.8% in T, 37.3% in N, and 37.3% in M. High rates of correction were observed in
small cell lung cancer (SCLC), with 75% (6/8 cases) obtained by PET/CT. When SCLCs

" were divided into limited disease (n = 6) involving 1 hemithorax, including mediastinal
and contralateral hilar lymph nodes, and others (extensive disease, n = 2), the correction
rate was as high as 80% for limited disease. In conclusion, PET/CT can provide actual
TNM staging and recognition for oncologists in staging, which would not mislead to
selection of inadequate subsequent treatment.

Key words: PET/CT - TNM stage — Lung cancer

ith the development of fluoro-deoxy-glucose

(FDG) in the late 1900s, positron emission
tomography (PET) emerged as a new technology for
cancer diagnosis.” However, it was difficult to learn
the precise anatomic locations of lesions because
images obtained by PET were as vague as those
obtained by scintigraphic images.

After the appearance of PET combined with
computed tomography (CT) devices (hereinafter
abbreviated as ““‘combined PET/CT") in 2000, CT
images of cancer lesions and the sites thereof were
clearly enhanced by FDG, thereby further increasing
the precision of images of the range and metastasis
of a lesion, resulting in the provision of very
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