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Material and Methods

Clinical samples

Ninety-three CRC patients underwent surgical treatment at
the Kyushu University at Beppu and affiliated hospitals
between 1993 and 1999. Resected tumor and paired nontu-
mor tissue specimens were immediately cut from resected co-
lon and placed in RNAlater (Takara, Japan) or embedded in
Tissue Tek OCT medium (Sakura, Tokyo, Japan), or frozen
in liquid nitrogen and kept at —80°C until RNA extraction.
Written informed consent was obtained from all patients.
The median follow-up period was 3.0 years.

Quantitative RT-PCR

The sequences of FBXW7 mRNA primers were as follows:
sense, 5-AAA GAG TTG TTA GCG GTT CTC G-3'; anti-
sense, 5'-CCA CAT GGA TAC CAT CAA ACT G-3'. Glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) was used as
an internal control and GAPDH primers were as follows:
sense, 5'-TTG GTA TCG TGG AAG GAC TCT A-3'; anti-
sense, 5-TGT CAT ATT TGG CAG GTT-3'. Real-time mon-
itoring of PCR reactions was performed using the LightCycler™
system (Roche Applied Science, Indianapolis, IN) and
SYBER-Green I dye (Roche Applied Science, Indianapolis,
IN). Monitoring was performed according to the manufac-
turer’s instructions, as described previously.® In brief, a
master mixture was prepared on ice, containing 1 pL of
cDNA, 2 pL of DNA Master SYBER-Green I mix, 50 ng of
primers and 2.4 uL of 25 mM MgCl,. The final volume was
adjusted to 20 pL with water. After the reaction mixture was
loaded into glass capillary tubes, quantitative RT-PCR was per-
formed with the following cycling conditions: initial denaturation
at 95°C for 10 min, followed by 40 cycles of 95°C for 10 sec,
annealing at 62°C for 10 sec and extension at 72°C for 10 sec.
After amplification, products were subjected to a temperature
gradient from 67°C to 95°C at 02°C/sec, under continuous
fluorescence monitoring, to produce a melting curve of products.

Data analysis for Quantitative RT-PCR

We used the LightCycler™ Software version 3.5 program
(Roche Molecular Biochemicals) to calculate the cycle num-
bers. After proportional baseline adjustment, the fit point
method was employed to determine the cycle in which the
log-linear signal was first distinguishable from the baseline.
This cycle number was used as the crossing point value. A
standard curve was produced by measuring the crossing point
of each standard value and plotting it against the logarithmic
concentration value. Concentrations of unknown samples were
calculated by plotting their crossing points against the standard
curve and dividing by GAPDH content. GAPDH expression lev-
els were the same in tumor and normal tissues.

Immunohistochemistry

Immunohistochemical studies for FBXW7, c-Myc and cyclin
E were performed on formalin-fixed, paraffin-embedded sur-
gical sections obtained from 71 patients with CRC. Tissue
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sections were deparaffinized, soaked in 0.01 M sodium citrate
buffer and boiled in a microwave for 5 min at 500 W to
retrieve cell antigens. The primary mouse monoclonal anti-
bodies against FBXW7 (Abnova Corporation, Taipei, Taiwan),
mouse monoclonal antibodies against c-Myc (sc-40, Santa Cruz
Biotechnology, CA) and rabbit polyclonal antibodies against
Cyclin E (SC-481, Santa Cruz Biotechnology) were used at
dilutions of 1:100, 1:50 and 1:50, respectively. Tissue sections
were immunohisto¢hemically stained using ENVISION
reagents (ENVISION+ Dual Link System-HRP, Dako
Cytomation, Glostrup, Denmark). All sections were counter-
stained with hematoxylin. We confirmed the specificity of
antibody for FBXW?7 using by the thymus of Fbxw7 knock-
out mouse established by Onoyama et al” (Supporting
Information, Fig. 4).

Laser microdissection

The tissues from another series of 130 patients with CRC
were collected for laser micro-dissection (LMD). CRC tissues
were microdissected using the LMD system (Leica Laser
Microdissection System, Leica Microsystems, Wetzlar, Germany)
as previously described.” For LMD, 5 i frozen sections were fixed
in 70% ethanol for 30 sec, stained with hematoxylin and eosin
and dehydrated as follows: 5 sec each in 70%, 95% and 100%
ethanol and a final 5 min in xylene. Sections were air-dried, then
microdissected with the LMD system. Target cells were excised,
at least 100 cells per section, and bound to the transfer film, and
total DNA extracted.

¢DNA-microarray

We used the commercially available Human Whole Genome
Oligo DNA Microarray Kit (Agilent Technologies, Santa
Clara, CA). A list of genes on this cDNA microarray is
available from  http://www.chem agilent.com/scripts/generic.
asp?lpage=>5175 &indcol=Y &prodcol=Y &prodcol=N&indcol=
Y&prodcol=N. Cyanine (Cy)-labeled cRNA was prepared
using T7 linear amplification as described in the Agilent Low
RNA Input Fluorescent Linear Amplification Kit Manual
(Agilent Technologies). Labeled cRNA was fragmented and
hybridized to an oligonucleotide microarray (Whole Human
Genome 4 x 44K Agilent G4112F). Fluorescence intensities
were determined with an Agilent DNA Microarray Scanner
and were analyzed using G2567AA Feature Extraction Soft-
ware Version A.7.5.1 (Agilent Technologies), which used the
LOWESS (locally weighted linear regression curve fit) normal-
ization method.'” This microarray study followed MIAME
guidelines issued by the Microarray Gene Expression Data
group." Further analyses were performed using GeneSpring
version 7.3 (Silicon Genetics, San Carlos, CA).

Array-CGH

Array-CGH was performed using the Agilent Human Genome
Microarray Kit 244K (Agilent Technologies). The array-CGH
platform is a high resolution 60-mer oligonucleotides based
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Figure 1. Clinical significance of FBXW7 mRNA expression in CRC. (a) FBXW7 mRNA expression in cancerous and normal tissues from CRC
patients as assessed by real-time quantitative PCR (n = 93). Horizontal lines indicate mean value of each group (T, cancer tissue;

N, noncancerous tissue). (b) Kaplan-Meier five year overall survival curves for CRC patients according to the level of FBXW7 mRNA
expression. The overall survival rate for patients in the high expression group was significantly higher than that for patients in the low
expression group (p = 0.02). High expression group (broken line: N = 47), low expression group (unbroken line: N = 46).

microarray containing about 244,400 probes spanning coding
and non-coding genomic sequences with median spacing of
7.4 kb and 16.5 kb, respectively. Labeling and hybridization
were performed according to the protocol provided by Agi-
lent (Protocol v4.0, June 2006). Arrays were analyzed using
The Agilent DNA microarray scanner.

Array-CGH data analysis

The raw signal intensities of tumor DNAs were measured
with Human Genome CGH Microarray 244K (Agilent Tech-
nologies) which were then transformed into log ratio to refer-
ence DNA with ‘Feature Extraction” software (v9.1) of Agi-
lent Technologies. The log ratio was thereafter used as the
signal intensity of each probe. One hundred thirty samples
from different patients were subjected to circular binary seg-
mentation (CBS) after median normalization.'> An R script
written by us was used for the median normalization,
whereas an R program implemented in the “DNA copy”
package of the Bioconductor project (http://www.bioconductor.
org) was used for the CBS analysis. Instead of all of the CGH
probes, 13,403 probes from chromosome 4 (NCBI Build 35)
were analyzed in this study. An absolute log2 ratio >0.263 was
used as the threshold for the gain or loss in DNA copy number
for each probe.

Total RNA extraction and first-strand cDNA synthesis

Frozen tissue specimens or cultured cell lines at subconflu-
ency were homogenized, and total RNA was extracted using
the modified acid-guanidine-phenol-chloroform method as

described previously.'*'* Total RNA (8.0 pg) was reverse
transcribed to cDNA using M-MLV RT (Invitrogen Corp.
Carlsbad, CA).

Cell lines

The human CRC cell lines, LoVo and Colo 201, were
obtained from the Japanese Collection of Research Biore-
soureces (JCRB, Osaka, Japan). The cell lines were main-
tained in Ham’s F-12 medium and RPMI1640 (Invitrogen
Corp.) supplemented with 10% fetal bovine serum (Equitech-
Bio, Kerrville, TX), 100 units/mL penicillin G and streptomy-
cin (Invitrogen Corp.). The cells were incubated in 5% CO,
at 37°C and passaged every three days.

FBXW7 RNA interference

FBXW?7-specific siRNA (Silencer™ Predesigned siRNA) was
purchased from Ambion, USA. siRNA oligomer was diluted
with Opti-MEMI® Medium without serum (Invitrogen
Corp.). The diluted siRNA oligomer was mixed with the
diluted Lipofectamine™ RNAIMAX (Invitrogen Corp.) and
incubated for 15 min at room temperature to allow siRNA-
Lipofectamine ™RNAIMAX complexes to form. Diluted loga-
rithmic growth-phase LoVo cells without antibiotics were
seeded at 2 x 10° cells/well in a final volume of 2 mL or 100
pL in 6 or 96 well flat bottom microtiter plates, respectively.
The cells were incubated in a humidified atmosphere (37°C
and 5% CO,). The assay was performed after 72 hr
incubation.
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Table 1. FBXW7 mRNA expression and clinocopathological factors

High expression
( 7

Low expression

n =4 (n = 46)

Factors n % n % p value
Age (mean = SD) 67.4 = 10.0 67.4 = 11.6 0.98
Sex 0.07
Male 30 63.8 22 47.8

Female 17 36.2 & 24 52.2

Histological grade 0.42
Well 19 40.4 14 30.4

Maoderately, poorly others 28 59.6 32 69.6

Size 0.32
>30 mm (small) 10 21.3 11 239

<31 mm (large) 37 78.7 35 76.1

Depth of tumor invasion’ 0.03
m, sm, sp 36 783 27 57.5

s, se, si 10 22.7 20 42,5

Lymph node metastasis 0.76
Absent 21 44.7 20 43.5

Present 26 55.3 26 56.5

Lymphtic invasion 0.59
Absent 29 61.7 25 54.3

Present 18 383 21 45.7

Venous invasion 0.23
Absent 43 91.5 38 82.6

Present 4 85 8 17.4

Liver metastasis 0.48
Absent 44 93.6 41 89.1

Present 3 6.4 5 10.9

Peritoneal dissemination 0.24
Absent 47 100.0 45 97.8

Present 0 0.0 1 22

Duke’s stage 0.47
A B 23 50.0 27 57.5

G D 3 50.0 20 42.5

“Tumor invasion of mucosa (m), submucosa (sm), muscularis propria (mp), subserosa (ss), penetration of

serosa (se), and invasion.

Western blot analysis

Total protein was extracted from cell lines using protein
extraction solution (PRO-PREP, iNtRON Biotechnology,
Korea). Total protein (40 ug) was electrophoresed in 10%
concentrated READY GELS ] (Bio-Rad Laboratories, Japan)
and electroblotted onto pure nitrocellulose membranes
(Trans-Blot Transfer Medium; Bio-Rad Laboratories, Japan)
at 02 A for 120 min. ¢-Myc protein was detected using
mouse monoclonal antibodies (sc-40, Santa Cruz Biotechnol-
ogy) diluted 1:500. Cyclin E protein was detected using rabbit
polyclonal antibodies (SC-481, Santa Cruz Biotechnology)
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diluted 1:100. c-Myc and cyclin E protein levels were normal-
ized to the level of B-actin protein (Cytoskeleton, Denver
CO) diluted 1:1,000. Blots were developed with horse-radish
peroxidase-linked anti-mouse and rabbit immunoglobulin
(Promega, Madison, WI) diluted 1:1,000. ECL Detection
Reagents (Amersham Biosciences, Piscataway, NJ) were used
to detect antigen-antibody reactions.

Proliferation assay
Proliferation of the cell lines was determined by 3-(4, 5-dime-
thylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT)
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Table 2. Univariate and multivariate analysis for overall survival (Cox proportional regression model)

Univariate analysis Multivariate analysis
Factors RR 95% CI p value RR 95% CI p value
Age (<65/<66) 0.820 0.540-1.218 0.328 - - =
Sex (male/female) 0.822 0.538-1.228 0.342 b = =
Histology grade (well/moderately and poorly & others) 0.690 0.416-1.063 0.095 = - =
Tumor size (<30 mm/>31 mm) 1.285 0.792-2.380 0.331 - - -

! Depth of tumor invasion® (m, sm, mp/ss, se, si) 1738 1.101-3.024  0.016 178 1.075-3.095 0.023
Lymph node metastasis(negative/positive) 2.014 1.329-3.231 0.001 2.145 1.368-3.563 0.001
Lymphatic invasion (negative/positive) 2.326 1.529-3.744 0.001 - - -
Venous invasion (negative/positive) 1.852 1.145-2.845 0.014 1.825 1.106-2.891 0.020
FBXW7 mRNA expression (low/high) 1.564 1.027-2.516 0.036 1.983 1.264-3.267 0.003

*Tumor invasion of mucosa (m), submucosa (sm), muscularis propria (mp), subserosa (ss), penetration of serosa (se), and invasion of adjacent
strucures (si). Abbreviations: RR, relative risk; Cl, confidence interval.
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Figure 2. Immunohistochemical analysis of FBXW7, c-MYC and cyclin E expression in CRC. In cases of high FBXW7 protein expression (a),
there was no detectable ¢-MYC (b) or cyclin E (c) protein expression in the same tissue section. In contrast, in the case of low FBXW7
protein expression (d), there was strong c-MYC (¢) and cyclin E (f) protein expression (x200 original magnification). [Color figure can be
viewed in the online issue, which is available at www.interscience.wiley.com.]

assay (Roche Diagnostics GmbH, Mannheim, Germany). Af-  incubation, 10 pL of MTT labeling agent (final concentration
ter 24 br incubation with siRNA, cells were seeded at 5 x 0.5 mg mL™") was added to each well. The microtiter plate
10* cells well™" in microtiter plates (96 wells, flat bottom) in  was incubated for 4 hr in a humidified atmosphere. Solubili-
a final volume of 100 L culture medium per well, in a zation solution (100 pL) was added to each well. The plate
humidified atmosphere (37°C and 5% CO.). After 72 hr was allowed to stand overnight in the incubator in a
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humidified atmosphere. After checking for complete solubili-
zation of the purple formazan crystals, spectrophotometric
absorbance of the sample was measured using a model 550
microplate reader (Bio-Rad Laboratories, CA), at a wave-
length of 570 nm corrected 655 nm. Each independent
experiment was performed three times.

Statistical analysis .

For continuous variables, data were expressed as the mean *
standard deviation. The relationship between FBXW7 mRNA
expression and clinicopathological factors was analyzed using
a 7 test and Student’s t-test. Overall survival curves were
plotted according to the Kaplan-Meier method and the gen-
eralized Log-rank test was applied to compare the survival
curves. All tests were analyzed using JMP software (SAS
Institute Inc., Cary, NC) and the findings were considered
significant for p values <0.05.

Results

Expression of FBXW7 mRNA in clinical tissue specimens
FBXW7 mRNA expression was examined in 93 CRC clinical
samples using reverse transcription-polymerase chain reaction
(RT-PCR) and real-time quantitative RT-PCR, with quanti-
fied values used to calculate FBXW7/GAPDH ratios. In these
samples, clinicopathological factors, including prognosis, were
available. The mean expression level of FBXW7 mRNA in tu-
mor tissue specimens was significantly lower than that of
nontumor tissue (p = 0.007) (Fig. 1a).

FBXW7 mRNA and clinicop al
characteristics

We divided the 93 CRC cases into two groups according to
the median tumor (7T)/normal (N) ratio of FBXW7 mRNA
expression level as determined above. Thus, 46 cases were
placed in the high FBXW?7 expression group and 47 cases in
the low FBXW?7 expression group. The association between
clinicopathological features and FBXW7 mRNA expression is
summarized in Table 1. In the low FBXW?7 expression group,
tumor invasion was significantly elevated compared to the
high FBXW?7 expression group (p = 0.02). Univariate analysis
identified FBXW7 expression, tumor invasion, lymph node
metastasis, lymphatic invasion and venous invasion as
prognostic factors for 5-year overall survival following
surgery. Variables with p values <0.05 by univariate analy-
sis were selected for multivariate analysis using Cox’s
proportional hazards model. FBXW7 expression [relative
risk (RR): 1.98, confidence interval (CI): 1.26-3.26, p =
0.003] was found to be a significant factor affecting five
year overall survival following surgery (Table 2). Analysis
of 5-year overall survival curves showed that patients in
the low FBXW7 expression group had a significantly
poorer prognosis than those in the high expression group
(p = 0.02) (Fig. 1b).
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Figure 3. Concordant loss of FBXW7 expression and copy number
alteration in the flanking region of FBXW7. There were 30 cases
with deletions and 100 cases without loss in CRC. The expression
of FBXW7 in the deleted cases was significantly lower than the
cases with wild type FBXW7 (p < 0.0001). (a) CGH signal intensity
(average log?2 ratio) according to Dukes staging classification. (b)
The ratio of copy number loss of FBXW7 increased along with the
progression of Dukes’ stage.

hemical d

ion of FBXW7, c-MYC and

cyclin E expression

Expression of FBXW?7 protein was evaluated by immunohis-
tochemistry of resected CRC specimens, using an anti-
FBXW7 antibody. When FBXW?7 protein was expressed at
high levels, expression of ¢-MYC and cyclin E protein was
below detection (Figs. 2a—c). This patient had a 5-year, recur-
rence-free survival after curative surgery despite the advanced
stage. In contrast, in cases of low FBXW?7 protein expression,
strong expression of ¢-MYC and cyclin E proteins was noted
(Figs. 2d—f). This patient died from peritoneal dissemination
six months after curative surgery. We examined the associa-
tion between FBXW7 and ¢-MYC or Cyclin E in serial
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Table 3. The copy number loss of FBXW7 and clinocopathological factors

Copy number

No abberant group

loss group (n = 30) (n = 100)
Factors n % n % p value
Age (mean *+ SD) 67.4 + 10.0 67.4 = 10.0 0.293
Sex 0.107
Male 13 43.3 60 60.0
Female . 17 56.7 40 40.0 .
Histological grade 0.439
Well 15 50.0 58 58.0
Moderately, poorly others 15 50.0 42 42.0
Size 0.157
>30 mm (small) 8 26.7 15 15.0
<31 mm (large) 22 76.3 85 85.0
Depth of tumor invasion® 1.000
m, sm, sp 24 80.0 80 80.0
s, se, si 6 20.0 20 20.0
Lymph node metastasis 0.049
Absent 11 36.7 57 57.0
Present 19 63.3 43 43.0
Lymphtic invasion 0.021
Absent 8 26.7 50 50.0
Present 22 73.3 50 50.0
Venous invasion 0.049
Absent 7 233 42 42.0
Present 23 76.7 58 58.0
Liver metastasis 0.098
Absent 24 80.0 91 91.0
Present 6 20.0 9 9.0
Peritoneal dissemination 0.683
Absent 29 96.7 98 98.0
Present 1 3.3 2 2.0
Duke’s stage 0.045
A B 10 333 54 54.0
C D 20 66.7 46 46.0

"Tumor invasion of mucosa (m), submucosa (sm), muscularis propria (mp), subserosa (ss), penetration of

serosa (se), and invasion of adjacent strucures (si).

sections of 71 cases by immunohistochemical study. Sev-
enty one CRC samples were divided into three groups
according to FBXW?7 protein level (high = 16, medium =
19 and low = 36). We compared the expression between
FBXW?7 protein and mRNA in 52 cases with high and low
FBXW?7 protein level. The expression level of FBXW7
mRNA in high FBXW?7 protein group (n = 16) is signifi-
cantly higher than that in low FBXW?7 protein group
(n=36) (Supporting Information 3a, p = 0.03). Further-
more, we found the significant inverse correlation between
FBXW?7 and ¢-MYC or cyclin E. (supporting information,

Fig. 3b: FBXW ws. ¢-MYC: r = —0.526, p < 0.0001,
FBXW?7 vs. cyclin E: r = —0.553, p < 0.0001).

Aberrations in FBXW7 copy number in CRC specimens

To clarify the cause of suppression of FBXW7 mRNA in
patients with poorer prognosis, we investigated copy number
aberrations of FBXW7 in 130 CRC specimens using laser
micro-dissection and CGH array. As shown in Figure 3a,
there was a significant correlation between expression of
FBXW?7 and copy number of the FBXW7 region (Fig. 3a)
(p < 0.0001). Therefore, loss of FBXW7 expression described

Int. J. Cancer: 126, 1828-1837 (2010) © 2009 UICC
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Figure 4. Effect of FBXW7 gene silencing on a colon cancer cell line. (@) FBXW7 mRNA in LoVo cells was suppressed by FBXW7 SiRNA as
confirmed by quantitative RT-PCR. (b) Expression of c-MYC and cyclin E proteins was enhanced by FBXW7 siRNA, as confirmed by Western
blot analysis. These proteins were normalized to the level of beta actin. (c) The proliferation rate of LoVo cells treated with FBXW7 siRNA
(dotted line) was significantly greater than that in control siRNA cells (unbroken line) and parent LoVo cells (broken line).

above was caused by genetic alteration in the flanking region
of FBXW?7. Figure 3b shows CGH signal intensity (average
log2 ratio) according to Dukes staging classification (Support-
ing Information, Fig. 1: heat map representation of copy
number aberration of FBXW7 according to Dukes staging
classification). Thirty cases (23.1%) had at least one copy
number aberration in all cases. The ratio of copy number
loss of FBXW?7 increased along with the progression of
Dukes' stage. The association between clinicopathological
features and the copy number of FBXW7 is summarized in
Table 3. In the copy number loss group, lymphatic invasion,
venous invasion and lymph node metastasis was increased
compared with the nonaberrant group (Table 3, p = 0.02,
p = 0.04 and p = 0.04, respectively). In addition, the copy
number loss group had more advanced cases compared with
the nonaberrant group (p = 0.04).

Effect of FBXW7 gene silencing on CRC cell lines

LoVo cells expressed FBXW7 mRNA at a high level as con-
firmed by RT-PCR. We examined whether suppression of
FBXW?7 would enhanced c-Myc and cyclin E protein expres-
sion, both of which are degradation targets of FBXW7. The
expression level of FBXW7 mRNA was suppressed by
FBXW7-specific siRNA as confirmed by RT-PCR analysis

Int. ). Cancer: 126, 1828-1837 (2010) © 2009 UICC

(Fig. 4a). We found that the protein expression levels of c-
Myc and cyclin E were enhanced by FBXW7-specific siRNA
as confirmed by Western blotting analysis (Fig. 4b). Further-
more, we evaluated the proliferation activity of LoVo cells
suppressed by FBXW7-specific siRNA using MTT assays. We
found that the proliferation rate in LoVo cells suppressed by
FBXW?7 siRNA significantly increased compared to that in
control cells (Fig. 4c). We demonstrated that similar
phenomena are found in Colo 201 (Supporting Information,
Fig. 5).

Discussion

In our current study, we found that FBXW7 mRNA gene
expression was significantly suppressed in human CRC tissue
compared to the corresponding normal tissue (p = 0.007)
and that the patients in the low FBXW?7 expression group
had a significantly poorer prognosis than those in the high
expression group (p = 0.02). We also examined how loss of
FBXW? contributed to cell growth.

We found that approximately 25% of patients with CRC
have a reduced copy number of FBXW7, and that the inci-
dence of genetic alteration was concordantly increased with
the progression of disease stage. Tsafrif ef al. and Lassmann
et al. previously reported that particular chromosomal
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regions and genes that are frequently gained and overex-
pressed (eg. 7p, 8q, 13q and 20q) or lost and underex-
pressed (e.g., 1p, 4, 5q, 8p, 14q, 15q and 18).">'¢ Our current
array-CGH data is consistent with their previous data
(Supporting Information, Fig. 2). Chromosome 4q, con-
taining the FBXW?7 gene, is deleted in various carcinomas
such as esophageal, gastric, and breast cancer.'”'® Rajago-
palan et al. previously reported that the deficiency of
FBXW?7 in CRC is assodiated with genetic instability."® The
mutations in FBXW7 in colorectal tumor have been found
in 6-8%.'”*° However, Kemp et al. suggested that muta-
tions in FBXW7 in colorectal tumor do not affect the chro-
mosomal instability and result in biallelic inactivation.?®
We found that FBXW7 was altered at the genetic level in
CRC as determined by LMD and CGH array. Our findings
that FBXW?7 gene copy number loss frequently occurred in
CRC may provide insight into how FBXW?7 function is
inactivated during cancer development.

The decrease of FBXW?7 expression gave rise to abnormal
accumulation of ¢-MYC and cyclin E protein.”’ MYC pro-
tein plays crucial roles in mitogenic and cell growth
responses and is commonly deregulated in cancers.”? Cyclin
E is a key component of the cell cycle machinery that is fre-
quently deregulated in cancer.”® Our current study indicated
that FBXW7 regulates c-MYC and cyclin E in vitro. In fact,
it appears that FBXW7 normally inhibits c-Myc and cyclin
E and thereby promotes exit from the cell cycle at G1-S
phase. Those findings suggest that FBXW7 may be a tumor
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suppressor gene and loss of the gene could prevent cells
from entering a quiescent state. Thus, it is possible that
introduction of FBWX7 gene or protein could force tumors
into dormancy.

According to Figure 3a, all CRC cases with genetic altera-
tions exhibited diminished FBXW?7 expression. However, 65
cases (65%) in Figure 3a showed loss of FBXW?7 expression
without genetic alteration. To explain this finding, we specu-
late theremay be epigenetic transcriptional regulation,* trans-
lational regulation by non-coding RNA or upregulation of
What/beta-catenin signals from interstitial niche cells associ-
ated with cancer cells.

In conclusion, multivariate analysis showed that FBXW7
expression in CRC is an independent prognostic factor for
five year survival following surgery. FBXW?7 may be useful as a
prognostic indicator in CRC. Cell cycle regulation by ubiquitin
ligase has potential in developing new targets in cancer therapy.
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Abstract

We here report a 43-year-old male patient with minute
liver metastases from a rectal carcinoid. Hepatic nodules
were diagnosed during surgery, although they were not
diagnosed by preoperative computed tomography or
ultrasound examination. The rectal carcinoid was resected
together with liver metastases and the patient has had
no disease recurrence for 5 years following postoperative
treatment of hepatic arterial infusion chemotherapy (HAIC)
using 5-fluorouracil (5-FU) and oral administration of
1-hexylcarbamoyi-5-fluorouracil (HCFU). In 2003, a health
check examination indicated presence of occult blood in
his stool. Barium enema study revealed a rectal tumor in
the lower rectum and colonoscopy showed a yellowish
lesion with a size of 30 mm in diameter. Pathological
examination of the biopsy specimen indicated that
the rectal tumor was carcinoid. Although preoperative
imaging examinations failed to detect liver metastases,
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2 min nodules were found on the surface of liver during
surgery. A rapid pathological examination revealed that
they were metastatic tumors from the rectal carcinoid.
Low anterior resection was performed for the rectal
tumor and the pathological report indicated that there
were 4 metastatic lymph nodes in the rectal mesentery.
The patient received treatment by HAIC using 5-FU plus
oral administration of HCFU and survived for 5 years.
We also review world-wide current treatments and their
efficacy for hepatic metastases of carcinoid tumors.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

It is reported that the incidence of liver metastasis from
gastrointestinal carcinoids is 16.7% (155 of 928) and the
mean life span is approximately 2 years once liver metastasis
is diagnosed'"™. With progress in treatments such as
hepatic-artery embolization, radio-frequency thermal
ablation, liver transplantation and others, the life span has
been improved recently”. We report here a case of rectal
carcinoid in a 43-year-old male with minute liver metastases
that were diagnosed during surgery although preoperative
computed tomography (CT) and ultrasonography (US)
examination did not detect them. We employed hepatic
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WBC 6830/pL AST 211U/L
RBC 506x10*/ uL ALT 211U/L
Hb 154 g/dL T.Bil 0.4 mg/dL
Ht 44.4% TP, 6.7g/dL
Plt 20.2x10"/pL Alb 39g/dL
CRP <0.2mg/dL
Na 140 mEq/L
K 42mEq/L CA19-9 <50U/mL
a 107 mEq/L CEA 1.0ng/mL
BUN 14 mg/dL
Cr 08 mg/dL Urine 5-HIAA 13mg/L

5-HIAA: 5-Hydroxy indole acetic acid.

arterial infusion chemotherapy (HAIC) using 5-fluorouracil
(5-FU) and systemic administration of the oral 5-FU
denivative 1-hexylcarbamoyl-5-fluorouracil (HCFU) as post-
operative adjuvant therapy. The patient eventually survived
5 years after surgery without disease recurrence. Although
the standard therapy for liver metastasis from carcinoid
tumors has not been established in the world, several
attractive strategies are currently provided, being reviewed
together in this report.

CASE REPORT

A 43-year-old male patient entered our hospital in March
2003 because of a positive occult blood test on his stool
samples. Through a barium enema study, a rectal tumor was
suspected. He presented no carcinoid syndrome symptoms
such as flushing, diarrhea, pellagra, cyanosis, and others.
The results of blood test and level of 5-hydroxy indole
acetic acid in the urine was within the normal range (Table 1).

Ter
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Figure 1 Preoperative colono-
scopy and image examinations.
A: Colonoscopy showed an elevated
yellowish lesion with a slight central
depression of which size was 30 mm
in diameter, in the lower rectum;
B: A tumor was present on the
right wall of the lower rectum by
computed tomography (CT) scan;
C: Abdominal CT failed to show any
obvious abnormalities in the liver; D:
No obvious lesions were detected in
the liver by ultrasonography.

Colonoscopy

Colonoscopy showed an elevated yellowish lesion in the
lower rectum of 30 mm in diameter and with a slight
central depression (Figure 1A). Pathological examination
of biopsy samples revealed that this was a carcinoid
tumor (data not shown).

Image examinations

CT scanning showed a tumor on the right wall of the
lower rectum (Figure 1B). Abdominal CT failed to show
any obvious abnormalities in the liver (Figure 1C). No
obvious lesions were detected in the liver by abdominal

US (Figure 1D).

Operation

During surgery, we perceived 2 min nodules through hand
palpation of the surface of left liver lobe (S2 and S3). The
nodules were hard and white and were both 2 mm in
diameter. A rapid pathological examination revealed that
the tumors were metastatic carcinoid (Figure 2A and 2B).
Other hepatic abnormalities were not detected by intra-
operative US. Low anterior resection of the rectum and
partial resection of the liver (S2 and S3) were performed.
The metastatic tumors were very small, indicating early
phase metastases, and it was therefore likely that other latent
metastases might be present in the liver. During surgery,
we made preparation to carry our HAIC as a post-operative
adjuvant chemotherapy, i.e. ligation of the right gastric
artery and cholecystectomy to prevent the side effects such
as gastric ulcer and cholecystitis, associated with HAIC.

Histopathological examination
Following staining of the primary rectal tumor with

March 27, 2010 | Volume 2 | Issue 3 |
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Figure 2 Histopathology of liver metastasis and primary
tumor. A: Histopathology of a hepatic nodule (Magnification:
X 20). A section was stained by hematoxiline & eosin (H&E)
solution; B: Magnified image of (A) (Magnification: < 100):
The tumor cells were and spherical, forming
ribbon-like structures, which was compatible with the
carcinoid tumor; C: Resected rectal tumor. A loupe image;

: Hi of the rectal tumor X 100):
i jcal features to that of liver i

Author n 5-year survival rate (%)  Ref. Author %
Chamberlain ef al (2000) 14 78 n HACE
Nave et al (2001) 21 48 [l Hajarizadeh et al (1992) 500 (4/8) 5-FU -
Norton et al (2003) 13 77 Ll Ruszniewski et al (1993) 333 (6/18) DOX L]
Sarmiento ef al (2003) 120 62 L Therasse et al (1993) 352(6/17) DOX Ll
Kim et al (1999) 25.0 (4/16) CDDP, DOX .
Roche et al (2003) 428(6/14) DOX L
Total 35.6
(26/73)
HAE
Carrasco et al (1983) 833 (5/6) -
Author n 5-year survival rate (%) Ref. H: t al (1989) 714(5/7) )
Le Treut et al (1997) 15 69 9 Moertel ef al (1994) 69.6 (16/23) m.
Lehnert (1998) 36 50 m. Wangberg et al (1996) 425 (17/40) el
Coppa et al (2001) 9 70 = Eriksson et al (1998) 37.9 (11/29) L
Loewe et al (2003) 727 (16/22) o
Total 5.1
1
hematoxiline and eosin, histopathological ination ke

showed homogeneous spherical cells, forming ribbon-like
structures, compatible with the carcinoid tumor (Figure 2C
and D). The tumor penetrated into the muscular propria
without evidence of venous invasion or lymph duct inva-
sion. There were 4 lymph node metastases within the rectal
mesentery.

Post-operative adjuvant therapy

On the 35th day after surgery, a catheter was inserted from
the left subclavian artery and the tip was set along common
hepatic artery by the radiologists. HAIC using 5-FU started
via the subcutaneous port. A dose of 1250 mg 5-FU was
administered every week, and a total of 21 HAICs were
petformed. In addition, oral 5-FU, HCFU (Carmofur:
300 mg/d) was administered for one and half years as the
lymph node metastases were positive. The patient was alive
after 5 years without disease recurrence.

Ter
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HACE: Hepatic arterial chemoembolization; HAE: Hepatic arterial
ization, CR: Complete PR: Partial CDDP:
cisplatin; DOX: Doxorubicin; HAIC: Hepatic arterial infusion chemotherapy.

DISCUSSION

The 5-year survival rate of colorectal carcinoid is 72%-98%.
However, once distant metastasis occurs the prognosis
becomes poor™. In cases with liver metastasis, the 5-year
survival rate is reported to be 19%-38%"". In Japan,
most colorectal carcinoids are located in the rectum,
mainly within 10 cm from the dentate line (80% of
rectal carcinoids)"”. Carcinoid tumors originate from the
endocrine cells that produce certain amines and peptides.
These cells are originally located in the deep mucosa.
Once neoplastic changes occur, the tumor looks like a
submucosal one following expansive growth.

March 27, 2010 | Volume 2 | Issue 3 |
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Age (yr)/ Agents Combined therapy Effects Ref.
Gender 5FU MMC ADM CDDP MTX VP16 FAR
69/M o o o - PR ]
70/F o 0 - IR -
2/M o 0 PR L
65/F ° ° R PR ™
56/M o 5-FU CR ]
52/M o o DSM PR L
42/F o MTX + 5-FU CR )
3 cases 0 o DSM PR )
68/M B o - PR W)
57/M 0 o 0 DSM PR b
49/F o - CR L
5-FU: 5-Fluorouracil; MMC: Mitomycin; ADM: Adriamycin; CDDP: Cisplatin; MTX: VP16: FAR: F: DSM: D
starch mi CR: Complete resp PR: Partial response; IR: Incomplete response.

With deeper invasion, the metastatic rate becomes
correspondingly higher. The most frequent metastatic sites
are lymph nodes and liver, followed by bone and lung It is
reported that the frequency of lymph node metastasis was
0% when the tumor is localized in mucosa, 5.3% in T1,
53% in T2 and 85.7% in T3". Saito e a/'” also reported a
relationship between tumor size and incidence of lymph
node metastasis. When the tumor diameter is 6 to 10 mm,
the metastasis rate is 0.7%, 11-15 mm: 23%, 16-20 mm:
55.6%, and > 21 mm: 66.7%.

There is a report that even 5mm-sized primary carci-
noid tumor cause liver metastasis suggesting that a detailed
examination of liver is essential before surgery". US and
CT scans are both standard modalities for detection of
liver metastasis. Chiti 7 a/'? reported that the diagnostic
sensitivity and specificity was 82% and 92%, respectively
for US, and 73% and 93% for CT scans. In the case of
the current patient with 2mm-sized liver metastatic lesions,
preoperative abdominal US and CT failed to detect them,
although such minute nodules could be easily perceived
by hand palpation owing to their solidity. Therefore, intra-
operative palpation of the liver surface is particularly
important and should be done very carefully.

If the liver metastases are completely resected, surgery
is the most effective therapy. The surgical indications
include uni-lobar hepatic metastases, and multiple
tumors expanding to both hepatic lobes with assurance
of complete respectability based on good liver function.
However, as approximately 90% of hepatic metastases are
found to be multiple lesions in both hepatic lobes, complete
tesection is a rare event in practice”. The efficacy of
hepatic resection for the gastrointestinal carcinoid tumors
is summarized in Table 27,

Liver transplantation is an alternative treatment and
widely adopted in patients with liver metastases from
carcinoid tumors. The 5-year overall survival rate ranges
from 50%-70% (Table 3)"**". Lehnert™” reported that the
5-year survival rate was 50% in 36 patients undergoing
liver transplantation. He pointed out that the patients
with extra-hepatic disease worsened the whole prognosis.
Coppa et a/*” proposed that selection of patients with

Tes
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non-resectable metastastic neuroendoctine tumors for
liver transplantation should be petformed based on the
Milan criteria: young patients < 50 yeats with confirmed
by histology, with < 50% of the liver replaced by
metastases, with a primary tumor (originating from the
gastrointestinal tract) drained by the portal venous system,
an absence of extrahepatic disease and stable disease
during the pretransplantation period. They reported that
the selected 9 cases who satisfied the criteria had a 70%
5-year overall survival rate and a 53% 5-year disease free
survival rate.

Treatments by somatostatin analogues, such as inter-
feron and octreotide have been reported. According to
the findings, tumor shrinkage was a rare event although
the systemic symptoms due to the catrcinoid tumor were
lessened”™ ™.

Since liver metastases from carcinoids display an abun-
dant tumor vascularity, hepatic arterial chemoembolization
(HACE) or hepatic arterial embolization (HAE) are
employed in western countries. The efficacy of HACE,
in which doxorubicin is often used as a principal drug, is
25%-50% (Table 4, upper column)™*". Partial response
or complete response) cases were reported with HACE
treatment. On the other hand, HAE was able to achieve the
higher efficacy of 70%-80%, and appeats to confer better
therapeutic effects than HACE as a whole (Table 4, the
lower column)™**),

In Japan, HAIC is often used™. As shown in Table 5%,
continuous 5-FU infusion accompanied by other chemo-
therapeutic drugs is the basic treatment scheme and
conferred favorable effects. Based on these reports, we
employed HAIC using 5-FU infusion for the current case.
Recently, degradable starch microspheres (DSM) have also
been used in combination with HAIC"***, The anti-
tumor efficacy when using DSM is attributed to transient
obstruction of hepatic artery and subsequent blood
reperfusion, which causes high local concentration of
chemo-agents during the early phase and induces free radical
oxygen as a late effect™.

As well for primary hepatocellular carcinoma, radio-
frequency ablation (RFA) therapy is also applicable to

March 27,2010 | Volume 2 | Issue 3 |
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liver matastatic lesions from carcinoid tumors. The most

French multicentric report. Ann Surg1997; 215 355-364

appropriate application is in cases where tumor size is less 19 LehnertT. Liver tran: for ’ e
than 3 cm in diameter. Hellman ef o/ reported that RFA ;g:;_‘;‘;‘;‘; an analysis of 103 patients. Transplantation 199%; 66;
treatment was performed in a group of 21 patients witha 20 Coppa J, Pulvirenti A, Schiavo M, Romito R, Collini P, Di
total of 43 carcinoid metastatic liver nodules. Therapeutic Bartolomeo M, Fabbri A, Regalia E, Mazzaferro V. Resection
efficacy was observed in 15 patients, including 4 cases who versus . li s 20f§11’ ;;.:3537 i from docrine
o : tumors. mnsp 'roc
attained complete ablation. 21 di Bartolomeo M, Bajetta E, Buzzoni R, Mariani L, Carnaghi C,
Somma L, Zilembo N, di Leo A. Clinical effxcacy of octreotide
in the of docrine tumors. A study
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Multidetector Computed Tomography for Preoperative Prediction of
Postsurgical Prognosis of Patients with Extrahepatic Biliary Cancer
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Background: Preoperative prognostic information to select a treatment strategy is important especially in patients who need highly aggressive
surgery, such as those with biliary cancer. We eval various prognostic factors and tive surgical factors using multidetector computed
tomography (MDCT).

Methods: We retrospectively analyzed 71 patients who underwent MDCT preoperatively and were scheduled for surgical resection of biliary
cancer. For MDCT diagnosis, we used MDCT-based classification equivalent to the surgical and pathological classification of the Japanese
Society of Biliary Surgery. We evaluated MDCT-related prognostic factors and non-curative surgical factors and compared these factors with
pathological results.

Results: MDCT-diagnosed category T (primary tumor invasion) included both prognostic factors and non-curative surgical factors but not
category N (lymph node metastasis). Multivariate analysis identified MDCT-based suspected arterial invasion as an independent prognostic factor.
In patients suspected of arterial invasion by MDCT, the 3-year overall survival rate was only 39% and the curative resection ratio was only 33%,
because of the high positive surgical dissected margin.

Conclusion: MDCT-based suspected arterial invasion is a predictor of poor prognosis after surgery for biliary cancer and represents a non-
curative surgical factor d with positive d d margin.

J. Surg. Oncol. 2010;101:376-383. © 2010 Wiley-Liss, Inc.
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INTRODUCTION

At present, complete resection is one of the most effective
treatments for local extrahepatic biliary cancer. The indication and
selected type of surgery are based on the results of various imaging
studies; however, the rate of curative resection according to the
Japanese Society of Biliary Surgery (JSBS) has not exceeded 80%
[1,2]. On the other hand, the d of multid:
tomography (MDCT) allowed establishing accurate diagnosis, espe-
cially in vertical extension [3], that is, invasion of the hepatic artery or
portal vein. Okumoto et al. [4] reported the relationship between CT
images of biliary tract tumors and histopathological invasion.

The resection procedure for biliary cancer is often aggressive.
Therefore, understanding the preoperative factors that influence
prognosis and curative resection might help in the selection of
appropriate surgical strategy and avoid unnecessary surgery, which
could ultimately improve prognosis. Based on the above reasons, we
evaluated the prognostic factors in MDCT-based preoperative
diagnosis in patients who were planned for curative resection. For
the evaluation, we established criteria for MDCT-based diagnosis
based on the surgical criteria of JSBS [1], which were also closely
related to the CT-based diagnostic criteria recommended by Okumoto
ct al. [4]. This approach stemmed from the lack of appropriate criteria
for MDCT-diagnosis that correlate with the surgical and pathological
classifications. Analysis of preoperative MDCT data could provide
a better prediction of prognosis, to select appropriate treatment,

cluding surgery and neoadj therapy.

Previous studies reported the relationship between diagnosis by
MDCT and pathological diagnosis [4-13] in about 20 patients;

© 2010 Wiley-Liss, Inc.

however, there was no data for the respectability and/or the prognosis
related to MDCT diagnosis. Recently, another strategy for biliary
cancer, other than surgery, for example, chemotherapy with or without
irradiation, has been tested. Information on the curative resection rate
and prognosis of patients scheduled for surgery are important for any
decision on treatment strategies. In the present study, we evaluated the
prognostic and non-curative surgical factors among MDCT-related
factors in cases planned for surgery.
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emission tomography; fStage fum] stage; JSBS, Japanese Society of Exhary
Surgery; MDCT, hy; MRI,
resonance nmagm 0S8, overall turvwal rate; PTPE, percutaneous trans-
hepatic portal vein embolization; gPCR; quantitative polymerase chain
reaction; SUV, standardized uptake values.
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Fig. 1. Schematic diagram of MDCT-based diagnosis of invasion in
biliary cancer. Gray open circle: biliary duct with cancer, white closed
circle: enhanced vessels by contrast media. (1) Doubtful invasion:
suspected cancer of the biliary duct attached to the vessel at a single
point without space. (2) Definite invasion: suspected cancer of the
biliary duct widely attached to the vessel; the latter shows no narrowing.
(3) Severe invasion: suspected cancer of the biliary duct apparently
invading the vessel and the vessel shows narrowing or obstruction.

PATIENTS AND METHODS

MDCT Criteria for Diagnosis and Rules for
Classification of Cholangiocarcinoma

In this study, we used JSBS general rules for classification of biliary
cancer: Surgical and Pathological Studies on Cancer of the Biliary
Tract (Sth edition) [1] to establish our criteria for MDCT diagnosis
(Figure 1 and Table IA). These criteria were closely related to the CT
diagnostic criteria of Okumoto et al. [4] for vascular invasion. The
schematic diagram in the Figure 2 illustrates our classification of
invasion and comparison with JSBS classification for surgery and
pathology as well as the CT classification used by Okumoto et al. [4].
As example, we showed JSBS classification of extrahepatic bile duct
cancer in Table IB.

Patients

We retrospectively analyzed all 71 patients who underwent MDCT
preoperatively and who were scheduled for surgical resection up to
2007 at our institution. Table II shows the clinicopathological features
of these patients. The median follow-up period was 18.4 months

MDCT in Biliary Cancer

377

Fig. 2. Representative figure of CT-A. The figure showed the tumor
(BDC) closely attached to the right hepatic artery (RHA). A: CT-Al,
B: CT-A2.

(range, 0.3-96.7), and during this follow-up period 27 (38.0%)
patients died. All patients received regular follow-up with abdominal

CT and measurement of serum carcinoembryonic antigen (CEA)
every 3 months in the first 2 years and every 6 months later after

TABLE IA. Diagnostic Criteria for Preoperative MDCT, Based on JSBS Surgical Criteria

JSBS classification

CT criteria of

Our MDCT criteria Okumoto et al. [4]

Invasion of the hepatic artery (A) or portal vein (PV)

0: No invasion 0

1: Doubtful invasion Main tumor attached to the vessel la

2: Definite invasion Between 1 and 3 1b, 2
Severe invasion (narrowing or obstruction) Main tumor clearly invading the vessel 3,4

Invasion of the liver (Hinf), biliary duct (Binf), and gall bladder (Ginf), pancreas (Panc)

0: No invasion
1: Doubtful invasion

Main tumor attached to the liver

2: Definite invasion. but around the primary tumor Main tumor clearly invading the liver

3: Severe invasion but around the primary tumor
Invasion of the serosa

0: No invasion

1: Doubtful invasion

2: Definite invasion

3: Invasion of other organs
Lymph node metastasis

0: No evidence of lymph node metastasis

1: Lymph node metastasis

Main tumor severely invading the liver

Main tumor attached to the serosa
Between 1 and 3
Main tumor invading other organs

Major axis <1cm
Major axis >1cm

Journal of Surgical Oncology
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TABLE IB. JSBS Classification in Extrahepatic Bile Duct Cancer

T category (pathological T category (pT)), primary tumor invasion

(P)T1 S0 (m, fm)  (p)Hinf0 (p)Panco (p)PVO (p)AO
(P)T2 S1 (ss) Hinfl (pHinfla) Pancl(pPancla)  (p)PVO (p)AO
(p)T3 S2,3 (se) Hinfl (pHinflb) Pancl(pPanclb) (p)PVO (p)AO
(p)T4 Any (any) (p)Hinf 2,3 (p)Panc 2,3 PPV123 (A123

S, Hinf, Panc, PV, A were abbreviated at table 1A.

N category (lymph node metastasis groups)

N1: lymph node around the extrahepatic biliary duct.

N2: lymph node in the hepatoduodenal ligament, around common hepatic artery, and

around superior retropancreas.

N3: the other lymph node around pancreas than N1 and N2, lymph node around celiac

artery, and paraaortic lymph node.

Surgical stage (sStage) and final stage (fStage)

30, P, k) H1,2,3 P1.2,3, M(+)
(pNo (N1 (p)N2 (p)N3
T
T3 IVa Vb
(p)T4 1Va
Final curability (fCur)
H P pN-D  pDM  pHM  pEM M
fCur A Ho PO pN<D pDMo pHMO pEMO M)
fCur B Other than fCur A and fCur C
fCur C H1,2,3 PL23 pN>D pDM2 pHM2 pEM2 M)

HO=no evidence of liver metastasis; H1 =metastasis limited to one lobe; H2=a few metastases to both lobes;
H3 = numerous metastases to both lobes; PO=no evidence of peritoneal is; P1= is (o the peri
adjacent to extrahepatic bile ducts; P2 = a few metastases to the distant peritoneum: P3 = numerous metastases to the distant
peritoneum: M = distant metastasis other than peritoneal and/or liver pN = hi ical lymph node i
D =lymph node dissection; pDM = distal (duodenal) cut end; pHM = proximal (hepatic) cut end; pEM = dissected
periductal structure; pDMO, pHMO, pEMO = cancer-free margin of more than Smm in width; pDMI1, pHMI,
PEM1 = cancer-free margin of 5 mm or less in width; pDM2, pHM2, pEM2 = definite invasion of each surgical margin.

surgery. Eight (11.3%) received adjuvant therapy (five chemotherapy
that included two on gemcitabine and three radiotherapy). Recurrence
developed in 27 (38.0%) patients and 13 were treated with gemcitabine,
while 2 received radiotherapy.

MDCT Imaging

MDCT was performed either with a LightSpeed Qxi scanner (GE
Medical Systems, Waukesha, WI), a LightSpeed VCT scanner (GE
Medical Systems) or with an Aquilion 64 scanner (Toshiba Medical
Systems, Tokyo, Japan) using a tube voltage of 120kV, a tube current
of 300 mA, and a rotation time of 0.5 sec. Images of at least 0.625-mm
slice thickness were used for evaluation. Contrast-enhanced multi-
phasic CT images were acquired at 10sec after the peak aortic

Journal of Surgical Oncology

enhancement (arterial phase), followed by the portal venous phase and
hepatic venous phase for the upper abdomen. Non-ionic contrast
medium (300 mg/ml iodine) was administered intravenously at a rate
of 2—4 ml/sec using a power injector.

CT-Based Staging

All CT images were used for staging. At least two radiologists
or surgeons staged the disease preoperatively, according to the above
classification, using preoperative MDCT. Trans-ampullary biliary
drainage was performed in 22 (31.0%) patients during MDCT. We
evaluated the invasion of the primary tumor into the hepatic artery
(CT-A), portal vein (CT-PV), serosa (CT-S), and adjacent organs
(liver. gall bladder from the bile duct. bile duct from the gall bladder,
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TABLE II. Clinie
Their Survival Rate

Features of Partici Patients and

3-year overall

N survival rate (%) P
Age (years)
> 43 48 0.3541
<65 28 64
Sex
Male 43 48 0.3402
Female 28 67
Diagnosis
Extrahepatic bile duct 40 50 0.3885
Gall bladder 22 54
Ampulla of Vater 9 76
pT
1213 29 71 0.0009
4 29 35
PN
o0n 41 59 0.0853
273 24 42
fStage
1/2/3 23 78 0.0006
4alb 35 6
fCur
A/B 49 63 0.0105
C 22 32

and pancreas) and decided on the T category (CT-T) using JSBS
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prepared for each 5-mm serial section along the axial length of the
biliary tract. The pathological diagnosis was compared retrospectively
with CT-based diagnosis. For example, pathological invasion of the
hepatic artery was abbreviated as pA, and pAl, pA2, pA3 indicated
invasion of the adventitia, media, intima, and/or lumen of the hepatic
artery, respectively.

MDCT in Biliary Cancer

Statistical Analysis

Overall survival (OS) rates were calculated by the Kaplan—Meier
method and differences in CT-diagnosis factors were tested by the log-
rank test. Differences in the curative resection ratio and the relationship
between CT-N and pathological lymph node metastasis were analyzed
by the Student’s rtest or chi-square test. Multivariate analysis
was performed using Cox proportional-hazards regre\smn model. A
P value of <0.05 was idered icall The statistical
software used was StatView J-5.0 software (SAS, Cary, NC).

RESULTS

Patients Survival Rate According to
Pathological Diagnosis

Table 11 also shows patients survival according to pathological
diagnosis. The OS rate at 3 years was 54.3%. The curative resection
ratio (fCurA and B) was 69%. The pathological prognostic factors
were T category (pT), final stage (fStage), and final curability (fCur)
similar to other patients with biliary cancer, except for a trend in

classification for surgery. After evaluation of lymph node is by
MDCT (major axis >1cm was considered positive, CT-N) we judged
the CT-based stage (CT-stage).

Pathological Diagnosis

Parholnglca] dlagnom was based on JSBS classification. For
gical ion, 6-um paraffi bedded sections were

TABLE III. MDCT Staging and Prognosis

pathol 1 lymph node is (pN, P =0.0853).
Overall Survival Rate According to
MDCT-Based Diagnosis
Based on the above classification for preoperative MDCT-
diagnosis, CT-staging was performed and the CT-stage-dependent
survival was calculated (Table II1). There was a significant difference

Univariate Multivariate
3-year overall
n survival rate (%) P Hazard ratio 95% CI P
CT-T
T1723 33 75 0.0050
T4 38 36
CT-N
NO/1 48 63 0.6052
N2/3 23 43
CT-Stage
Stage 1/2 26 79 0.0649
Stage 3/4a 30 51
Stage 4b 15 26
CT-A
A0 41 67 0.0163 2.625 1.176-5.848 0.0184
A1/273 30 39
CT-PV
PVO 51 56 0.4082
PV1/2/3 20 51
CT-S
S0 10 62 0.2350
S1 29 49
S2/3 10 23
CT-Hinf/Ginf/Binf/Panc
0 47 62 0.0492 2.077 0.966-4.467 0.0614
1 9 56
273 15 28
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TABLE IV. MDCT Staging Rate for fCurA/B Resection

Kobayashi et al.

Relati,

hip Between MDCT-Based Diagnosis

n fCurA/B Rate (%) P and Pathological Diagnosis
CT-T We compared the relationship between MDCT-based diagnosis and
12/3 33 28 85 0.0072 pathological diagnosis based on JSBS classification for histopatholo-
4 38 21 55 gical findings. To estimate lymph node metastasis (N category), we
CT-N used the lymph node metastasis groups (Table VI). Twenty-four of
o “ 33 B 02701 65 (37%) were diagnosed as CT-N-positive, while 31 (48%) were
! 4 2 50 pathologically positive. However, there was no relationship between
2 16 9 56 H N -
CT-Stage CT-N and pathological N (pathological lymph node metastasis,
1”2 2% 2 85 <0.0001 P =0.6631, Table VI).
3/4a 30 20 67 On the other hand, in T category, we compared CT-A factor (hepatic
4b 8 0 0 artery invasion), which correlated with OS and the curative resection
CT-A ratio, with pathological diagnosis (pA, Tables V11 and VIII). For factor
0 41 35 85 0.0017 A calculated for the whole biliary cancer (bile duct, gall bladder, and
1 24 12 50 ampulla cancer), CT-A was positive (CT-A 1/2/3) in 12 patients among
273 6 2 33 41 fCur A/B patients (29%), whereas pathological A (pA) was positive
CrP in only a single CT-Al patient. One patient classified as CT-A3
0 51 39 76 0.0836 s % N <
1 13 6 6 (ipsilateral artery of the resected liver) had no pathological invasion of
23 7 4 57 the hepatic artery. On the other hand, in fCur C patients, 13 of 16
CTS patients (81%) were CT-A positive (CT-A1/2/3), and 2 of these patients
0 10 9 90 0.0594 were classified pathologically to have arterial invasion (pA2). Three of
1 29 16 55 these patients were CT-A2 or CT-A3 of ipsilateral artery of the resected
10 4 40 liver; however, they were negative for pathological arterial invasion.
CT-Hinf/Ginf/Bin{/Panc Furthermore, for hilar biliary cancer, hepatic artery invasion was
o 47 34 72 0.6583 more closely related to curative resection. We also analyzed the
;/3 1? g 2(7) correlation between liver resection with contralateral hepatic artery
ion and pathol 1 di is (Table VIII). The contralateral
hepauc anery ruecuon was performed in two patients and their
for al hepatic artery invasion was

in OS rate between CT-T 1/2/3 and CT-T 4 (3-year OS rates: 75% and
36%, respectively, P=0.0050). However, there was no significant
difference in OS rate based on CT-N. For category T, CT-A and
invasion of adjacent organs correlated with prognosis, and multivariate
analysis identified CT-A as the only independent factor related to
prognosis (hazard ratio =2.625, P=0.184). The 3-year OS rate of
patient with CT-A (CT-A 1/2/3) was 39%.

Curative Resection Rate in MDCT-Based Diagnosis

We also calculated the curative resection rate (rate of fCur A and B
in JSBS classification) (Table IV). fCur A or B is defined as
pathologically negative margin and wider lymph node dissection than
pathological metastasis; in other words, RO resection. CT-T correlated
significantly with the curative resection ratio (P=0.0072). The
curative resection rate for CT-T4 was only 55%. For category T,
curative resection correlated with only CT-A, and the curative resection
rate for CT-A 2/3 was 33% (P=0.0017).

We also analyzed the reasons for non-curative resection (fCur C,
Table V). The major reason for non-curative resection in patients
with CT-AO was lymph node metastasis. In contrast, approximately
70% of patients with CT-A 1/2/3 have pathologically positive

negative. Invasmn of the hepatic artery was diagnosed pathologically
in two of CT-Al patients and these were ipsilateral hepatic artery of the
resected liver. The pathological positive rate was 11% (2/18).

DISCUSSION

In this study, we evaluated MDCT-based prognostic factors using
surgical and pathological classification-related criteria. For discussion
of MDCT diagnosis, one should separately evaluate the three different
components of tumor factors in biliary cancer: vertical extension
(T category), horizontal extension, and lymph node metastasis
(N category). We herein discuss CT-staging related factors: T and
N category, excluding horizontal extension.

For the T category, CT-A 1/2/3 was both a prognostic factor and
non-curative surgical factor. This factor did not correlate with
pathological arterial invasion but was dissected margin-positive.
Previous studies have not provided clear definition criteria for CT
diagnosis of vascular invasion. Only Okumoto et al. [4] reported the
relationship between MDCT and pathological diagnosis, and their
criteria 1b (our CT-A2/3) correlated with pathological invasion of the
right hepatic artery. In our study, only six cases were classified as CT-
A2 (Okumoto s 1b) and the data nn these patients could not define a

surgical margin and 45% of these patients had a positively di
margin (Table V).

TABLE V. Reasons for fCurC in MDCT-A Status

clear rel. hip with the pathol On lhe other hand,
24 cases were d d as CT-Al and hi h ion

CT-A n fCurC (%) Margin (+)* Dissected margin (+)°
0 41 6 (15%) 0/6 (0%) -
123 30 16 (53%) 11/16 (69%) S/11 (45%)

“Pathologically positive surgical margin at hepatic, duodenal, or dissected periductal structures.
"Pathologically positive surgical margin at dissected periductal structures at least.
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