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Table III. List of 44 down-regulated proteins in CRC tissues and trancriptomic expression data.

Down-regulated proteins in CRC tissues Symbol Entrez Average of 12 Average of 180
GeneID  CRCs Log,T/N CRCs Log,T/N
ratio - proteomics ratio - transcriptomics
ol acid glycoprotein ORM1 5004 1.19 -0.29
ADP ribosylation factor like 10C ARLSB 55207 -0.97 -0.06
Aldehyde dehydrogenase 2 ALDH2 217 -0.84 -0.05
ATP synthase, H* transporting, ATP5H 10476 -144 -0.57
mitochondrial FO complex, subunit d
ATP binding cassette transporter ABCA12 26154 -1.09 -0.18
subfamily A member 12
Calreticulin CALR 811 -0.54 0.11
Carbonic anhydrase II CA2 760 -1.90 -2.65
Carbony! reductase 1 CBR1 873 -0.60 0.05
Cathepsin S CTSS 1520 -0.81 -0.77
Collagen type 12 a-1 COLI2A1 1303 -0.69 0.23
Creatine kinase-B CKB 1152 -0.67 -1.58
Cysteine rich protein 1 CSRP1 1465 -0.92 -0.13
Dynein light chain 1 DYNLLI 8655 -0.89 -0.04
Endoplasmic-reticulum-lumenal protein 29 ERP29 10961 -0.72 -0.16
Endoplasmic-reticulum-lumenal protein 46 TXNDC5 81567 -1.10 -0.35
Enoyl CoA hydratase 1 ECHSI 1892 -1.18 -0.44
Eukaryotic translation elongation factor 2 EEF2 1938 -0.95 027
Eukaryotic translation initiation factor 3 subunit 6 EIF3S6 3646 -1.61 0.27
FHL1 (skeltal muscle LIM-protein) FHL1 2273 -1.16 -0.37
Gelsolin isoform a GSN 2934 -0.98 -0.68
Glucosamine-fructose-6-phosphate aminotransferase 1 GFPT1 2673 -0.83 -0.19
GTP-binding protein Rabl RABIA 5861 -0.64 -0.46
Haptoglobin HP 3240 -1.04 -0.10
Heterogeneous nuclear ribonucleoprotein A2 /Bl HNRPA2BI1 3181 -0.72 0.02
Hydroxymethylglutaryl-CoA synthase, mitochondrial HMGCS2 3158 -144 -0.94
Isocitrate dehydrogenase 1 IDHI 3417 -2.91 -0.57
JMS protein WDR45 11152 -0.64 025
Major vault protein MVP 9961 -0.56 -0.14
Myeloperoxidase MPO 4353 -0.55 -0.04
Myozenin 3 MYOZ3 91977 -0.73 -0.22
NADH Ubiquinone oxidoreductase subunit B13 NDUFA5 4698 -1.15 -0.50
Normal mucosa of esophagus specific 1 Cl150rf48 84419 -1.34 -1.88
Olfactomedin 4 OLFM4 10562 -0.61 -049
Phosphoenolpyruvate calboxykinase 2 PCK2 5106 -0.68 -0.55
Phosphoglycerate mutase 1 PGAM]1 5223 -1.59 -0.02
Proline arginine-rich end leucine-rich repeat protein PRELP 5549 -140 -0.12
Protein kinase C and casein kinase substrate in neurons 2 PACSIN2 11252 -0.66 -0.16
Pyridoxine 5-prime-phosphate oxidase PNPO 55163 -1.72 -0.11
Ras associated protein Rab5SB RABSB 5869 -0.70 -0.11
Retinoblastoma binding protein 4, 7 RBBP4/RBBP7 5928/5931 -0.70 0.02
Succinate dehydrogenase complex, SDHA 6389 -0.71 -0.35
subunit A, flavoprotein
Transferrin TF 7018 -0.85 -0.11
UDP-glucose dehydrogenase UGDH 7358 -0.83 -1.03
Valosin containing protein VCP 7415 -0.95 -0.09
Villin 1 VIL1 7429 -2.18 -0.30
Discussion global scale transcriptomics and proteomics data can provide

The recent availability of platform technologies for high
throughput transcriptomics and proteomics has led to inte-
grated approaches to cancer research. Integrated analysis of

important insights into the biological mechanisms underlying
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complex physiological processes (19). However, it is difficult
to accurately evaluate their correlation using the conventional
correlation coefficient analysis, which deals with a fold change
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Figure 3. Enrichment plots for (A) 53 up-regulated proteins and (B) 44 down-regulated proteins in 12 CRC tissues. Top, the running enrichment score for the
protein set, as the analysis sweeps through the entire ranked list organized on the basis of their magnitude of differential gene expression in 180 CRC tissues.
The score at the peak of the plot is the enrichment score (ES) for the protein set. Middle, members of the protein set appear in a ranked list of genes. Bottom,

the value of the ranking metric along the list of ranked genes.

Table IV. Significantly enriched genomic pathways of the KEGG database.

KEGG pathways Size NES NOMP-val FDR g-val NBS up-regulated proteins
ECM receptor interaction 73 244 <0.001 <0.001 HSPG2, VTN
Ribosome 59 240 <0.001 <0.001 RPL13,RPL27A,RPLA4,RPS18, RPS29
Cell communication 99 213 <0.001 <0.001

Focal adhesion 167 197 <0.001 0.003 VTN, ZYX
Toll-like receptor signaling pathway 78 178 <0.001 0.028

RNA polymerase ~ 18 176 0.006 0.029

Cell cycle 100 1.67 0.004 0.068

Proteasome 22 165 0.023 0.071 PSMD3

WNT signaling pathway 117 1.56 <0.001 0.120

Aminoacyl-tRNA biosynthesis 36 147 0.040 0225

Folate biosynthesis 36 142 0.050 0245

Cytokine cytokine receptor interaction 187 142 0.014 0232

GSEA was performed using gene sets from KEGG database. List of the top 12 gene sets enriched in the ranked gene list of 180 CRCs with
nominal P-value <0.05. The gene list is sorted by FDR g-val in ascending order. ES; enrichment score, NES; normalized enrichment score,

FDR; false discovery rate.

level in individual gene and protein expression. Most recent
studies have either failed to find a correlation between protein
and mRNA abundance (6) or have observed only a weak corre-
lation (9,12). The reason is that the correlation between protein
abundance and mRNA expression level depends on various
biological processes and technical factors. With regard to
biological processes, transcription and translation do not have
a linear and simple relationship (20). Regulatory proteins and
sRNASs also act as translational modulators (21). The half-live
of an individual protein and the protein turnover are undoubt-

edly influencing the correlation between mRNA and protein
expression to a considerable degree (22).

In this study, we assumed that development of a sophisticated
statistical approach was essential to overcome these limitations.
To assess the correlation between mRNA and protein expres-
sion, we tried the novel approach of GSEA that deals with entire
genes represented by an array as ranked gene list ordered by
phenotypic correlation (14,23). As expected, the conventional
Spearman rank coefficient showed only a weak correlation. In
GSEA, when differentially expressed proteins were treated as
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a collective set, significant concordance was observed with
primary tumor gene expression data.

In the present study, NBS method also plays a role in
improving the precision of correlation analysis. This method is
based on stable isotope labeling of tryptophan residues by NBS
reagents. As previously described (15,24), this novel method
has two major advantages: it reduces the number of peptides
by selecting NBS-labeled tryptophan-containing peptides
from bulk tryptic digests and a special matrix is used for
MALDI-TOF MS measurements that can detect NBS-labeled
peptides with high sensitivity. Therefore, this method could
improve proteome mining by increasing the dynamic range
of detection, and it shows potential for quantitative proteome
analysis (25,26).

As a following step, GSEA enabled us to identify 12
potentially regulated genetic pathways in CRC. Cell-ECM
(extracellular matrix) interaction is an essential mechanism
in several biological processes, such as cell proliferation,
migration, differentiation, apoptosis, as well as carcino-
genesis (27,28). CRC cells invade the stroma as coherent cell
nests instead of single cells (29,30). Of the molecules within
ECM interaction pathway, HSPG2 and VTN were revealed as
potential key modulators by NBS-based proteomics. HSPG2,
the large prominent heparan sulfate proteoglycan of extracel-
lular matrices, is known as a component that may participate
in ECM interaction (31). Within the matrix, vitronectin can
support cellular adhesion through interactions with integrins
(32). In addition, vitronectin is a major component of the
stroma of primary hepatocellular carcinoma and metastatic
hepatic tumors including colorectal hepatic metastases (32,33).

The ribosome pathway is essential for protein synthesis.
The increased overall ribosome biogenesis is a well-known
common feature of active proliferation, and the proliferation
rate of tumor cells is higher than that of normal ones (34).
Ribosomal proteins (RPs) showed different expression patterns:
not all RPs increased in the same tumor or tissue, and the same
RP was expressed differentially in different tumors or different
stages of diseases (35). In our study, of the molecules within
Ribosomal proteins, RPL13, RPL27A, RPL4, RPSI8, and
RPS29 were up-regulated at the protein level. Previous studies
on CRC revealed extraribosomal functions for these proteins
including self-translation regulation, development regulation,
and tumor suppressor gene regulation (36,37).

The assumption of GSEA is that functional gene sets
with significantly high expression coherence suggest puta-
tive functionality. It must be noted that annotated functions
of gene sets with higher expression coherence do not always
directly correspond with the actual biological functions (38).
Nonetheless, several physiological cellular responses require
simultaneous participation of gene products, and genes with
central roles are likely to have similar regulatory control and
expression patterns (39,40). Comparative analysis also showed
that coexpression patterns of many functionally related genes
are conserved across diverse species (41). Thus, most gene
sets with significantly high expression coherence, if not all,
might represent key molecular functions of the corresponding
expression profiles.

In conclusion, we performed an integrated analysis of
mRNA and protein expression data in CRC. Overall, significant
correlation was observed between changes in mRNA and protein

TAKEMASA et al: BIOLOGICAL INSIGHTS REVEALED BY OMICS

levels that were consistent with the expectation that a substantial
proportion of changes in protein would be a consequence of
changes in mRNA levels rather than post-transcriptional effects.
Our identified regulatory signatures of mRNA and protein levels
might be able to enhance the understanding of carcinogenesis
and cancer proliferation and lead to the elucidation of novel
molecular targets in the clinical field.
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Abstract

Background The role of laparoscopic surgery in man-
agement of transverse and descending colon cancer
remains controversial. The aim of the present study is to
investigate the short-term and oncologic long-term out-
comes associated with laparoscopic surgery for transverse
and descending colon cancer.

Methods This cohort study analyzed 245 patients (stage II
disease, n = 70; stage III disease, n = 63) who underwent
resection of transverse and descending colon cancers,
including 200 laparoscopic surgeries (LAC) and 45 con-
ventional open surgeries (OC) from December 1996 to
December 2010. Short-term and oncologic long-term out-
comes were recorded.

Results The operative time was longer in the LAC group
than in the OC group. However, intraoperative blood loss
was significantly lower and postoperative recovery time
was significantly shorter in the LAC group than in the OC
group. The 5-year overall and disease-free survival rates
for patients with stage I were 84.9% and 84.9% in the OC
group and 93.7% and 90.0% in the LAC group, respec-
tively. The 5-year overall and disease-free survival rates for
patients with stage IlI disease were 63.4% and 54.6% in the
OC group and 66.7% and 56.9% in the LAC group,
respectively.

Conclusion Use of laparoscopic surgery resulted in
acceptable short-term and oncologic outcomes in patients
with advanced transverse and descending colon cancer.
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Since publication of the first report of laparoscopic surgery
for colon cancer in 1991 [1], utilization of the procedure
has steadily increased. Benefits of laparoscopic surgery
relative to open surgery include improved cosmesis,
improved short-term outcomes, reduced surgical trauma,

teduced requirements for narcotic analgesia, earlier return

of bowel function, and shorter postoperative hospital stay
[2-4]. However, due to an insufficient body of clinical
evidence, laparoscopic surgery for colon cancer has not yet
replaced the conventional open surgery as the standard of
care.

Although the safety and oncologic efficacy of laparo-
scopic surgery for treatment of colon cancer have been
demonstrated in many randomized controlled trials [5—13],
patients with transverse colon and descending colon cancer
were excluded from many of these trials, mainly due to the
difficulty in determining the appropriate operative proce-
dure and the extent of lymphadenectomy [14]. Several
recent studies have described the feasibility and safety of
laparoscopic surgery for transverse and descending colon
cancer [15-19]. However, there are few reports that
describe the long-term outcomes associated with this
management strategy.

In our institution, laparoscopic surgery was performed in
more than 1,000 patients with colon cancer up to December
2008. Thus, the goal of this study is to investigate the short-
term and oncologic long-term outcomes associated with
laparoscopic surgery for transverse and descending colon
cancer.
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Patients and methods

The first laparoscopic resection for colon cancer at our
institution was performed in 1996. At that time, laparo-
scopic colectomy was indicated only for early-stage cancer.
Gradually, the indication for this procedure was expanded
to more advanced stages of cancer. Further, with stan-
dardization of the surgical system, more than 90% of
colorectal resections were ultimately performed laparo-
scopically. Conversion to conventional open surgery was
performed at surgeon discretion. Between December 1996
and December 2008, 1,236 patients underwent surgery for
colon cancer (laparoscopic surgery, n = 1,009: conven-
tional open surgery, n = 227). Of these, 245 resections
were performed for cancers of the transverse and
descending colon without synchronous double malignan-
cies. All patients underwent comprehensive assessment
with blood testing, serum carcinoembryonic antigen mea-
surement, colonoscopy, pathologic confirmation, barium or
air enema, computed tomography (CT), and chest X-ray
before surgery. If tumor localization was unclear, preop-
erative colonoscopic India ink tattooing and clipping was
performed. The procedure for lymphadenectomy was
determined based on depth of tumor invasion according to
the Japanese Classification of Colorectal Carcinoma [20].
The laparoscopic nontouch isolation technique (i.e., the
median-to-lateral approach) was utilized whenever possi-
ble. The study was approved by the institutional ethics of
research committee, and informed consent was obtained
from each patient.

Study design

This cohort study analyzed 245 patients (stage II disease,
n = 70; stage III disease, n = 63) who underwent resec-
tion of the transverse and descending colon cancer,
including 200 laparoscopic surgeries (LAC) and 45 con-
ventional open surgeries (OC) from December 1996 to
December 2010. Short-term outcomes and oncologic long-
term outcomes were assessed among patients with stage II
(70 cases) and stage III (63 cases) disease.

Laparoscopic procedures

For transverse colon lesions, proximal ligations of the right
or left branch or the root of the middle colic vessels were
conducted, and lymphadenectomy was performed simul-
taneously using the median-to-lateral approach. Mobiliza-
tion was performed from the hepatic and/or splenic
flexures. For the hepatic side, if the root of the middle colic
vessels was clearly identified, the vein was divided just
before the point at which it drained into the gastrocolic
trunk of Henle. :

For descending colon lesions, the left branch of the
middle colic, left colic and sigmoid colic pedicles were
identified, and lymphadenectomy was performed simulta-
neously with proximal ligations of the tumor-feeding ves-
sels. The mesentery of the descending colon was gently
mobilized from the ligament of Treitz by the median-to-
lateral approach. The omental bursa was entered, and the
mesentery of the transverse colon was dissected from the
inferior border of the pancreas. The bowel loop of trans-
verse or descending colon was delivered under a wound
protector through a 3- to 5-cm incision and was divided
from the marginal vessels. The anastomosis was performed
extracorporeally using the functional end-to-end method.

Postoperative follow-up

For follow-up, patients with stage I and II disease under-
went assessment of serum carcinoembryonic antigen levels
(at 3-month intervals during the first year and at 6-month
intervals thereafter), chest and abdominopelvic CT (at
6-month intervals), and colonoscopy (at 1-year intervals) in
addition to routine outpatient visits. Patients with stage III
disease underwent assessment of serum carcinoembryonic
antigen levels (at 4-month intervals during the first 2 years
and at 6-month intervals thereafter), chest and abdomino-
pelvic CT and colonoscopy at the same interval in addition
to routine outpatient visits. Patients with stage III disease
received adjuvant chemotherapy with 5-fluorouracil plus
leucovorin per standards of care.

Statistical analysis

Statistical analysis was performed using JMP 8 (SAS
Institute Inc., Cary, NC, USA) for Windows. Student’s
¢ test, Mann—Whitney U test and the x* test were used to
compare continuous and categorical variables, respec-
tively, with two-sided p < 0.050 indicating significance.
Patient survival analysis was performed using Kaplan—
Meier survival curves with log-rank statistics.

Results
Laparoscopic surgery versus conventional open surgery

Patient demographics and pathologic variables are sum-
marized in Table {. Gender, age, body mass index (BMI),
and American Society of Anesthesiology (ASA) classifi-
cation were not significantly different when comparing the
OC group and the LAC group. According to the tumor—
node-metastasis (TNM) classification, the proportion of
patients with advanced stage was higher in the OC group
than in the LAC group, mainly because LAC was initially
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Table 1 Characteristics of patients (n = 245) with transverse or
descending colon cancer

OC (n =45) LAC p value®
(n = 200)
Gender (male/female) 26:19 110:90 0.734°
Age, years (mean, range) 64 (29-84) 65 (24-90) 0.570
BMI, kg/m® 21 (16-34) 22 (16-32) 0.102
(mean, range)
ASA classification 0.034°
1 15 70
i1 20 116
I 7 14
v ) 2 0
Tumor classification <0.001°
0 2 20
1 2 65
)i 15 55
m 19 44
v 7 16

OC Conventional open surgery, LAC laparoscopic surgery, BMI body
mass index, ASA American Society of Anesthesiologists

Clinical stage is classified by UICC-7 staging
® Student’s ¢ test
b o test

used only for early-stage cancers. Therefore, short-term
outcomes and oncologic long-term outcomes were inves-
tigated in patients with stage II (70 cases) and stage III (63
cases) disease. Patient demographics and pathologic vari-
ables of these cases are summarized in Table 2. Patients
with stage II disease undergoing OC included 3 right
hemicolectomies, 4 left hemicolectomies, and 8 transverse
colectomies, while patients with stage III disease under-
going OC included 1 right hemicolectomy, 6 left colecto-
mies, and 12 transverse colectomies. By contrast, patients
with stage IT disease undergoing LAC included 15 right
hemicolectomies, 21 left hemicolectomies, and 19 trans-
verse colectomies, while patients with stage III disease
undergoing LAC included 11 right hemicolectomies, 23
left colectomies, and 10 transverse colectomies. Five
(9.1%) patients with stage II disease required conversion to
open surgery (bleeding, n = 3; surgical technique, n = 1;
massive invasion, n = 1). Six (13.6%) patients with stage

I disease required conversion to open surgery (adhesion,

n = 2; massive invasion, n = 2; bleeding, n = 1; surgical
technique, n = 1). All patients underwent D3 lymphade-
nectomy according to the Japanese Classification of
Colorectal Carcinoma [20]. Gender, age, BMI, ASA clas-
sification, tumor size, number of dissected lymph nodes,
and tumor differentiation were not significantly different
when comparing the OC group and the LAC group.

@ Springer

According to the TNM classification, the proportion of
patients with pathologic T (pT) category was higher in the
OC group than in the LAC group, likely because of the
exclusion criteria utilized for this study. However, in terms
of pathologic N (pN) category, there was no significant
difference between the OC and the LAC group.

Table 3 presents the short-term outcomes of patients
with stage IT or stage III disease who underwent OC or
LAC for transverse and descending colon cancer. The
median operative time in patients with stage II disease was
longer in the LAC group (230 min) than in the OC group
(165 min; p = 0.012), and the median operative time in
patients with stage IIT disease was also longer in the LAC
group (245 min) than in the OC group (202 min;
p = 0.038) with stage III. In patients with stage II disease,
the median blood loss was significantly lower in the LAC
group (10 ml) than in the OC group (100 ml; p < 0.001),
and in patients with stage III disease, the median blood loss
was also significantly lower in the LAC group (10 ml) than
in the OC group (155 ml; p < 0.001). The duration until
start of solid food after surgery was shorter in the LAC
group (5 days) than in the OC group (7 days; p = 0.026) in
patients with stage II disease and was also shorter in the
LAC group (4 days) than in the OC group (7 days;
p < 0.001) in patients with stage Il disease. The median
hospital stay after surgery was shorter in the LAC group
(15 days) than in the OC group (29 days; p < 0.001) in
patients with stage II disease and was also shorter in the
LAC group (7 days) than in the OC group (31 days;
p < 0.001) in patients with stage III disease.

Table 4 summarizes the mortality and morbidity in each
group. There were no perioperative deaths in patients with
stage II disease. In patients with stage III disease, two
patients died postoperatively: one from severe sepsis and
septic shock in the LAC group, and one from liver failure
with liver cirrhosis in the OC group. There was no sig-
nificant difference in morbidity when comparing groups.

Table 5 summarizes the oncologic outcomes for the
various groups. For patients with stage II disease, the
median (range) follow-up period was 64 (10-154) months
in the OC group and was 61 (12-128) months in the LAC
group. For patients with stage III, the median (range) fol-
low-up period was 53 (24—-167) months in the OC group
and 44 (9-145) months in the LAC group.

The 5-year overall and disease-free survival rates in
patients with stage II disease were 84.9% and 84.9% in the
OC group and 93.7% and 90.0% in the LAC group,
respectively (Fig. 1A, B). The 5-year overall and disease-
free survival rates in patients with stage III disease were
63.4% and 54.6% in the OC group and 66.7% and 56.9% in
the LAC group, respectively (Fig. 2A, B). The number of
recurrences did not differ significantly between the LAC
group and the OC group (2 versus 0; p = 0.322) in patients
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Table 2 Patient demographics and characteristics of transverse and descending colon cancer in patients with stage II or stage III disease

Stage 11 Stage IIT
oC (15) LAC (55) p value® oC (19) LAC (44) p value®

Gender (male/female) 9:6 27:28 0.452° 9:10 22:22 0.848°
Age, years® 67 (51-84) 66 (24-90) 0.654 63 (29-81) 65 (44-83) 0.701
BMI, kg/m® 21 (16-26) 22 (16-32) 0.975 22 (16-29) 21 (16-32) 0.528
ASA classification 0.353° 0.470°

I 5 22 7 18

i 8 29 10 23

I 1 4 1 3

v 1 0 1 0
Tumor size, cm® 5.4 (2.5-7.6) 4.8 (1.4-8.7) 0.316 5.0 (3.2-11.2) 4.2 (1.0-10) 0.119
Lymph nodes* 19 (7-27) 15 (3-33) 0.132 14 (541) 16 (5-35) 0.711
pT category 0.860° 0.008°

T1 0 0 0 2

T2 0 0 1 5

T3 14 52 14 37

T4 1 3 4 0
pN category - 0.566°

NO 15 55 0 0

N1 0 0 17 37

N2 0 0 2 7
Tumor differentiation 0.071° 0.098°

Well 8 37 9 18

Moderate 5 17 7 25

Poor 2 0 3 1

Mucinous 0 1 0 0

Clinical stage is classified by UICC-7 staging

OC Conventional open surgery, LAC laparoscopic surgery, BMI body mass index, ASA American Society of Anesthesiologists, Well well-
differentiated adenocarcinoma, Moderate moderately differentiated adenocarcinoma, Poor poorly differentiated adenocarcinoma, Mucinous

mucinous adenocarcinoma

Lymph nodes is number of lymph nodes removed
# Values expressed as median (range)

® Mann-Whitney U test

¢ test

Table 3 Intraoperative and postoperative results of surgeries for transverse or descending colon cancer

Stage II Stage III

OC (15) LAC (55) p value® oC (19) LAC (44) p value®
Operative time (min) 165 (130-460) 230 (130-525) 0.012 202 (105-305) 245 (150-465) 0.038
Blood loss (ml) 100 (40-660) 10 (10-1050) <0.001 155 (10-660) 10 (10-450) <0.001
Days to diet 7 (5-34) 5(2-22) 0.026 7 (4-34) 4 (3-36) <0.001
Hospital stay (day) 29 (12-72) 15 (8-53) <0.001 31 (10-75) 7 (14-156) <0.001

OC Conventional open surgery, LAC laparoscopic surgery
Values expressed as median (range)
# Mann-Whitney U test

with stage II disease or between the LAC group and the OC
group (11 versus 7; p = 0.346) in patients with stage Il
disease. There was no port-site recurrence or wound

recurrence in either group, and there was no significant
difference in the site of recurrence when comparing the

groups.
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Table 4 Mortality and morbidity associated with surgery for trans-
verse or descending colon cancer

Stage II Stage 111
OC LAC pvalue® OC LAC pvale*
sy 63 a9 @
Mortality 0 0 - 1 1 0.517
Morbidity 5 11 0.069 6 7 0.163
SSI1 2 8 2 6
Leakage 1 1 2 1
Ileus 2 0 1 0
Colitis 0 2 0 0
Duodenal 0 0 1 0
ulcer

OC conventional open surgery, LAC laparoscopic surgery, Mortality
within 30 days after surgery, SSI surgical-site infection

* 52 test

Table 5 Five-year oncologic outcomes of patients who underwent
surgery for transverse or descending colon cancer

Stage II Stage III
OC LAC pvalue® OC LAC p value*
(15) (55) 19 @4
Overall 849 937 0.240 634 667 0.819
survival (%)
Disease-free 849 900 0.489 546 569 0.890
survival (%)
Recurrence rate 0 3.6 0322° 37 25 0.346°
(%)
Recurrence site 0 2 - 7 11 0.432°
Liver 0 0 2 7
Lung 0 1 2
Local 0 1 3 3

OC conventional open surgery, LAC laparoscopic surgery, Recur-
rence site site of first recurrence

* Log-rank statistics
b 52 test

Discussion

Several randomized controlled trials have demonstrated
that laparoscopic surgery for colon cancer (excluding those
with transverse or descending colon cancer) can achieve
favorable short-term outcomes and oncologic outcomes
that are similar to open surgery [5—13]. Other recent studies
of laparoscopic surgery have also demonstrated the feasi-
- bility and safety of the procedure for transverse and
descending colon cancers [15-19]. However, the oncologic
outcomes of patients undergoing laparoscopic resection of
transverse and descending colon cancer have not yet been
studied.

@ Springer

A ) Stagell
100 T™"vocooooooooooooz: S,

90 |
80
70 -
60
50
40
;g | —— Open
104 =--- Laparoscopic

0 T T T 1 ) T
Number at risk

Open 15 15 13 13 13 9 8
Laparoscopic 55 55 52 48 40 30 22

Overall survival

1007 I

04 T e
80 -

70
60
50
40
30
20
10
1] T T T T T
0 12 24 36 48 60 72

Duration after operation (months)

Disease-free survival

Number at nisk
Open 15 15 13 13 12 9 8
Laparoscopic 55 54 50 48 39 29 21

Fig. 1 Kaplan-Meier curves of patients with stage II disease
undergoing laparoscopic surgery or conventional open surgery:
A overall survival rate and B disease-free survival rate. There was
no statistically significant difference in survival between the two
groups

Certainly, there are some difficulties when utilizing
laparoscopic resection for transverse and descending colon
cancer, as described in previous studies [15-19]; for
example, mobilization, extent of resection, and details of
lymphadenectomy may vary according to the precise
location of the tumor in patients with transverse and
descending colon cancer. In addition, resection of trans-
verse and descending colon cancers that are adjacent to
other critical structures, including the pancreas, duodenum,
spleen, and the base of the mesenteric vessels, can result in
major complications in case of dissection in the wrong
plane. Therefore, thorough appreciation of the intricacies
of venous anatomy at the gastrocolic trunk of Henle at the
level of pancreas along the right plane is required when
conducting this procedure. Jamali et al. [14] reported that a
high-grade technique was required for splenic flexure
mobilization, because of the requirement for extensive
posterior dissection with simultaneous preservation of the
vascular supply to the hind gut via the marginal artery as
well as preservation of retroperitoneal structures, such as
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Fig. 2 Kaplan-Meier curves of patients with stage II disease
undergoing laparoscopic surgery or conventional open surgery:
A overall survival rate and B disease-free survival rate. There was
no statistically significant difference in survival between the two
groups

the ureters and the tail of pancreas. Further, surgeons may
have comparatively less experience in dealing with this
procedure because the incidence of transverse and
descending colon cancer is low. Thus, laparoscopic trans-
verse colectomy and left colectomy are more difficult than
sigmoid colectomy and right colectomy, which often limits
their use for cancers of the transverse and descending
colon, especially for those with advanced cancer. In our
institution, laparoscopic surgery has been utilized in more
than 200 patients with transverse and descending colon
cancer. The present study characterized the short-term
outcomes and oncologic long-term outcomes after resec-
tion for advanced cancer of transverse and descending
colon in patients with stage II or stage Il disease under-
going OC or LAC. Gender, age, BMI, ASA, and tumor size
were similar in both groups. Operative time was longer in
the LAC group than in the OC group, likely because of
anatomical and technical difficulties. However, blood loss
was significantly lower and the postoperative course of
recovery was significantly shorter in the LAC group than in
the OC group. The morbidity and mortality were not

significantly different when comparing the two groups.
Further, the number of dissected lymph nodes and the
incidence of intraoperative injury were not significantly
different when comparing the two groups, nor were there
differences in the number of recurrences, overall survival,
or disease-free survival. These data indicate that laparo-
scopic surgery for advanced transverse and descending
colon cancer resulted in favorable short-term outcomes
(i.e., lower blood loss, shorter postoperative stay) and
similar oncologic long-term outcomes when compared
with conventional open surgery. Thus, laparoscopic sur-
gery is an acceptable management strategy for advanced
colon cancer regardless of tumor location.

Successful laparoscopic surgery for transverse and
descending colon cancer requires an advanced technique.
Thus, acquisition of general laparoscopic skills is required
to perform this fairly complex procedure. Since the number
of patients requiring this specific procedure is relatively
low, one way to gain this experience is through the
development of laparoscopic skills when performing sim-
pler, more common procedures, such as sigmoid colectomy
and right colectomy. This experience may attenuate the
otherwise steep learning curve needed to successfully
achieve more complex laparoscopic procedures, thereby
reducing the operative time, need for conversion to open
procedures, and complication rate.

In conclusion, laparoscopic resection for transverse and
descending colon cancer appears safe and feasible and
produces acceptable short-term and oncologic long-term
outcomes. Curative resection for advanced transverse and
descending colon cancer is technically possible; however,
the present data were derived from single-institution
experience and were not generated in a prospective man-
ner. Laparoscopic surgery for colon cancer has not yet
replaced conventional open surgery as the standard, mainly
because there is insufficient clinical evidence. Further,
there are also controversies regarding the level of difficulty
of the individual procedure, the lack of data regarding
oncological long-term outcomes after curative resection,
and hospital costs. However, the favorable results seen in
several randomized controlled trials of the safety and
oncologic efficacy of this procedure for advanced colon
cancer have resulted in increased utilization of the proce-
dure. Confirmation of the value of laparoscopic surgery for
colon cancer in prospective randomized controlled trials
may result in increased demand for laparoscopic proce-
dures from physicians and patients. In our institution, the
chief and senior surgeons are actively trained in laparo-
scopic colon surgery. Indeed, with standardization of the
surgical system and gradual expansion of the indications,
more than 90% of colon surgeries in 2010 were performed
laparoscopically at our institution. Since the demand for
laparoscopic surgery for colon cancer is expected to
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increase, chief and senior surgeons as well as young sur-
geons starting will gradually increase. Regardless, we
believe that laparoscopic surgery may become the gold
standard for management of colon cancer, regardless of
stage or tumor location.
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EBAFEBRORA ¥ ML, BAZEOKE WD
BROEMR E WEFIEOERAL, HEMED+5
RHIBEC L AREEE, TZEBECrLOREITH
5. RICGCTRMOMH ~HHE L, BIEELE
SNV EHPHFETHS.

L 2 SN O 2 R 2

D Oss, B %, BHFRE 2 EEETEA
FERGYIBEMT Y VB SEIC BT A FHOITER. Fi
63 : 1827-1831, 2009

2) Van Damme JP, Bonte ] : The superior mesenter-
ic artery. Vascular Anatomy in Abdominal Sur-
gery, G. Thieme, Stuttgart, p48-68, 1990

3) Yamaguchi S, Kurovanagi H, Milsom J et al:
Venous anatomy of the right colon ; precise struc-
ture of the major veins and gastrocolic trunk in 58
cadavers. Dis Colon Rectum 45 : 1337-1340, 2002

4). W, NBEKE SR T RN O 00 RBETR
7 o 2A—EHEHEEWERM. H/30 : 802-812,

X%, BHEEIZANZITE, T, BEE»S 2007
FEIEETHBEL 212, BHEOEIZA - TH
sk E S
1314 44 F Vol74 No.12 (2012-11¥F))
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HE R RRAKBEODE CAEOES

V. KIESMBEXUOMPIEDY VI HiinE

o Fz BE BB EO RE
BEH & =8 X Rl EAa
B SR T R R Be s R

KB SM I L CIRNHRERIEREDS X OB+ VS EiBEI T SN Tw5b, 72, MP B
LCTEBEIE+ ) 3 EERENHIT SN TEB Y, RKIBBBESA K94 VIi2k % L SMIEICXT 51 v%
HiZRiE 1L D2, MP I LTI D2 2L D3 AR ST\ b, 4, HEAE SMED L U MP f&iE
B, KIGREEBEES, MEPS SMBBLUOMPED) Y ASERE, YA 7725 —, HiEHHE
e ERBET L2, SMBEICHS A D2 #iE, MP I % D2 2w L D3 SEIRRUTH D, Hol - &

SAEMP RIS LTIE D3 2 AT T _&E L EZ 5.

R5IMRE - K SMfE, KB MPJE, U v EiEmR

FLoHIc

EE, KEBEHRIINREZSI SRR EZED
A, BH, RERRREORR, BREFHOE
K, BRBBOEHEIZL ) BHIELL LA, K
BT B KRBEIHEEICB T 2005 £ 12 KEE
HESA R4 VRSN, NRENRE Tl
BETEE, LERER SRR EATVE. BFHO
2010 48 B Cla kB SM IS ¥ 5 PIRLER RO IR i

DENE B OB DOV TEEEEES 1,000 4 m
Pk, IREBREEE KOMUEE - ENRNE, %
Higrade 2, 39 %, WFhhrThRONITY > 8
HisEZ ) BMBYREEET 2L EhTV5,
FMBFETIE MBI UEERIZZVWOT, J
VSHIEIE OLEZ R WD, WEIREESK ORBE
bHYDIFAFEEZToTHIVEEh, SMETKE
F110% D Y NHERH H L, R ViR
BIDSBRL W RS, D2RENLETHL L
IhTnwb. £/, MPIEOFMBECRIEL L
L D2EENLETHY, TV Y NHERID LD
LFHHT L, BLIUMHEEEZHOBEOMKE
25, D3FBFEZT> T LIVEREBEIALTHAY,
0 X5 TRERIRIT S W RTREE BRIV
FEENDHY, SH, BBEAE pSMEICMZ T
PMP X3 5V Y NEEBREZHRI L, F7-,
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HEOHE S 5K MBS X O MPHED Y ¥
BB IR BT EHID W TER TR0

1. HEBXEG pSM, pMPED Y > /NHEBIRR (F1)

2004 FE 4 B A5 20124 3 B E CTICUBETHIRL
72 RKBpSMESB X U pMPIEIZ B D B D 132 F,
146 FITaH o 72. pSMIED Y ¥ EHiFRiE X D1 A% 22
Bl, D2 2577 B, D3 %% 33 PICHE(T S, pMPET
& D1 A%10 61, D2 4554 %1, D3 2382 FlZhEfT S
Tz, pSMED Y ¥ 7 3EiiER 1L 0.1% 125D 7. &
NEICAD LREBB LIRS TIE66%, EB T
146% TH o7z, pMPHED ) ¥/ iR 164% 12
Bz, BB I URS T 11.1%, BB T 231%
BB VU YEERBIEREIE pSM #E Tld pN1 2%
83%, pN2%%08% T - 7z. pMP & TId pN1 23
137%, pN22327% Td» Y pNIEFERD 2D o
7o ) Y HIERBEEIE pSM RE TR Y U NEIERR
1276 (53%), 246 (3%) T, 7THED
160 (08%) TdH o7z pMPRE T L7
(48%), 2ME 116 (75%), 3 265 (14%),
421 H (07%), 8EH1H (07%) THhorz.
pSM & T 78, pMP 2T 8 itk % R /2 iERIT

B IR LR 2 AT L 5 FEERES P

Th 5. MBEEB TIE pSM & Tid = LEE 104
IRt 7.7%, WALBRIE 27 B 40.7%, 1K5LRRE
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#1 KB pSM#E pMPEOY ¥ &R (HEH)

pSM pMP
ERALRI Y v EfIERE
C+RS 6.6% (6/91) 11.1% (9/81)

R 146 (6741 231 (15/65)
YV SHIEB AR

N1 83% (11/132)  137% (20/146)
N2 08 (1/132) 27 (4/146)

Y vEiRBER

1 53% (7/132) 48%%51 (7/146)
2 30 (4/132) 75 (11/146)
3 0 (0/132) 14 (2/146)
4 0 . (0/132) 07 (1/146)
5~ 08 (1/132) 07 (1/146)

RARRELF Y > N HER

=¥ ola 77% (8/104) 109% (6/55)

Hak 407  (3/27) 193 (16/83)

&1L 100 /1) 500 (1/2)

pixid — 200 (1/5)

ZFoM — 0 (0/1)

WL v EiER
PARERIRY —F 32% (1/31) —
DR HBFH

BEEFM : 108% (11/101)  164% (24/146)

&t 9.1% (12/132)  164% (24/146)

C: colon, RS: rectosigmoid, R: rectum

1815 100%, 7=, pMP¥& TidE45LERIE 55 41
1 109%, W4-bBRE 83 Bl 19.3%, {K45LEAE 2
B 50%, REWEHE 5 BIHR 20% D) ¥ SHiER & R
W, FACEMEGLIC R 51200 TY v iR
DM %Z Dz, KB pSM EOWHERRY —F
YVBROFE L ) Y FHER TIIAREN R — 7
Bt FATES 31 B 1 BIC, EEFHFI T 101 4
H108% DV Y HER 2 RO, NRENR) —
TYBRBICFMZ AT L) 2 EiEER 2 30 72 ER
1%, SIREB® 12x 8 Xx12mm ® Isp BL U 14%12
X 12mm @ Isp WK L THREN R Y — 7k
24T\, BB OREDWITESURIE, BEE SM
(SM ZE S 1,400 xm), 1y0, v0, budding (+),
#E TP oUIRE, BERE SM (SM ZHEEEE 2,000
um), 1y0, vl, budding (=) TH Y, 1,000um
PlEo SMiEHE, BiREE, budding (+) 2D
T2 72O FMES & HB L CBEBEET SRERUER
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#£2 KBSM, MPEDOY Y #i&ER (KBEEERS 2000~
2002 SEEEHERI 2)

n0 nl n2 n3 nd
sEpE S\
?:1%1?)18) 83 75 19 0 0
‘E iz}
'@ﬁ% 803 65 21 01 04
ﬁ}}fll\éz) 777 156 33 08 02
E :
l(flﬁ) 729 182 36 14 03

#3 KBESMEDOY v EEEER

mEHE SM FEREBI 5 pUEd DINTAS: 1 2o
KD 198 A 116%
B 113 A 124%
RS 59 B 153%
e 112 A 53%
LD 182 B 9.3%
EAN® 156 A 96%
Nascimbeni® 353 B 13.0%
Yamamoto!® - - 301 A 63%
Tominagal? 155 B 12.3%
Sohn!? 48 B 146%
Tateishil® 322 B 143%
THEw 391 A 11.0%

A PIEESIIRE + TR
B : 12 Uiod IR IBRATAT S bl

D2 % HiAT L72EPIT, B ¥ EER 1 HZ
Rwiz. 6 7 AMOHMBLFREZET L, BN
B146» AEREEFPTHS.

2. XBEMRSLEBRROS T I2RBSMEL LT
MP ED ) >/ EiEBIRRY (R2)

KGR FE4 D 2000 4 ~2002 4F BEAE G KB HE 2
EESIC LD MR SMBOY A EEB R
n0 2% 883%, nl4%75%, n2A°19%ThHY, EFE
SM & T2 n0 #3803 %, nl #°65%, n27»*21%,
n372%01%, nd 32 04% T o7=. —7F, ¥ MP i
TiEn0A3777%, nl A%156%, n2 453.3%, n3 H*
0.8%, n4 280.2% TdH Y B MP 3 T n0 2% 72.9%,
nl A%182%, n2 #°36%, n34%14%, nd 2503% T
otz

3. KB SMED Y L IINHEBORE

K SMAFED Y ¥/ Hi B 1L 5% ~20% T
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#F4 KESMEOY YAEEBDYAI T 7o ¥ —

WEE VAZ 777 45—
T HE, R (Ta+Ic), BEE (SM3)
BEEe HH
R R FEE (SML000y) F 72k SM width (4 mm)
FHE® RIEE (SMlc)
{9 EEE, A&, REFEE EH INF
20 RERE, BEE SFEWHA, B s Da+ Do)
F b2 MR, REE, RERS
i &22) Yy VERE
EHY SM EEFHEYE, SMKTFEMEELE, HE U ERS
Y desmoplastic reaction
YLEED BEERE (SM2000 4 m)
TREe REE, RERE, HEH, HEHREE

Nascimbeni®

SM3, lymphovascular invasion, lower third of the rectum

#5 KEBESMEDY VO SEHHE#HE

£7 KB MPBEOBEHE

mEHE HEHE HwEE ’ SR
2 D2 HBD BER T D2, EERTIE D3
HF20 Dl +a A m® BRI T D2, BER T D3
2w D3 (SM-massive) 3 D2
RIS D2 JE3D EER T D2, BEETIE D3
Rigs? MP1 ik D2, MP2, 3i3#HE D3
(RE 5 0 54H)
_ {EETHESS) D2
=1 ~ o A/ ’?:
£6 ABEMPHEOY ¥ EHEER - D2+ YTy vy

WmEE SEFIEL U NETERER
BB 131 275%
£ M 42 19.0%
LI 218 26.1%
HEEO 102 31.7%
303 91 187%
) 58 29.3%
30 54 28%
e 52 212%

10%FE L T 28I %\, 3 31X 2000 DRI
EXNER SMEOY Y EEBETHY, WHE
SR RG] & FAEPIIREL T2 0% A, &
Lo LBIBRAHITE N3 0% BE LD, W
BRENTBRBEOBMBIBRAOAIIBITSY ¥/
EREOMEL P73, 7, KB SMEDY
YRHEBRDY AL 777 ¥ — 1B L TIREEE,
T, RERE, BRREZBTTVLH0NS
W (F4)TB KBS SMIED ) v NE RS #LE
BHA Fo4 T D2HAERI TS, HH
S n2 P EOEBHIZRER SR { DI+ a TH &
L®, # Fix SM-massive I TIXIRBHEREALDH D,
ETRICEL D327 ) REL L TWwA? (%5).

SHL AR Y HEBEBEEAOMESINTWED
BRI, MR ERICE LT3k 5251 #
AR (78%) L LTHY, H5H 265 v/ iR
BHEATHY, FHRIEOBERENE W ERXT
WwnH,

4. XKEEMPEDY > \HEBOHRE

KB MPREDOY VI SEiEBEIL 20~30% & s h
TBY, H30%ETHHDONEN(FEE )TN H
BOWEREMPEORERREL ) Y HERELRE
DERICOVTHRE 2 ITo 275, U VY EIRBOF
ETRFRBBICEEIROAT, MBELADO LTOR
HORE, REPLEBLTFHUTLILIIRETS
5 LBRTVEY, MPREDY) VSHEREEIRE
X5 EEBATIE6 %, BERTIEM%Y, AH
WCEBLERAMTIRII% T2 ERICET D, &S
BT 28% T n3 B & 80, ERICX 5 LIER
BT 15% CTol ICEE D, BEAETIE197%T n2
PE Y vEiES % 30, EREITIE D2, EiE
TIE D3 2T T R& ERBRTWBEY., —F, ZHiT
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BB ET o2 D2HLEDIHOH THERR
R, EFERY VA HEBOFECIIDLLTEER
REZRDT, FRICEBETS EFBED2HL
D3IBTHBOERBERICEEREZ IR 2L, THE
BOMPRETIHFBEORREICLLFRICEER
Z2F0T, KB MP EORFHM X D2 THAT
HDHELTWAED, EREESITKE MP ¥ 52 Floksd
T, UV SHERBIE 212% Th o228, §XTnl T
TTD2TIWVERRTWA®, HIELIZ MPHEIC
WAL 05 E® A TREBEMSEEZITY, MP1
iZ SM #& 12 # U7z D2 3/3%, MP2, MP31#&E D3
EIEEEML, ¥12 Ra LT ® MP2, MP3 i3 ss(al),
LURDHELTIE & FAROM S LETH B LR TW
5 (£7)%. F72, Kobayashi bIZEER T1 TY
YRR TCIIEERY Y EBENESR
T, BRK T1TY @B < b EHEIR
BZTOBRBIZAONT, BRWIZT2TY U3
RS TR Y HoEBIIRONT
B S 572 v 3HRBEER CIIRE Y v gt
2 TOBEBIRED R h o7z L HEL TV L.
B v NEOBEREHIIOWTIE, KIERER
FVHEHTIFES5em, 10ecm V=R ESI L TW
5%, Hida & 3EBREDY Y Wi % clearing
method % BV THRES L, SM i TIIARER Y » 3@ 3
FEAE, OB X I oMIFL 3cm LET,
MP#E CIREY 38 & OB X I H o
5cm QEPAD Y ¥ HFEF AT NE EBRT
59,

5. BE

KB REE IS T 2 PR DR E L ER 2 ZT
20H Y, FRIC, BREEFHOERIZEZFLVHDOH
55, BIEOKBIERETA FI4 VTR OE
R RS 5 WIIMRFIRIC L %) Y EiEmBE LB
BOBERZERE D O FMGEFHIPREENT VS,
KBRED ) v giizB i CT, MRI, PETCT 7%
EOE BB O RBLBNERY O K2 O WEE% %
EHH 5D, 5 EDY) Y AFPEREETD %
BLEEBEDNRBEFAD DY, VI NEHEEBHIIN
TAHREDEBEHRIIAS P THSH. —, pSM #
D#I90%, pMP FEDOH 70%, pSS LLEERE D 50%
B U ABEBRETH S, T, REEDSHIEE
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LTH 100%DESRIIBLR TR, WY >
SRS X CREEDE, WY VR B
DEEIARZEETHH UL, BEFHEIZR R [over-
sugery]) 2T A BEFH Y, BHEOKBEIRET A
FS A4 PR ENTWS SMEEIZHT 5 D2 3%,
MP W TA D2 %W L D3SEIIR Y EEZ 5.
B ERBITi3 MP D pN3EFIZER0 %o 7228,
G - ESLIETIE D3 2 AT T RE L FEZ T
5. 58, FH, BEOHRMLzEDL-HITIE,
Y U ARFEBEEOBMEOREITEI NS,

5

KEBFEREIA FIAL /2L BE SMBICHT
B YSEERIEIX D2, MPEICH L TIE D2 2wl
D3 AHER SN TV HEBEAE SM#ES & O MP
FERER, KEEEEESER, ®ELS SMEB L -
UMPIEDY) Y 3EiEBR, VA2 772 5—, 5
BHEZEEREL-EZA, SMEICXT 5 D2
2NE, MP IS 5 D2 2\ L D3 SR R4 TH
n, ok - &5 MP T L Cid D3 & iT3
RELEZD. '
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