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ORIGINAL ARTICLES

A Multicenter Study on Oncologic Outcome of
Laparoscopic Gastrectomy for Early Cancer in Japan

Seigo Kitano, MD, PhD,* Norio Shiraishi, MD, PhD,* Ichiro Uyama, MD, PhD,}
Kenichi Sugihara, MD, PhD,} Nobuhiko Tanigawa, MD, PhD,§ and the
Japanese Laparoscopic Surgery Study Group

Background: Laparoscopic surgery for gastric cancer is technically
feasible, but it is not widely accepted because it has not been
evaluated from the standpoint of oncologic outcome. We conducted
a retrospective, multicenter study of a large series of patients in
Japan to evaluate the short- and long-term outcomes of laparoscopic
gastrectomy for early gastric cancer (EGC).

Methods: The study group comprised 1294 patients who underwent
laparoscopic gastrectomy during the period April 1994 through
December 2003 in 16 participating surgical units (Japanese Lapa-
roscopic Surgery Study Group). The short- and long-term outcomes
of these patients were examined.

Results: Distal gastrectomy was performed in 1185 patients (91.5%),
proximal gastrectomy in 54 (4.2%), and total gastrectomy in 55 (4.3%);
all were performed laparoscopically. The morbidity and mortality rates
associated with these operations were 14.8% and 0%, respectively.
Histologically, 1212 patients (93.7%) had stage 1A disease, 75 (5.8%)
had stage IB disease, and 7 (0.5%) had stage II disease (the UICC
staging). Cancer recurred in only 6 (0.6%) of 1294 patients treated
curatively (median follow-up, 36 months; range, 13-113 months). The
5-year disease-free survival rate was 99.8% for stage IA disease, 98.7%
for stage IB disease, and 85.7% for stage II disease.

Conclusions: Although our findings may be considered preliminary,
our data indicate that laparoscopic surgery for EGC yields good
short- and long-term oncologic outcomes.

(Ann Surg 2007;245: 68-72)

In Japan, the incidence of early gastric cancer has increased
to more than 50% of the overall incidence of gastric cancer
because of the development of diagnostic instruments and
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increased use of mass and individual screenings.!? For the
management of patients with early gastric cancer (EGC),
minimally invasive therapies, such as endoscopic and lapa-
roscopic procedures, have been available since the 1980s.>*
Since the first report of laparoscopy-assisted distal gastrec-
tomy (LADG) in 1994, LADG has been widely adopted for
EGC and the number of patients undergoing LADG has been
increasing in Japan.® Laparoscopy-assisted gastrectomy (LAG)
is now performed not only as distal gastrectomy but also as
proximal gastrectomy and total gastrectomy.5~8

Several small retrospective studies analyzing the short-
term outcome of LAG showed that patients who underwent
LAG had less pain, earlier recovery to active daily life, a
shorter hospital stay, and better quality of life than patients
who underwent conventional open surgery.’~'! However,
LAG for the treatment of malignancies remains controversial
because of the lack of large-scale study data on the short-term
and long-term outcomes.

To clarify the short- and long-term outcomes of LAG
for EGC, we examined the clinical data obtained by 16
surgical departments that are members of the Japanese Lapa-
roscopic Surgery Study Group.

MATERIALS AND METHODS ,

The study included 1294 patients with EGC who under-
went LAG in one of the 16 participating departments during the
period 1994 through 2003. The patients who underwent LAG in
each institution for that period were all registered for the present
study. All tumors were adenocarcinomas that were shown by
preoperative gastric endoscopy and barium meal study to be
present only in the mucosal or submucosal layer of the stomach
and were not candidates for endoscopic mucosal resection.
Patients with cancer in another organ or with previous upper
abdominal laparotomy or with cardiac, pulmonary, or hepatic
insufficiency were not included. The exclusion criteria in insuf-
ficiency of the organs were 1) operative cardiovascular risk
greater than New York Heart Association II, 2) operative pul-
monary nisk greater than Hugh-Jones II, and 3) severe liver
disease (Child classes B and C). All participating surgeons were
personally responsible for obtaining the written informed con-
sent of their patients. According to the location of the tumor,
LADG, laparoscopy-assisted proximal gastrectomy (LAPG), or
laparoscopy-assisted total gastrectomy (LATG) was performed.

Annals of Surgery ¢ Volume 245, Number 1, January 2007
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As described previously,>®*® LAG consisted of the
following procedures: 1) laparoscopic dissection of the lesser
and greater omentum, ligation and division of the main
vessels to mobilize the stomach under pneumoperitoneum, 2)
laparoscopic D1+a, D1+, or D2 lymph node dissection,
based on the Guidelines of the Japan Gastric Cancer Associ-
ation, and 3) resection of the distal two thirds (LADG),
proximal third (LAPG), or total stomach (LATG), depending
on the location of the tumor, followed by reconstruction by
the Billroth-1, esophagogastrostomy, or Roux-en-Y method
through a 5- to 7-cm-long minilaparotomy incision. To es-
tablish techniques of LAG as an oncologic surgery, the
laparoscopic procedures for lymph node dissection in each
" institution had beén reviewed by video examination in the

group conferences.

Data obtained for each patient included the following:
age, sex, body mass index, previous laparotomy, surgical
procedure, operation time, conversion to open surgery, post-
operative complications, postoperative oncologic outcome,

. histologic type of tumor, depth of tumor invasion, lymph
node metastasis, and clinical stage according to the UICC
staging and the WHO classification of tumors.'*!?

All patients were monitored postoperatively by physi-
cal examination, and blood tests including a test for serum
carcinoembryonic antigen at least every 3 months for the first
year, every 6 months for the next 2 years, and every year for
5 years, and thereafter by abdominal ultrasonography, com-
puted tomography, chest radiography, and gastroscopy at
least once each year.

Data were compared between the three types of lapa-
roscopic surgeries (LADG, LAPG, and LATG). Differences
in categorical variables such as postoperative complications,
tumor recurrences, and other clinicopathologic factors were
analyzed by x? test, and differences in continuous variables
were analyzed by Student 7 test. Survival rates were calcu-

lated by the Kaplan-Meier method. A P value of <0.05 was
considered significant.

RESULTS

Laparoscopic procedures consisted of 1185 (91.5%)
LADGs, 54 (4.2%) LAPGs, and 55 (4.3%) LATGs, and the
total patient group comprised 872 men and 422 women. The
clinicopathologic characteristics of the study patients are shown
in Table 1. The percentages of female patients and of mildly
obese patients were greater in the LADG group than in the
other groups. D1+ and D2 lymph node dissection were
performed frequently in the LADG group because of the high
frequency of signet-ring cells carcinoma. The operation time
of LATG was longer than that of LADG or LAPG. There
were no other differences between groups in patient charac-
teristics or pathologic characteristics of tumors. According to
UICC staging, there were 1212 (93.7%) stage IA tumors, 75
(5.8%) stage IB tumors, and 7 (0.5%) stage II tumors.

Intraoperative and postoperative complications oc-
curred in 25 (1.9%) of the 1294 patients and 167 patients
(12.9%), respectively (Table 2). Conversion to open surgery
was required in only 14 cases (1.1%) because of intraopera-
tive complications: bleeding in 9 cases, mechanical trouble in
3, and others in 2. Bleeding was the most frequent intraop-
erative complication, and it resulted mainly from the injury to
the branches of the left gastric artery, short gastric vein, or
spleen. Intraoperative complications occurred more fre-
quently during LAPG than during other laparoscopic proce-
dures (P < 0.05). The most frequent postoperative compli-
cations were anastomotic stenosis, anastomotic leakage, and

-wound infection, and there was no significant difference in

the incidence of postoperative complications between lapa-
roscopic procedures. Intraoperative and postoperative com-
plications were not associated with any of the factors studied,

TABLE 1. Clinicopathologic Characteristics of Patients With Early Gastric Cancer

No. of Patients

LADG (n = 1185) LAPG (n = 54) LATG (n = 55) P

Patients .

Age (yr) . 62711 6379 62.1 £ 12 NS

Male/female 786/399 41/13 45/10 <0.05*

BMI (<25/25-30/>30) 1002/176/7 40/13/1 521211 <0.05*

Post-EMR (yes/no) 49/1136 2/52 0/55 NS

Previous laparotomy (presence/absence) 120/1065 5/49 6/49 NS
Operation

Lymph node dissection (D1+a/D1+ p/D2) 429/549/207 31/20/3 6/45/4 <0.05*

Operation time (min) 2531 £ 19 2294 *+ 31 2714 * 26 <0.05*
Tumor

Histologic type (tubular adenocarcinoma/ 933/223/29 50/3/1 46/5/4 <0.05*

signet-ring cell carcinoma/others) .

Tumor depth (mucosa/submucosa) 729/456 2529 27728 <0.05*

Lymph node metastasis (NO/N1/N2) 1111/68/6 49/4/1 52/3/0 NS

Tumor staging' (stage IA/IB/H) 1111/68/6 49/4/1 52/3/0 NS

Data are mean * SD or number. NS, not significant; BMI, body mass index.

*Statistical significance.
YTumor staging is classified by UICC staging.
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69

=107 -



Kitano et al

Annals of Surgery * Volume 245, Number 1, January 2007

TABLE 2. Intraoperative and Postoperative Complications
No. (%) of Patients
LADG LAPG LATG
Complications (n = 1185) (n = 54) (n = 55) P
Intraoperative 20 (1.7%) 4 (7.4%) 1(1.8%) <0.05*
Bleeding il 1 0
Perforation 0 1 0
Organ injury 5 0 0
Machine trouble 1 2 1
Others 3 0 0
Postoperative 151 (12.7%) 10 (18.5%) 6(10.9%) NS
Bleeding - 13 0 1
Anastomotic 35 3 0
stenosis
Anastomotic 25 3 0
leakage )
Intraabdominal 17 0 0
abscess
Pancreas injury 12 0 2
lleus 3 0 0 .
Respiratory 9 0 0
complication
Wound infection 16 2 2
Port-metastasis 0 0 0
Others 21 2 1

NS, not significant.
*Statistical significance.

including sex, age, body mass index, history of laparotomy
and tumor stage.

There were only 6 cancer recurrences, 1 local recur-
rence, 1 lymph node recurrence, 2 peritoneal disseminations,
1 liver metastasis, and 1 skin metastasis at the abdominal walil
different from the port-site, during the median follow-up
period of 36 months (range, 13—113 months). The cancer in
all 6 recurrent cases invaded to the deeper submucosal layer.
In 3 of 6 cases, lymph node metastasis (N2) was detected
histologically, and the tumors were classified as stage II
tumors. Recurrence was not associated with any surgical
procedure, complications, or conversion to open gastrectomy.
The 5-year disease-free survival rate was 99.8% for stage IA
disease, 98.7% for stage IB disease, and 85.7% for stage II
(Fig. 1). The 5-year disease-free survival rate was 99.4% for
patients who underwent LADG, 98.7% for those who under-
went LAPG, and 93.7% for those who underwent LATG

(Fig. 2).

DISCUSSION

This retrospective multicenter study is the first investi-
gation of short- and long-term outcomes of LAG for EGC in
a large series of patients in Japan. Both the mortality rate and
the morbidity rate associated with LAG were shown to be as
low as those of conventional open gastrectomy,'* and the 5-year
survival rate of patients who underwent LAG for EGC was as
good as that of patients who underwent conventional open
surgery for EGC.1>!6 :
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FIGURE 1. The disease-free survival rate in 1294 treated pa-
tients with early gastric cancer. The 5-year disease-free sur-
vival rate was 99.8% for stage IA, 98.7% for stage IB, and
85.7% for stage Il. Tumor staging system is used with classi-
fication by the UICC staging.

Since LADG for EGC was first reported in 1994,°
several laparoscopic procedures for EGC have been devel-
oped and have been performed by a limited number of
surgeons.®~® Over the last decade, the number of LAGs for
early cancer has rapidly increased, and the indication for
LAG has extended to advanced cancer.!” Several studies of
the short-term outcome of LAG in comparison to open
gastrectomy showed the several advantages of LAG, includ-
ing less invasiveness, less pain, earlier recovery of bowel
movement, and shorter hospital stay.’!' We have reported
additional advantages of LADG, including less impaired
respiratory function, better preservation of postoperative Ty1
cell-mediated immune function, and better postoperative
quality of life."® Some studies, however, indicated technical
difficulties and limitations in lymph node dissection per-
formed during LAG.'® Therefore, we performed a retrospec-
tive multicenter study to clarify the technical feasibility and
oncologic outcome of LAG for EGC in Japan.

The prognosis of patients with EGC is known to be
excellent, with 5-year survival rates of 90% or more.!>!6
Multivariate analysis has shown that lymph node metastasis
is the only significant predictive factor for recurrence of

(%)
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FIGURE 2. The disease-free survival rate according to opera-
tion. The 5-year disease-free survival rate was 99.4% for
LADG, 98.7% for LAPG, and 93.2% for LATG.
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EGC.?° Several recent studies showed that the extent of
lymph node metastasis in patient with EGC was associated
with tumor size and depth of invasion.?' However, the extent
of lymph node dissection for EGC remains controversial.>? In
the patients included in the present study, the lymph node
dissection was performed laparoscopically according to the
Guidelines of the Japanese Gastric Cancer Association. Sev-
eral studies have evaluated laparoscopic lymph node dissec-
tion. Adachi et al, in a retrospective study of 96 patients with
EGC, showed that the number of lymph nodes dissected
laparoscopically was no different from that of lymph node
dissected during open surgery.’ Yano et al also conducted a
retrospective study of patients with EGC and reported that the
number of resected lymph nodes in Dl+ea lymph node
dissection did not differ between LAG and open gastrecto-
my.? On the contrary, Miura et al showed less number of
dissected lymph nodes along major curvature and the celiac
and splenic arteries in LAG than open gastrectomy.”* In the
present retrospective study, which covered a quite long time
period, the number of resected lymph nodes could not be
evaluated because data of the number of resected lymph
nodes in several institutions were incomplete. To establish
techniques of LAG as an oncologic surgery, the laparoscopic
procedures for lymph node dissection in each institution
had been reviewed by video examination in the group
conferences.

There are few studies on the long-term outcome of
LAG for EGC. Huscher et al> recently showed, on the basis
of the first prospective randomized trial in small series of 59
patients with EGC or advanced gastric cancer comparing the
5-year results of subtotal gastrectomy against those of with
laparoscopic and open approaches, that LAG is a safe onco-
logic procedure; ie, the oncologic outcome matches that of
conventional open surgery.”’ Our preliminary prospective
randomized trial with a mean follow-up period of 21.5
months showed no difference in curability between laparo-
scopic and open procedures for EGC.?5 Webser et al also did
not observe a difference in the 18-month survival rate between
patients with gastric cancer who underwent LAG and those who
underwent open gastrectomy.?’ Although the present multi-
center study of a large patient series was an uncontrolled study
and the follow-up period was short, the survival rate of patients
with EGC who underwent LAG was shown to be good. These
data suggest that LAG is feasible for EGC from the standpoint
of oncologic outcome.

Several studies have investigated mortality and mor-
bidity associated with LAG. Huscher et al reported LAG-
associated mortality and morbidity rates of 3.3% and 26.7%,
respectively, in a randomized trial, and these rates were the
same as those of open gastrectomy.?> Adachi et al reported,
on the basis of a retrospective study comparing 49 LAGs and
53 open gastrectomies, that there was no difference in the
incidence of operative complications.” Tanimura et al, in a
retrospective study of 160 LAGs, showed that major compli-
cations such as anastomotic leakage and pancreatic injury
occurred in only 6 cases (3.8%).8 Shimizu et al reported the
mortality and morbidity rates in 85 patients who underwent
initial LAG were 0% and 11.8%, respectively.”® In the

© 2006 Lippincott Williams & Wilkins

present study, the mortality and morbidity rates were 0% and
14.8%, respectively, and the rate of conversion to open
surgery was 1.1%. The conversion to open surgery in LAG
for EGC was not associated with worse short- and long-term
outcome in the present study. As laparoscopic surgeries for
gastrointestinal disease have been considered as technically
complex procedures with longer operation time, the signifi-
cance of learning curve has been emphasized to perform them
safely. 2% Although, in the present study, it seemed to take
more 30 to 60 minutes to perform LAG than open gastrec-
tomy, the incidence of operative complications was as low for
LAG as it was for open surgery. These findings suggest that
LAG with longer operation time is safe for EGC.

CONCLUSION

Our multicenter study of a large patient series showed
that LAG is safe for EGC, with an oncologic outcome as
good as that of conventional open surgery. Results of this
retrospective nonrandomized clinical analysis should be con-
firmed by large-scale prospective randomized trials.
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Abstract Prognostic values of leukocyte subset counts in peripheral blood of cancer patients have not yet been fully
investigated. We retrospectively examined the relation between preoperative absolute counts of peripheral blood leukocyte
subsets and clinicopathologic factors and long-term prognosis in 97 patients with liver metastasis from colorectal cancer
. who underwent hepatic resection. Median preoperative peripheral blood leukocyte subset counts were as follows:
neutrophils 3148/mm’; lymphocytes 1574/mm’; monocytes 380/mm’. Univariate analysis indicated significantly worse
5-year cancer-related survival for patients with a peripheral blood monocyte count >300/mm> (67.5%) than for patients with
a count <300/mm> (36.8%). Multivariate analysis showed a preoperative peripheral blood monocyte count >300/mm> and
preoperative CEA level (>10 ng/ml) to be independent predictive factors for cancer-related survival after hepatic resection.
The preoperative peripheral monocyte count correlated positively with white blood cell and neutrophil counts, but not with
the tumor number, interval between colorectal and hepatic surgery, or preoperative serum CEA level. Our findings indicate
that a preoperative absolute peripheral blood monocyte count >300/mm® is an independent predictive factor for cancer-

related survival of patients with colorectal liver metastasis who have undergone hepatic resection.

Keywords Colorectal cancer - Liver metastasis -
Peripheral blood - Monocyte count - Prognosis

Introduction

The incidence of colorectal carcinoma is increasing world-
wide. Approximately 30-50% of patients with colorectal
cancer suffer recurrence after curative colorectal resection.'
The organ that most frequently contains metastatic deposits

A. Sasaki (B4) - S. Kai - Y. Endo - K. Iwaki - H. Uchida -

M. Tominaga * R. Okunaga K. Shibata - M. Ohta * 8, Kitano
Department of Surgery I,

Oita University Faculty of Medicine,

1-1 Hasama-mach, Yufu, Oita 879-5593, Japan

e-mail: sasakia@med.oita-u.ac.jp

A. Sasaki _

Department of Surgery, National Hospital Organization
Miyazaki Hospital,

Miyazaki, Japan

_@ Springer

-111-

from colorectal cancer is the liver, followed by the lung,
bone, and peritoneum. Hepatic resection is considered the
most effective therapy for colorectal liver metastasis, and
the reported overall survival rate after hepatic resection is
26-51%.2° Several clinicopathologic factors that influence
patient survival after hepatic resection have been identified;
these include the interval between colorectal and hepatic
surgeries, > the number of hepatic metastases,** size of
the liver tumor,* the preoperative serum carcinoembryonic
antigen (CEA) level,>’ lymphatic invasion in the liver,?
and nodal metastasis in the hepatic hilum.> Most inves-
tigators agree that the interval between colorectal and
hepatic surgeries, the number of hepatic tumors, and the
preoperative serum CEA level are the most important
determinants of long-term survival after hepatic resection. -

A few studies of peripheral blood cells in cancer patients
have indicated that a decreased lymphocyte count or
increased monocyte and/or neutrophil count in the periph-
eral blood is a predictor of a poor prognosis in cancer
patients.”'?> Moreover, the relation between preoperative
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inflammatory status and prognosis after treatment for
patients with malignant tumors has been investigated. Some
investigators identified preoperative C-reactive protein (CRP)
elevation as an independent predictive factor for short-term
survival of patients with colorectal cancer.’*'® It was
speculated that progressive tumor destroys surrounding
tissue and leads to a nonspecific inflammatory reaction or
that CRP is upregulated by proinflammatory cytokines such
as interleukin-1, interleukin-6, and tumor necrosis factor,!>!4
In addition, several authors have shown that some patients
with advanced malignant tumor fall into immunosuppressive
status, which might contribute to a poor prognosis in patlents
who undergo curative resection.'®

Dendritic cells (DCs) 1dent1fy antigen-presenting cells
and mature DCs lead to activation of antigen-specific
cytotoxic lymphocytes.'® DCs can derive from peripheral
monocytes. Immunotherapy based on DCs has been
performed recently in patients with various types of
malignant tumor; however, the results have not been
satisfactory.'> 22 Several investigators suggested poor func-
tion of peripheral blood DCs obtained from cancer patients,
especially those with advanced-stage disease.”® To the
contrary, some investigators have shown that DCs with
regulatory function (regulatory DCs) cause immunosup-
pression by activated and differentiated regulatory T cells in
patients with malignant tumor.2* The DCs may be included
in the peripheral blood monocyte subset or may differen-
tiate from peripheral monocytes.

To date, the prognostic value of preoperative leukocyte
subset counts in peripheral blood has not been investigated in
patients with colorectal liver metastasis. Therefore, the aim of
this study was to clarify the prognostic value of preoperative
peripheral blood leukocyte subset counts, especially the
absolute monocyte count, in patients with colorectal cancer
- who have undergone hepatic resection.

Materials and Methods

During the period January 1985 through March 2004, 132
patients with colorectal liver metastases underwent hepatic
resection at the Department of Surgery I, Oita University
Faculty of Medicine. Thirty-five of these patients were
excluded from the study: three (2.3%), who died of
postoperative complications within 30 days; two who had
obvious residual tumor at the time of surgery; 25 whose
preoperative peripheral leukocyte subset counts were not
obtained; one whose hepatic tumor had fallen into complete
necrosis, and four whose clinicopathologic data weré not
certain. Thus, 97 patients who underwent hepatic resection
with a curative intent were included in this study. All
patients underwent regular follow-up examinations at our

outpatient clinic and were monitored for recurrence by
assessment of serum tumor markers every 2 months and by
ultrasonography or contrast computed tomography study
every 4-6 months. We defined cancer recurrences when.
metastatic tumors were identified by radiologic examina-

tions, such as computed tomography, ultrasonography, and
bone scintigraphy.

Upon admission to our hospital, a complete blood count
and blood chemistry profile were routinely obtained for
each patient. The absolute count of peripheral blood
leukocytes (normal count 2950-8970/mm®) and of each
subset were included. Leukocytes were divided into
neutrophil (normal percentage 42.2-74.7%), lymphocyte
(normal percentage 17.7-46.5%), monocyte (normal per-
centage 1.3-8.0%), eosinophil (normal percentage 0-8.4%),
and basophil (normal percentage 0-1.1%) subsets, and the
absolute counts of neutrophils, lymphocytes, and mono-
cytes were determined. The serum biochemistry data
included the carcinoembryonic antigen (CEA) level (nor-
mal <5 ng/ml).

We investigated 13 clinicopathologic variables, i.e., sex,
age, interval between colorectal and hepatic resection,
number of hepatic metastases, diameter of hepatic tumor,
preoperative CEA level, site of primary tumor, grade of
primary cancer, status of nodal metastasis of primary
colorectal cancer, leukocyte (neutrophil, lymphocyte, and
monocyte) subset counts, and extent of hepatic resection
(Table 1). The extent of hepatic resection was defined
according to Couinaud’s classification system, with minor
hepatic resection defined as resection.of fewer than two
segments and major hepatic resection as resection of two or
more segments. :

Patient outcomes were determined on the basis of
clinical data obtained from patients’ medical records as of
June 30, 2006. The mean and median follow-up periods
of surviving patients after hepatic resection were 44.2 and
30 months, respectively. The prognostic significance of
clinicopathologic factors in relation to cancer-related
survival was investigated by univariate and multivariate
analyses. Data were censored in the analysis of cancer-
related survival if a patient was living or had died of
unrelated disease and in the analysis of disease-free survival
if a patient was living or had died of unrelated disease
without recurrent colorectal carcinoma. Survival rates were
calculated by the Kaplan-Meier method, and differences
were analyzed by univariate log-rank analysis. In the
comparisons of clinicopathologic factors and leukocyte
counts, continuous variables were analyzed by Kruskal—
Wallis test, and nominal variables were analyzed by
Fisher’s exact probability test. Variables with a P value of
<0.1 in univariate analysis were used in subsequent
multivariate analysis based on the Cox proportional hazards
model. P value <0.05 was considered significant in all
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xl.;:;s:s (?C‘;fceflgm- Clinical Variable No. of Patients 5-Year Cancer-related Survival Rate (%) P value
vival afier Hepatic Resection .
Sex
Male 60 40.9 - 088
Female 37 51.9
Age (years)
<60 32 46.2 0.70
>60 T 65 45.1
Interval (months) .
<12 64 38.3 0.10
>12 33 56.9 '
CEA (ng/ml)
<10 41 64.1 . <0.01
>10 56 31.7
Tumor size (mm)
<50 74 49.8 T 0.18
250 23 34.8
Tumor grade .
Well-differentiated 54 49.0 0.17
Moderately/poorly 43 38.5
Primary organ
Colon 65 439 0.39
Rectum 31 49.6
Colontrectum 1 0
Tumor number
<4 87 48.1 0.07
>4 10 0
Primary nodal metastasis
Absent 41 44.1 072
Present 56 48.1 ’
Lymphocyte count (/mm?) . ‘
<1500 43 45.6 0.63
>1500 54 443
Neutrophil count (/fmm>)
<3000 44 58.2
>3000 53 35.5
Monocyte count (/mm®)
<300 22 67.5 0.04
Interval means period between >300 75 36.8 :
colorectal and hepatic surgeries. Extent of hepatic resection
CEA = carcinoembryonic antigen; Major 38 45.7 0.97
moderately/poorly, moderately Minor ; 59 444

or poorly differentiated.

analyses. Statistical analysis was performed with JMP
software (JMP, SAS Institute Inc, Cary, NC).

Results

Patient Characteristics

The 97 patients who underwent hepatic resection with a
curative intent comprised 60 men and 37 women with a

mean age of 62.6 years. The mean and median intervals
between colorectal and hepatic surgery were 12.2 and

@ Springer

7 months, respectively. The mean number and. size of

hepatic tumors were 1.8 (range 1-8) and 39.1 mm (range
10-130 mm), respectively. Patients had the following
number of metastatic liver tumors: 1 (n=55), 2 (n=18), 3
(n=10), 4 (n=4), 5 (n=3), 6 (n=2), and 8 (n=1). The mean
preoperative serum CEA level was 49.9 ng/ml (range 0-
915.0 ng/ml; median 13.8 ng/ml). The primary tumor was

located in the colon in 65 patients, in the rectum in 31

patients, and in both the colon and rectum in 1 patient.
According to Dukes’ classification system, 41 of the
primary tumors were at stage A or B tumors, and 56
were stage C tumors. Metastati_c liver tumors were graded
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as well differentiated (2=54) and moderately to poorly
differentiated (n=43). Thirty-eight patients underwent major
hepatic resection, and 59 underwent minor hepatic resection.

Mean and median peripheral blood cell counts were' as
follow: leukocytes 5748.6/mm> and 5510/mm?, respective-
ly (range 2300-10,410/mm); neutrophils 3391.8/mm’ and
3148/mm> (range 1079-6966/mm’); lymphocytes 1657.4/
mm’ and 1574/mm’ (range 589-3662/mm’); and mono-
cytes 419.7/mm’ and 380/mm’ (range 136-1183/mm?).
The patients were stratified according to absolute counts of
each peripheral blood leukocyte subset as follows: <3000/
mm’ (n=44) and >3000/mm’ (n=53) for neutrophils;
<1500/mm’ (n=43) and >1500/mm® (n= 54) for lympho-
cytes; and <300/mm’ (n=22) and >300/mm’ (n= 75) for
monocytes.

Survival

Of the 97 patients who underwent hepatic resection for
colorectal liver metastasis, 47 (48.5%) had died by June 30,
2006. The causes of death were as follows: colorectal
cancer (n=43) and unrelated diseases (n=4; liver cirrhosis
in one, necrotizing myositis in -one, acute myocardial
infarction in one, and pneumonia in one). The 5-year
cancer-related survival and disease-free survxval rates were
44.9 and 31.4%, respectively.

Recurrent disease was found in 14 of the 22 (63.6%)
patients with a monocyte count <300/mm’ and in 49 of the
75 (65.3%) patients with a monocyte count >300/mm?>.
Five-year cancer-related and disease-free survival rates after
hepatic resection were 67.5 and 37.5%, respectively, for
patients with a peripheral blood monocyte count <300/mm?
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Figure 1 Cancer-related survival curves according to absolute count
of preoperative peripheral blood monocyte count. Cancer-related
snrvwal rate is significantly better for patlents with a count <300/
mm? than for patients with a count >300/mm’ (P<0.04).
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Figure 2 Disease-free survnval curves according to absolute preoper-
ative peripheral blood monocyte count. Disease-free survival rates do
not differ between patients stratified according to penpheml blood
monocyte counts (P=0.24).

and 36.8 and 29.6%, respectively, for those with a count
>300/mm>. Univariate analysis of the 13 clinicopathologic
factors examined in relation to cancer-related survival
after hepatic resection revealed that the cancer-related
survival rate after hepatic resection was s1gmﬁcantly
worse for patients with a monocyte count >300/mm> than
for those with a monocyte count <300/mm® (P=0.04;
Table 1 and Fig. 1) as well as for those with an elevated
preoperative serum CEA level (210 ng/ml) or large
number (24) of liver tumors. The disease-free survival
rate did not differ between groups stratified according to
monocyte counts (P=0.24; Fig. 2). There was no statistical
relation between cancer-related survival or disease-free
survival and the absolute peripheral blood lymphocyte or
neutrophil count. Multivariate analysis of the two signif-

-icant factors revealed that a peripheral blood monocyte

count >300/mm?>; relative risk (RR), 1.55; confidence
interval (CI), 1.04-2.54; and preoperative serum CEA
elevation (>10 ng/ml) (RR, 2.70; CI, 1.36-5.84) negative-
ly influenced cancer-related survival after hepatic resec-
tion (Table 2).

Relation Between Peripheral Blood Monocyte Count
and Clinicopathologic Factors in Patients
with Colorectal Liver Metastasis

We analyzed 13 clinicopathologic factors in relation to
peripheral blood monocyte counts, as shown in Table 3.
The peripheral blood monocyte count was positively related
to the preoperative peripheral blood leukocyte and neutro-
phil counts. However, other factors, including those
reflective of tumor progression (interval between colorectal
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Ta Results of Multivari-
mble 2 ) :;Szf C:noer-Related Clinical Variable Cancer-related Survival
and Disease-free Survival
after Hepatic ion RR (CD P value
CEA (ng/mlL)
<10 1.00 < 0.01
>10 2.70 (1.36-5.84)
Tumor number
<4 1.00 0.27
>4 . 1.71 (0.63-3.88)
Monocyte count (fmm*)
CEA = carcinoembryon{c <300 1.00 0.03
antigen; RR = relative risk; >300 1.55 (1.04-2.54)

CI = confidence interval

and hepatic surgery, preoperative serum CEA level, and the
number and size of hepatic tumors), did not relate to the
preoperative peripheral blood monocyte count.

Discussion

Risk factors for a poor outcome after hepatic resection for
patients with colorectal liver metastases have been investi-

gated. Several investigators agree that the short period
between colorectal and hepatic surgeries, large number of
metastatic liver tumors, preoperative serum CEA elevation,
and presence of extrahepatic metastasis were strong
predictive factors for survival after hepatic resection. >
We previously investigated preoperative risk factors that
affect survival of patients with colorectal liver metastasis
and showed that the interval between colorectal and hepatic
surgeries, number of liver tumors, and preoperative serum
CEA level are independent risk factors influencing cancer-

Table 3 Clinicopathologic

Peripheral Blood Monocytes (/mm3)

-115-

Factors in Relation to Periph- Variable No. of Patients P value
eral Blood Monocyte Count
. <300 >300
Sex .
Male 60 11 49 0.20
Female 37 11 26
Age (years) 97 62.7 62.6 0.73
Interval (months)* 0.08
<i2 64 1 53
=12 33 11 22
CEA (ng/ml) 97 41.6 523 0.22
Primary organ
Colon 65 14 51 0.69
Rectum 31 8 23
Colon+rectum 1 0 1
Tumor number 97 1.55 1.89 0.09
Tumor size (mm) 97 354 40.2 0.77
Tumor grade
Well-differentiated 54 1 ' 43 0.54
Moderately/Poorly 43 1 32
Primary nodal metastasis
Abgent 41 9 32 0.88
. . Present 56 13 43
ﬁﬁéﬁﬁfgfﬁmﬁﬁﬂx WBC count () 97 4704.1 6054.9 <0.01
moderately or poorly differen- Neutrophil count (/mm”) W97 2623.7 3617.1 <0.01 -
- tiated; WBC, white blood cell. Lymphocyte count (/mm’) 97 1574.3 1681.8 0.24
*Interval means period between Extent of hepatic resection
colorectal and hepatic surgeries. Major 38 29 0.85
Continuous variable is Minor 59 13 46
expressed by mean value.
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related survival after hepatic resection.’ However, only a
small number of clinicopathologic factors predictive of
long-tem survival after hepatic resection have been
reported. In the present study, we clarified that the absolute
peripheral blood monocytes count and the serum CEA level
are independent preoperative prognostic factors. The
absolute peripheral blood monocyte count might be
available to patient selection for hepatic resection or
indication for postoperative adjuvant chemotherapy in
patients with colorectal liver metastasis.

Several investigators have reported a relation between
preoperative peripheral blood leukocyte subset counts and
prognosis in patients with malignant tumors, such as
carcinoma of the stomach,” neck and head,'® and other
organs.'"!? Some investigators have reported that preoper-
ative leukocyte subset counts in peripheral blood can be
indicative of tumor progression or of prognosis in cancer
patients. Bruckner et al.” showed that a pretreatment
absolute neutrophil count <6000/mm’, lymphocyte count
>1500/mm’, and monocyte count 300-900/mm> were
independent indicators of a good prognosis for patients
with metastatic gastric cancer. Elias et al.!° analyzed
mononuclear cell percentages in 55 patients with epider-
moid carcinoma of the head and neck and found that high
lymphocyte (=30%) and low monocyte percentages (<10%)
correlated with early-stage disease and were associated with
a good prognosis. Riesco reported that cancer curability
correlated positively with pretreatment peripheral leukocyte
count and negatively with the pretreatment neutrophil count
in patients with various types of cancer.!! Recently, we
reported that an increased preoperative peripheral blood
monocyte count (>300/mm’) correlated negatively with
disease-free survival after hepatic resection in patients with
hepatocellular carcinoma (HCC).!? However, there have
been no reports describing the prognostic significance of
preoperative leukocyte subset counts in patients with-
colorectal cancer. '

Several investigators have reported cut-off values for the
preoperative peripheral blood monocyte count as it pertains
to survival analysis. Bruckner et al.’ reported that a
monocyte count of 300-900/mm> was an independent
indicator of a good outcome in gastric cancer patients with
ambulatory status. In our previous investigation in HCC
patients, we used a cut-off value of 300/mm? for peripheral
blood monocytes.'? Although the normal peripheral blood
monocyte count is described by our institution as a
percentage of the white blood cell count (1.3-8.0%), we
decided upon a cut-off value of 300/mm? in the present
study, according to the previous reports,

The mechanism explaining the relation between an
increase in the number of peripheral blood monocytes and
decrease survival remains unclear. Some studies have
indicated that preoperative systemic inflammation as

determined by the serum CRP level adversely affects
survival afler curative resection in patients with colorectal
cancer.'*~"* Because the serum CRP level was shown to
correlate with tumor stage, it was speculated that tumor
progression might destroy tissue surrounding the tumor.!.
In our previous study of HCC patients, the absolute
peripheral blood monocyte count also correlated with tumor
progression.'? However; in the present study, the peripheral
blood monocyte count did not relate to tumor progression,
i.e., to the interval between colorectal and hepatic surgery,
the size and number of hepatic tumors, or the preoperative
serum CEA level. Moreover, the preoperative peripheral
blood monocyte count was significantly related to cancer-
related survival but not to disease-free survival after hepatic
resection. These findings suggest that growth of a recurrent
tumor is more rapid in patients with a high monocyte count
than in those with a low monocyte count. Thus, proin-
flammatory cytokines, such as interleukin-1, interleukin-6,
and tumor necrosis factor, produced by the increased
number of peripheral blood monocytes, might stimulate
cancer cell growth,'!* or DCs derived from peripheral
blood monocytes might have regulatory function for host
immunity against the tumor.

The monocyte subset in peripheral blood includes the DC
population. DCs, which are antigen-presenting cells and
which activate the anti-tumor immune response of the

~ tumor-bearing host, have been used for immunotherapy for

malignant tumor.’*?? Recently, several investigators showed
that regulatory DCs in the peripheral blood might induce
proliferation of CD4*'CD25" regulatory T cells, which
inhibits the proliferation or activation of CD4*CD25 or
CD8'CD25™ T cells and suppresses host anti-tumor immu-
nity.>**> We did not investigate functions of DCs and natural
killer cells in peripheral blood. Our results, however, support
the theory that impairthent of the antigen-presenting function
of DCs or increasing regulatory DCs holds patients with
colorectal liver metastasis in immunosuppressive state and
thus leads to a poor outcome after hepatic resection. Several
investigators have suggested reducing the number of
impaired nonregulatory DCs* or inactivating the function
of regulatory DCs by immunosuppressive drugs might be
necessary to impair DC immunotherapy.25?” Functional
analyses of the peripheral blood monocyte subset should be
performed in the future.

In conclusion, the absolute number of preoperative
peripheral blood monocytes is an independent factor that
influences cancer-related survival after hepatic resection for
patients with liver metastasis from colorectal cancer, and it
may be related to tumor growth. The function of DCs in
patients with an increased preoperative peripheral blood
monocyte count may be impaired, and a new strategy to
induce DC maturation may be necessary for DC-based
immunotherapy to be effective in these patients.
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