Dig Dis Sci (2006) 51:2073-2080 2077
gsg?pseraﬁszsgll’tég’fr and Postoperative Comparison with preoperative SPECT
comparison with preoperative SPECT n Defect area PE* DVT*
SPECT Nonsegmental ~ 9(19)  Normal 7 — —
<4 small defects 2 — —
Segmental 9(14) 7 2 2
> 1 small
1 moderate to
<2 large defects 0 0 0
) > 2 large 2 2 1
Total 18 (33) 4 3

Note. Numbers in parentheses indicate the number of defects among the respective patients. Defect areas were
classified according to size of defect, i.e., small defects (<25% of the segment), moderate defects Q25%~75%
of the segment), and large defects (>75% of the segment)

2Confirmed by MDCT

Comparison with baseline images did not contribute to the
number of detected segmental defects. Five patients (24%)
had segmental defects among 21 patients without defects
preoperatively, and 4 patients (36%) had segmental defects
among 11 patients with preoperatively nonsegmental defects.
MDCT confirmed PE in two of five patients and in two of
four patients with normal and nonsegmental defects preop-
eratively, respectively. We found no tendency toward PE in
patients with nonsegmental defects preoperatively.

Risk factors for PE and DVT

Preoperative patient background, D-dimer, and TAT levels
were compared between patients with and patient without
MDCT-confirmed PE or DVT (Table 4). We found five pa-
tients who had PE or DVT, and in those patients the operation
time, estimated blood loss during operation, and preopera-

Fig.3 Baseline SPECT (A-D)
and postoperative SPECT (E-H)
in a patient with multiple emboli
in both lungs. Defects are
marked by arrows. I and J:
Postoperative MDCT showed
thrombosis in branches of the
right middle lobe artery and left
lower lobe arteries. SPECT,
single-photon emission
computed tomography; R, right;
L, left; A, anterior; P, posterior
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tive D-dimer level were significantly greater than in patients
without PE or DVT.

Discussion

In this study, we examined prospectively the usefulness of
hung SPECT in screening for PE by performing preoper-
ative and postoperative examinations. Several attempts at
effective diagnosis of PE by PIOPED criteria and PISA-
PED criteria have been made [8, 11]. However, as these
studies employed only plannar images, and were based on
correlative findings with pulmonary angiography, which has
a low sensitivity [7], different or modified approaches that
can effectively diagnose PE are needed, especially for pa-
tients with elective surgery. The usefulness of preoperative
and postoperative lung scintigraphy has been demonstrated
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Fig. 4 Baseline SPECT (A-C) and postoperative SPECT (D-F) in a
patient with postoperative segmental defect. Defects are marked by ar-
rows. SPECT, single-photon emission computed tomography; R, right;
L, left; A, anterior; P, posterior

in orthopedic surgery [16, 17, 20, 21]. Detection of addi-
tional defects postoperatively is a key for the diagnosis of
PE, and asymptomatic PE is a common event in postarthro-
plasty patients. However, the usefulness of serial SPECT has
not been demonstrated in patients elected to undergo gas-
trointestinal malignancy surgery. Since postoperative scan
with conventional planar scan has a low specificity [22] and
overestimates the frequency of postoperative PE [23], it is
useful to compare pre- and postoperative imaging studies.
However, our results showed that it is unnecessary to com-
pare pre- and postoperative SPECT images to screen post-
operative PE, because all additionally detected segmental
defects were found only postoperatively, and preoperative
detection of nonsegmental defects did not contribute to the
detection of postoperative PE. In fact, preoperative SPECT
was useful in the detection of preoperative PE in only one
patient.

By performing SPECT serially, we found four (13%) pa-
tients with PE, two of whom were symptomatic, and five
(16%) patients with highly suspected asymptomatic PE, sug-
gesting a high incidence of postoperative PE (up to 28%)
including asymptomotic PE in Asian patients elected for
gastrointestinal malignancy surgery.

In this protocol, only perfusion SPECT was performed se-
rially for comparative purposes, because (1) comparison of
pre- and postoperative perfusion SPECT images can clearly
demonstrate preexisting abnormalities or abnormalities af-
ter operation as reported by Bergqgvist et al. [16]; (2).a
PISA-PED study showed that the diagnosis of PE can be
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Table 4 Comparison of patients’ background according to SPECT
and CT findings

MDCT- Normal P value
confirmed PE
and DVT
N 5 27
Age (yn) 58.2+23 60.7£10.2 0.60
Sex M:F) 3:2 16:11 0.98
Disease
Sigmoid 2 5
colon cancer
Rectal cancer 3 15 0.53
Pancreatic 0 6
cancer
Transverse 0 1
colon cancer
Blood loss (g) 252042142 992 4:1352 0.043
Operation time 555 299 311186 0.021
(min)
D-dimer 1.5941.11 0.70+0.71 0.025
(peg/ml)
TAT (pg/L) 4,59 +3.56 3.37+4.03 0.57

Note. MDCT, multidetector helical computed tomography; PE, pul-
monary embolism; DVT, deep venous thrombosis; TAT, thrombin-
antithrombin complexes

accomplished by perfusion scan alone [11}—although non-
segmental defects representing PE may be missed by PISA-
PED criteria, this problem can be overcome by comparison
of pre- and post-operative scans; and (3) preoperative ven-
tilation scan was not helpful, and postoperative ventilation
scan was needed only when baseline preoperative perfusion
scan was not available [21].

By performing SPECT preoperatively, perfusion defects
were detected in 12 patients (36%) and PE was diagnosed
in one patient with pancreatic cancer, who was successfully
treated with anticoagulant therapy [19]. In the other 11 pa-
tients, all detected defects were nonsegmental. The majority
of these defects were also detected as nonsegmental defects
in the postoperative SPECT, suggesting that these defects
were not related to PE. In this regard, Tetalman et al. [24]
identified perfusion defects in 22% of healthy volunteers.
Furthermore, 27% of orthopedic surgery patients and 19%
of general surgery patients had preoperative perfusion de-
fects [16, 25]. The higher incidence in our patients may be
due to the high sensitivity of SPECT itself.

We found 33 defects in 18 patients in postoperative
SPECT scans. All segmental defects were detected post-
operatively and comparison with baseline scan was not
needed, demonstrating that postoperative SPECT is suffi-
cient for screening postoperative PE in this study setting.
In studies using planar images, detection of differences be-
tween pre- and postoperative scans was useful because of
its low spatial resolution and low specificity [16, 17, 19]. In
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contrast, SPECT imaging has a higher specificity [12], allows
segmental localization of the perfusion defect, and reveals
additional defects not seen on planar scans [13]. Lesions in-
volving less than 35% of the lung segment or involving the
entire segment were detected on SPECT [14]. However, only
77% of these lesions were detected on planar studies [26].
Furthermore, defects in the medial basal segment of the right
lower lobe were not identified in planar studies but were eas-
ily seen using the SPECT. Thus, SPECT is more suitable for
detailed definition of PE, including its location, shape, and
size, and PE can only be predicted by postoperative scan.

We found five patients with segmental defects postop-
eratively in whom the final diagnosis could not be estab-
lished with MDCT and eight new nonsegmental defects in
six patients. Thus, what are those defects that are detected
postoperatively? Obstructive airway disease such as airway
obstruction after operation should be ruled out [7]. Since
previous reports have described cases of isolated PE on a
subsegmental level, which was detected as nonsegmental
perfusion defects [13], it is possible that the postoperative
defects are undetected PE. Especially, as we did not find any
cause for these segmental defects in other imaging modalities
and the sensitivity of SPECT was very high compared with
that of planar scintigraphy {12, 13, 27, 28], it was strongly
suggested that these segmental defects were due to asymp-
tomatic PE. In this series, CT did not detect any embolus in
patients who had PE preoperatively. The sensitivity of CT
is relatively low, ranging from 66% to 93% compared with
SPECT [29], and Reinartz et al. [13] reported that PE was
confirmed in 64% of patients with low-probability scans di-
agnosed by SPECT, suggesting that PE is likely to be found
in the PIOPED category “low probability” when classified by
SPECT. The 4-detector MDCT used in this study is not suit-
able for detection of isolated subsegmental PE [30]; rather, a
16- or 64-detector MDCT is required for precise diagnosis.
In our series, the five patients with segmental defects and
six patients with nonsegmental defects were asymptomatic.
Thus, it is important that a diagnostic strategy and a detailed
treatment plan are established for patients with postoperative
inconclusive segmental defects and nonsegmental defects.
As a consensus, patients with small PE need anticoagulation
when there are additional risk factors, such as DVT, inade-
quate cardiopulmonary reserve, and recurrent small PE and
pulmonary artery hypertension [30]. Further clinical trials
are necessary.

It is important to bear in mind in clinical practice the
possible existence of a certain proportion of patients with
malignancy who have preexisting PE. Since it is practically
impossible to perform lung scintigraphy preoperatively and
postoperatively for all patients, simple methods to detect
high-risk patients for preexisting PE and postoperative PE
are needed. The D-dimer level seems to be useful in the
detection of PE [28], and one case had an elevated D-dimer
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level (1.58 pg/ml) [19]. Our evaluation of preoperative risk
factors for postoperative PE or DVT showed that patients
with PE or DVT had a longer operation time, greater blood
loss, and an elevated D-dimer level. These results suggest that
patients with an elevated D-dimer level who elect to undergo
complicated surgery are at high risk for postoperative PE
or DVT. Thus, preoperative D-dimer level can be a useful
marker for pre- and postoperative PE.

In conclusion, postoperative SPECT is sensitive for
screening of PE and preoperative SPECT is not necessary
when PE is screened by visualization of at least two planes
of SPECT images. The incidence of PE including asymp-
tomatic PE was at least 12.5% among patients who under-
went surgery for gastrointestinal malignancy, and asymp-

“tomatic PE is a common event in such patients. Patients with

high D-dimer levels preoperatively and scheduled to undergo
complex and long gastrointestinal surgical procedures should
be placed under surveillance for PE.
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1 EBEICHT BRCROIAZE (a) & bHIEORLEEE (b) OFFEHEAOME Gk 2 L V35IH, 8%

#£1 TNMAFCHTIEBEOFMBEY >/ 8 RS & 0 k)

Regional Lymph Nodes
For each anatomic site or subsite the following are regional nodes :

Rectum
inferior mesenteric
internal iliac

mesorectum (paraproctal)

superior, middle, inferior rectal (haemorrhoidal)

lateral sacral, presacral, sacral promontory (Gerota)
Metastasis in nodes other than those listed above is classified as distant metastasis.
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ABSTRACT

Background/Aims: To compare the functional out-
come of ultra-low anterior resection for rectal cancer
with colonic J-pouch reconstruction with that of
straight reconstruction.

Methodology: Twenty-three patients who under-
went ultra-low anterior resection with or without J-
pouch reconstruction underwent bowel transit
study, videodefecography, and answered a question-
naire survey 4 months and 1 year after surgery.
Eleven healthy subjects underwent similar testing as
controls.

Results: Patients with a J-pouch had less frequent
stools than patients with straight reconstruction 4
months after surgery (»<0.05), but the two groups
were similar at 1 year. Bowel transit time was simi-
lar at both study points. The evacuation ratio was

higher after J-pouch than straight reconstruction 4
months after surgery (p<0.05). However, the ratio
improved in the straight group, and no difference
existed at 1 year. Colonic contraction was seen only
near the anastomosis 4 months after surgery, but the
contraction proximal to the anastomosis improved
over the next 8 months.

Conclusions: J-pouch reconstruction facilitates
evacuation by improving the evacuation ratio.
Although straight anastomosis caused excessive stool
frequency 4 months after surgery, colonic function
continued to improve and was comparable with J-
pouch and straight reconstruction 1 year after
surgery because the contraction ratio proximal to the
anastomosis improved.

INTRODUCTION

Generally, ultra-low anterior resection for rectal
cancer avoids the need to create a permanent colosto-
my, but it often results in excessive stool frequency
which decreases the quality of life. It has been report-
ed that functional outcome after low anterior resec-
tion for rectal cancer can be improved by the con-
struction of a colonic J-pouch. However the reasons
for this improvement are poorly understood. There-
fore construction of a colonic J-pouch is a controver-
sial procedure, and its use varies from institution to
institution.

This study compared the functional outcome of
ultra-low anterior resection with and without colonic
J-pouch reconstruction using new indicators of bowel
function termed the evacuation ratio and the contrac-
tion ratio.

METHODOLOGY

Between April 1999 and March 2001, ultra-low
anterior resection with the primary anastomosis
(<4cm above the dentate line) was performed in 23
rectal cancer patients. Patients were assigned ran-
domly to the J-pouch with a 5-cm limb (n=13) or to
the straight anastomosis (n=10) by a computer-gener-
ated table of random numbers. Informed consent was
obtained from all patients.
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Patients in the two groups were similar with
respect to age, gender, distance between the anasto-
mosis and the dentate line, nerve preservation, and
Dukes stage (Table 1).

Bowel function was evaluated by a bowel transit
study, a videodefecography, and a questionnaire
administered before surgery, 4 months and 1 year
after surgery.

Bowel Transit Study

Twenty radiopaque markers within a gelatin cap-
sule (Sitzmarks: Konsyl Pharmaceuticals, U.S.A.)
were ingested, and a plain film of the abdomen was
taken 8, 24, 32, 48, and 96 h after ingestion. The half-
dose transit method was used, and segment transit
time for each segment of the colon was calculated
before surgery and 4 months after surgery. Each seg-
ment was defined as follows; Ascending colon: A,
Transverse colon: T, Descending colon: D, Sigmoid
colon and (neo) Rectum: SR.

Videodefecography

Thick barium sulfate of standardized consistency
and viscosity was introduced into the (neo) rectum
using a caulking gun injector until the contrast
reached the sacral promontory (approximately 120g).
Evacuation was videotaped fluoroscopically with the
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patient in the sitting position.
The weight of infused contrast (W1) and evacuat-
ed contrast in 1 minute (W2) were recorded. The evac-

- TABLE 1 Patients’ Characteristics

Type of reconstruction

uation ratio was given by calculating W2/W1 x 100(%). J-pouch (n=13) Straight (n=10)

The contraction ratio (CR) was the post-evacuation ‘ége éyr) — i 55%10 64_;"9 (ns)

diameter of the colon divided by the pre-evacuation oo ratio MLE) __ 76 6:4 (ns)
. . Distance from dentate line (cm)

diameter (x 100(%)) which were calculated by lateral anterior wall 56512 94+l @)

view of pelvic X-ray. The CR was calculated 5, 10, and posterior wall 2.0+15 53412 (ns)

15cm above the anastomosis (CR5, CR10, and CR15,
respectively).
Videodefecography was taken only postoperation

Nerve preservation
hypogastric nerve complete : 4, partial : 0 complete : 4, partial : 0 (ns)
pelvic plexus complete : 5, partial : 7 complete : 6, partial : 3 (ns)

(4 months and 1 year after surgery) because the exam-  Dukes stage (A:B:C:D) 6:1:5:1 3:1:6:0 (ns)
ination was prevented by the existence of the tumor
preoperation, so eleven healthy volunteers underwent
o @) %
the same examination and served as normal controls. 2
. . %g 1 Bowel
Questionnaire Survey 16 Teqerey
A questionnaire was administered 4 months and 1 14 M
year after surgery inquiring as to the number of bowel 12 O<s
" movements per day, fecal soiling, and urgency. 12 BzS
6
Student’s ¢ test was used for intergroup compar- 4
isons. P values less than 0.05 were considered signifi- g
cant.
A T D SR+ p<0.05
RESUU_FS . FIGURE 1 Segmental transit time between high and low bowel frequency
1. Relationship between Bowel Frequency and  group, Fach segment was defined as follows; Ascending colon: A,
Results of the Examination Transverse colon: T, Descending colon: D, Sigmoid colon and (neo)

The patients were divided into two groups to eval-
uate a relationship between bowel transit time and
bowel frequency: high frequency (>5 bowel move-
ments per day) and low frequency. The left colonic
transit time was longer in patients in the high bowel
frequency group than those in the low (Figure 1).

There was a tendency towards an inverse correla-
tion between the evacuation ratio by videodefecogra-
phy and the number of bowel movements per day. The
patients with a low evacuation ratio tended to have
more frequent stools (Figure 2).

2. Comparison of Colonic Function between J-
Pouch and Straight Reconstruction

Patients who underwent J-pouch reconstruction
had fewer stools per day than patients who received
straight reconstruction 4 months after surgery, but
the two groups were similar at 1 year. Soiling and
urgency were similar at both sampling points (Table
2).

The bowel transit time was longer postoperatively
than it was preoperatively, especially in the left colon
(D, SR), and that was similar in the two groups post-
operatively (Figure 3).

Patients with a J-pouch had a higher evacuation
ratio (71%) than patients with a straight reconstruc-
tion (48%) 4 months after surgery. At 1 year, howev-
er, the two groups were similar (Table 3).

The contraction ratio at different distances proxi-
mal to the anastomosis shows that powerful contrac-
tions occurred only near the anastomosis (CR5). The
CR5 in J-pouch patients was higher than it was in
patients with a straight reconstruction. One year after

Rectum: SR. The left cplonic transit time was longer in pafients in the high
bowel frequency group (>'5 bowel movements per day) than in patients in
the low.

(%) 1001

90 1] P<0.05

o e O

Evacuation ratio

10 L

() AP e
0ot 2 3 4 5 6 7 8 9 10 H

Bowel Movement /day

FIGURE 2 Relationship between evacuation ratio and bowel frequency.
There was a tendency towards an inverse correlation between the
evacuation ratio and the number of bowel movements per day. The
patients with a low evacuation ratio tended to have more frequent stools.

surgery, CR5, CR10 and CR15 in straight reconstruc-
tion patients both were higher than they were 4
months after surgery (Table 3).

DISCUSSION

The introduction of stapling devices has improved
the safety of ultra-low anterior resection for rectal
cancer. However, the ability of the rectum to function
as a stool reservoir decreases in proportion to the
amount of rectum removed, and conventional low
anterior resection can result in dyschezia. Lazorthes
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. TABLE 2 Postoperative Functionial Results = "

Stool frequency (/day) Soiling (%) Urgency (%)

J-pouch Straight J-pouch Straight J-pouch Straight
4M 3.0 6.2" 31 20 0 20
8M 3.2" 6.2™ 15 0 0 0
1Y 2.7 2.5 0 0 0 0
" 5<0.05.

J-pouch (n=13), Straight (n=10).

" TABLE 3 Evaalon R Sonirolin Rl
Period ER (%) CR5 (%) CR10 (%) CR15 (%)

Control 89=12'l _ 50%16 _ 8lx15345 331567
J-pouch 4M 71%19 52224 16x10°8 4247
1Y 77=19 50=15 5o 14+4
Straight  4M 48211 31x10°2 7x47 3x37
Iy 70+24 47+21 21+3 12+10
“16 <0.085.

ER: Evacuation ratio, CRx: contraction ratio x cm above the anastomosis.
Control values were derived from 11 healthy volunteers.

() e
16 s
14
12
1 Opre op.
8 Oy
6 Hs
4
2
0
A T D SR <005

FIGURE 3 Segment transit time between J-pouch and straight
reconstruction. The bowel transit time was longer postoperatively than it
was preoperatively, especially in the left colon (D, SR). Bowel transit time
was similar in patients with J-pouch and straight reconstruction.

(1) and Parc (2) reported in 1986 that colonic J-pouch
improves postoperative rectal function. Hida et al. (3)
recommended that a J-pouch be constructed when the
anastomosis is <8cm from the anal verge because a
satisfactory functional outcome can be obtained with
straight reconstruction when the distance is >9cm. In
recent years, a small J-pouch, with a 5 or 6-cm limb,
has been recommended because it is difficult to evacu-
ate a large pouch (4-7). Based on these recommenda-
tions, we used a J-pouch reconstruction with a 5-cm
limb when the anastomosis was <4cm above the den-
tate line in this study.

It has been reported that J-pouch reconstruction
improves rectal compliance (8), reduces the frequency
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We used a colonic transit study with radiopaque
markers to evaluate motor activity of the colon. The
reproducibility of this method has been validated (11).
The postoperative bowel transit time was longer than
in healthy controls, especially in the left colon, and
corresponded to excessive stool frequency. These
results suggest that the bowel frequency is related to
the transit time of the left side colon.

In videodefecography, evacuation ratio and con-
traction ratio were obtained to evaluate the evacua-
tion function of the colonic segment above the anasto-
mosis. Also patients with a low evacuation ratio tend-
ed to have more frequent stools (12). Decreased motor
activity of the colon proximal to the anastomosis pro-
longs the transit time and decreases the evacuation
ratio (13). Denervation (14), poor blood supply (15),
and the appearance of strong contractions (15,16) are
thought to be causes of decreased motor activity after
low anterior resection, and contribute to dyschezia.

The motor activity proximal to the anastomosis
was decreased at 4 months regardless of whether a J-
pouch was constructed. Contraction of the colon
occurred only near the anastomosis. However the
evacuation ratio was higher when a J-pouch was con-
structed. These results show that the J-pouch does not
improve colonic transit time, but decreases stool fre-
quency by facilitating fuller evacuation during each
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It has been reported that the advantages of J-
pouch over straight reconstruction are short-term and
that the functional results are similar after 1 or 2
years (17,18). Our study reproduced this finding.
Interestingly, the CR10 and CR15 were both higher at
1 year than they were 4 months after surgery in both
groups. Improvement has been attributed to recovery
of the nerve function (18) and reduction in the fre-
quency of strong contraction (15), but further study is
needed to clarify the cause of dyschezia after ultra-low
anterior resection.

CONCLUSIONS

Decreased motor activity of the colon proximal to
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low anterior resection. Colonic J-pouch reconstruction
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evacuation ratio. Stool frequency in patients with a
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Background: Early recurrence is a major problem after hepatic resection of colorectal hepatic
metastasis (CHM). Our aim was to investigate the relationship between time to recurrence after
CHM resection and overall survival.

Methods: A retrospective analysis was performed for 101 consecutive patients who underwent
hepatic resection for CHM and have been followed more than 5 years.

Results: Among 101 patients, 82 (81%) had a recurrence. Overall survival of patients with
recurrence within 6 months after CHM resection was significantly worse than that of patients
with recurrence after more than 6 months (P < 0.01). Overall survival was poorer when time to
recurrence was shorter. One of the reasons for poor prognosis of patients with recurrence within
6 months was that only a few patients could undergo a second resection for recurrence after
CHM resection. Histological type, including poorly differentiated signet ring cell or mucinous
adenocarcinoma in the primary tumor, bilobar metastases, microscopic positive surgical
margin and carcinoembryonic antigen (CEA) above 15 ng/m| had predictive value for decreased
recurrence-free survival after CHM resection.

Conclusion: Short time to recurrence after CHM resection correlates with a poor prognosis.
Histological type of poorly differentiated signet ring cell or mucinous adenocarcinoma in the
primary tumor might be a predictor for early recurrence after CHM resection.
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INTRODUCTION

Hepatic resection is currently the only potentially curalive
treatment for colorectal hepatic metastasis (CHM) (1-6). How-
ever, frequent recurrence isa major problem afler surgery. with
80-85% of patients experiencing a recurrence (2,3.6). Thus,
reduction of recurrence is necessary o improve prognosis after
CHM resection.

A correlation between a short time to recurrence after resec-
tion of the primary tumor and poor prognosis after resection of
recurrence has been demonstrated in colorectal cancer (2,5),
breast cancer (7), hepatocellular carcinoma (8) and renal
cell carcinoma (9. In CHM, however, the correlation between
time 1o recurrence after resection for CHM and prognosis is
still obscure. The relation belween time (o recurrence after
resection and prognosis is complicated in CHM because
many recurrences after CHM resection can be resected, and
reseclion sometimes contributes to long-term survival (10-12).
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This study was conducted to determine the correlation
between time to recurrence after CHM resection and prognosis
by scrutinizing recurrence after CHM resection, which may
suggest the best timing for adjuvant chemotherapy and eluci-
date whether time to recurrence can be a surrogate endpoint for
adjuvant study in resectable CHM. We also compared clinico-
pathological factors and time to recurrence to find out pre-
operative predictive factors for early recurrence.

PATIENTS AND METHODS
PATIENT POPULATION

A total of 101 patients who had undergone hepatic resection for
CHM at the National Cancer Center Hospital East between
September 1992 and January 2000 and have been followed
precisely for more than 5 years were examined retrospectively.
The patients consisted of 56 (55%) men and 45 (45%) wonien,

-ranging in age from 23 1o 78 years (mean, 60 years). None of

the patients had received adjuvant chemotherapy after primary
colorectal resection.

The criteria for hepatectomy were as follows: metastatic
lesions were confined to the liver and all lesions could be
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resected using oncologic principles while preserving liver
function. Extended lobectomy plus partial resections were
considered as the upper limit of hepatectomy that could be
performed safely, and trisegmentectomy was applied only
when the volume of the residual liver was deemed to be abund-
ant. Neither the number of metastatic tumors nor tumor size, in
themselves, excluded patients from hepatectomy.

No patient received adjuvant therapy after CHM resection.

SURGICAL PROCEDURE

Aflter laparotomy, a carefu] search was performed for local
recurrences, extrahepatic metastases and peritoneal dissemina-
tion in the abdominal cavity. Any suspicious lesions were
examined by biopsy. If the regional lymph nodes (hepatoduo-
denal or peripancreatic lymph nodes) were positive, dissection
of the regional lymph nodes was performed. Intraoperative
bimanual liver palpation and ultrasonography were performed
to confirm tumor location and size of the lesions in all patients;
all resections were ultrasound-guided procedures. Hepatic
resection was performed with tumor-free resection margins
using the forceps fracture method under inflow occlusion
(Pringle’s maneuver).

CLINICAL FOLLOW-UP

After hepatic resection, patients were closely followed up with
diagnostic imaging (chest X-ray and abdominal CT every
3 months, measurement of serum carcinoembryonic antigen
(CEA) levels every month and annual colonoscopy to detect
tumor recurrence) up to Syears. After 5 years patients were
followed up every 6 months or annually.

MORPHOLOGIC INVESTIGATIONS

The resected colorectal specimens and hepatic specimens were
fixed in 10% phosphate-buffered formalin and cut at intervals
of 5 mm and 10 mm, respectively, and then embedded in
paraffin. Serial sections of 3 um thickness were stained
with hematoxylin and eosin for morphologic examination.
Histological diagnosis was performed according to the
World Health Organization intestinal tumor classification (13).

STATISTICAL ANALYSIS

The chi-square test and student i-test were used to compare
data (Dukes™ stage. primary location, positive regional lymph
node, size of tumor, number of tumors, synchronous/meta-
chronous, tumor distribution and ratio of recurrence) between
subgroups based on time to recurrence. Mann-Whilney's
U-test was used to compare preoperative serum CEA level
between subgroups. Analyses of survival were performed
using the Kaplan-Meier method (14), and differences between
the curves were tested using the log-rank test. The log-rank test
was also used to examine the significance of associations
between survival curves and CEA cutoff values of 10, I5.
20, 25, 30, 35, 40, 45, 50. 60, 70, 80, 90. 100 and 200 ng/ml.

Jpn J Clin Oncol 2006:36(6) 369

Factors related to survival were analyzed with the Cox pro-
portional hazards regression model (15). A P-value of <0.05
was considered statistically significant.

RESULTS
SURGICAL RESECTIONS

Partial resection was performed on 47 patients, subsegmentec-
tomy on 9, segmentectomy on 25, lobectomy on 11, extended
lobectomy on 6 and trisegmentectomy on 3 according to
Couinaud’s anatomical classification (16). A microscopic pos-
itive surgical margin was observed in 14 patients. There was no
perioperative mortality. Twenly-one complicalions were
observed: 7 cases of biliary leak; 6 cases.of intra-abdominal
abscess; 4 cases of wound infection; and 1 case each of liver
failure, ileus, lung abscess and urinary tract infection.

SURVIVAL AFTER CHM RESECTION

The overall 5-year Kaplan—Meier survival rale after hepatic
resection for CHM was 42%, with a median survival of
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Figure 1. Camulative survival (A) and recarrence-free survival curves (B) for
101 patients with resected colorectal hepatic metastasis.
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34 months (Fig. 1A). Recurrence-free 1-, 3- and 5-year sur-
vival rates were 43, 23 and 21%, with a median recurrence-{ree
survival of 9 months (Fig. 1B). The median follow-up duration
of survivors was §7 months.

RECURRENCES AFTER CHM RESECTION (F1G.2)

Among the 101 patients who underwent CHM resection,
82 (81%) developed recurrences. Locations of recurrences
were as Tollows: liver in 36 patients, lung in 17, both liver
and lung in 9, lvmph node in 6. peritoneum and local recur-
rence in 4 each, brain and adrenal gland in 2 each. and ovary
and bone in 1 each. Thirty-seven recurrences (45%) occurred
within 6 months after hepatic resection and 72 recurrences
(88%) occurred within 2 years. The ratio of hepatic recurrences
to total recurrences was significantly higher in 1st—12th month
than that after 12th month from CHM resection (P = 0.01).
The ratio of pulmonary recurrence and that of recurrence in
organs other than the liver and lung were significantly higher
after 24th month (P <0.05) and in 13th-24th month
(P < 0.05) from CHM resection, respectively, than those in
the other period. Of the 82 patients with recurrence after hep-
atic resection 36 received re-resection. Re-resection could be
performed in only 10 of 24 patients (42%) whose recurrence
occurred in the liver or lung within 6 months after hepatic
resection, whereas re-resection could be performed in 22 of
29 patients (76%) whose recurrence occurred in the liver or
lung more than 6 months later (P = 0.01). Of the remaining

46 patients, 33 received systemic chemotherapy. 7 received
hepatic arterial infusion, 2 received radiation therapy and 4
received best supportive care.

CLINICOPATHOLOGICAL FEATURES ACCORDING TO
TIME TO RECURRENCE

Table 1 summarizes the primary and metastatic tumor char-
acteristics. Patienls were classified into three subgroups
according to time lo recurrence afler hepatic resection as
follows: no recurrence, recurrence within 6 months and recur-
rence after more than 6 months. There were no significant
differences in primary tumor characteristics between the
three subgroups. All patients in the no recurrence group had
a primary tumor that was classified as a well- or moderately
differentiated carcinoma.

In terms of characteristics of the metastatic tumor, the num-
ber of tumors was significantly less (P < 0.01) and unilobar
distribution was seen significantly more {requently (P < 0.01)
in the no recurrence group compared with the other subgroups.

SURVIVAL ACCORDING TO TIME TO RECURRENCE

Kaplan-Meier curves for overall survival after CHM resection
according 1o lime o recuitence in patients who developed
recurrences are shown in Fig. 3A. Patients were divided
into four subgroups according to time to recurrence after hep-
atic resection as follows: within 6 months. 7th~12th month, -
13th-24th month and after 24th month. Overall survival of
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Figure 2. Locations of recurrence according to time to recurrence after resection of colorectal hepatic metastasis. The number of resected cases for the recurrence is

shown in parentheses.
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Table 1. Clinicopathological findings of 101 patients with colorectal hepatic metastases according to time to recurrence

Variable

No recurrence (19)

Recurrence after more P-value*

than 6 months (45)

Recurrence within
6 months (37)

Primary colorectal tumor

TRM Classification

1 1

Il 4

1 10

v 4
Location

Rectum 4

Colon ~ 15
Number of positive lymph nodes (mean = SD) 13+21

Histological type of adenccurcinoma

Well- or moderately differentiated 19
Poorly differentiated signet ring cell or mucinous 0
Hepatic metastases

Maximum size of tumor {mean % SD, ¢cm) 45431
Number of tamors (mean & SD) 1.3£06
Preoperative CEA level tmean # SD. ng/iml) 264.0 % 818.0
Synchronous/metachronous

Svnchronous ) 7

Metachronous 12
Distribution of metastases

Unilobar 18

Bilobar 1

0.63

l 2

11 6

12 21

13 - 16
0.85

7 17

30 28
23%38 14+ 1.7 0.29

33 42

4 3
3.6£2] 4333 0.26.
25+ 1.6 1.9+1.4 <0.01
41.3 £ 53.8 220.7 £ §79.7 0.25
0.94

14 18

23 27
<0.01

20 29

17 16

SD. standurd deviation: CEA. carcinoembryonic antigen.

“Difference between patients with no recurrence and those with recurrence within 6 months.

patients with recurrence within 6 months afler resection was
significantly worse than that of patients with recurrence in
7th—-12th month (P = 0.04). that of patients with recurrence
in 13th-24th month (P < 0.01) and that of patients with recur-
rence after 24th month (P < 0.01). Overall 5-year survival
rate in patients who developed recurrence within 6 months
afler hepatic resection was only 10% with a median survival
of 26 months. Overall survival was poorer when time to
recurrence was shorter.

Figure 3B shows overall survival after recurrence according
to time to recurrence. Overall survival after recurrence of
patients with recurrence within 6 months after resection was
still worse than that of patients with recurrence in 13th-24th
month (P < 0.04) and that of patients with recurrence after
24th month (P < 0.03). Overall survival after recurrence of
patients with recurrence in 7th-12th month afier resection
seemed to be better than that of patients with recurrence within
6 months. but the difference was not significant (P = 0.14).
Survival after recurrence tended 10 be poorer when time o
recurrence was shorter. Overall survival after recurrence of
patients with recurrence within 6 months afler resection was

significantly worse than that of patients with recurrence in
more than 6 months (P < 0.01).

CORRELATION BETWEEN CLINICOPATHOLOGICAL FACTORS
AND RECURRENCE-FREE SURVIVAL

To find prognostic factors for recurrence-free survival after
CHM resection. correlations between clinicopathological fac-
tors and recurrence-free survival were analyzed (Table 2).
Histological type of tumor. including poorly differentiated
signet ring cell or mucinous adenocarcinoma in the primary
wmor (P < 0.01) (Fig. 4). two or more hepatic tumors
(P < 0.01). bilobar distribution (P < 0.01), microscopic posit-
ive surgical margin (P = 0.03) and CEA level before hepatic
resection above 15 ng/ml (P = 0.04) were significantly asso-
ciated with poor recurrence-{ree survival.

We examined the independent predictive value of the
aforementioned factors in recurrence-free survival. Data
were analyzed using a Cox regression model (Table 3).
Histological type of poorly differentiated signet ring cell or
mucinous adenocarcinoma in the primary tumor [P < 0.01:
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