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Potential predictors of survival after surgery for colorectal cancer
patients with synchronous unresectable liver metastases
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Abstract. Liver resection has been recognized as the best
treatment for patients with colorectal liver metastases, but as
a curative resection for multiple and bilobar colorectal liver
metastases (MBCLM) it is definitely less effective. We clarify
predictors of survival for unresectable MBCLM. Potential
predictors of overall survival, and the correlation between
tumor marker and survival were evaluated for patients with
synchronous unresectable MBCLM, including 6 rectal and
17 colon cancers. In univariate analysis, survival in patients
with the following parameters were longer than those without
them: number of liver metastases (<10), without lung
metastasis and peritoneal invasion, and with a <1.0 ratio of
postoperative CEA/preoperative CEA. In multivariate
analysis, the numbers of liver metastases (>10) and a >1.0
ratio of postoperative CEA/preoperative CEA were factors of
poor prognosis, and patients with two such factors had an
even worse prognosis. There was a tendency for correlation
between the ratio of postoperative CEA/pre-operative CEA and
survival (R=-0.492, P=0.053; y=17.388-3.733x). Thus, we
clarified some of the predictors of survival for MBCLM, and
the usefulness of serum CEA.

Introduction

Colorectal cancer is one of the most common causes of
malignancy-related death in the United States, Japan and
European countries (1,2). In patients with untreated
colorectal liver metastases, the 1-, 2-, 3- and 4-year survival
rates were reported to be 31, 7.9, 2.6 and 0.9%, respectively
(3). Liver resection has been recognized as the best treatment
for long-term survival in patients with colorectal liver
metastases (4). The 5-year survival rate after a liver resection
in patients with colorectal liver metastases has been reported
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to be 20-50% (5,6). On the other hand, liver resection can be
performed only in approximately 10-20% of patients with
colorectal liver metastases, because a liver resection is
contraindicated due to unresectable multiple and bilobar
metastasis (7). One report demonstrated that no patient with
three or more metastatic lesions has survived disease-free for
more than 48 months (8).

In this study, we tried to demonstrate the potential predictors
of survival after surgery for colorectal cancer patients with
synchronous unresectable MBCLM.

Patients and methods

Patients. Twenty-three stage IV colorectal cancer patients
with synchronous unresectable multiple and bilobar colorectal
liver metastases (MBCLM) who underwent surgery at
Wakayama Medical University Hospital between December
1999 and August 2004 were enrolled in this study. Data on
these patients were collected and followed up from
December 1999 to December 2004. Six patients had rectal
cancer and 17 had colon cancer including; 2 cecum, 4
ascending, 1 transverse and 10 sigmoid colons. TNM clinical
stage IV is described according to the UICC classification of
malignant tumors (9). We defined that unresectable 5 or more
lesion metastases to both lobes of the liver was unresectable
MBCLM according to the definition of H3 liver metastasis
by Japanese classification of colorectal carcinoma (10).

A resection of the primary tumor in the rectum and colon
was performed with a lymphadenectomy from along the rectal
or large intestinal wall to around the main feeding artery.

Intra-operative evaluation of liver metastases status was
performed by palpation, intra-operative ultrasonography (US),
and frozen-section microscopic examination. There were no
patients with a liver resection, treatment of radiation therapy
or neoadjuvant chemotherapy in this study.

The course of postoperative [-LV/5FU chemotherapy
consisted of a weekly administration of /-LV and 5FU for 6
weeks, in 2-week intervals. During postoperative chemo-
therapy, 250 mg/m? of [-LV (Wyeth Co., Tokyo, Japan) was
drip intravenous infused for 2 h, and 600 mg/m? of 5FU
(Kyowa Hakko, Tokyo, Japan) was administered 1 h after
the start of /-LV administration as follows; 250 mg of 5FU
was administered through the catheter of hepatic intra-arterial
infusion chemotherapy, and the remnant dose of SFU (600 mg/
m? - 250 mg) was given intravenously 1 h after the start of [-LV
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Table I. Univariate analysis of potential predictors of survival after surgery.

Overall survival (%)

Variable 1-year 2-year MST (months) P-value

Age (years) 0.479
<65 (n=10) 394 0 11.0
>65 (n=13) 60.6 252 19.0

Gender 0.195
Male (n=16) 59.6 31.8 18.0
Female (n=7) 35.7 0 110

Primary lesion 0.098
Colon (n=17) 46.7 0 11.0
Rectum (n=6) 66.7 44 4 220

Histopathological type 0.407
Well differentiated (n=13) 65.8 16.5 18.0
Other type (n=10) 360 24.0 9.0

Depth of invasion 0.997
ss, al (n=15) 54.5 21.8 14.0
se, a2, si (n=8) 50.0 0 11.0

Lymph node metastasis 0.380
NO, 1 (n=17) 57.8 26.4 14.0
N2< (n=6) 278 0 11.0

Lymphatic invasion 0.187
1,2 (n=18) 56.3 30.0 18.0
3 (n=5) 40.0 0 11.0

Venous invasion 0.926
1,2 (n=18) 50.6 27.0 14.0
3 (n=5) 60.0 0 18.0

No. of liver metastasis 0.003
<10 (n=14) 76.2 31.7 190
>10 (n=9) 222 0 9.0

Maximum size of liver metastasis 0.081
<100 mm (n=18) 62.5 22.8 18.0
>100 mm (n=5) NC 50

Lung metastasis 0.002
- (n=19) 64.8 23.6 18.0
+ (n=4) 0 3.0

Peritoneal invasion 0.043
- (n=20) 62.2 22.7 18.0
+ (n=3) 0 9.0

Serum CEA level 0.019
<1.0 (n=7) 714 47.6 22.0
>1.0 (n=16) 442 0 11.0

Serum CA19-9 level 0.077
<1.0 (n=7) 68.6 457 22.0
>1.0 (n=16) 455 0 11.0

MST, median survival time; NC, not able to calculate; Well differentiated, well differentiated adenocarcinoma; ss, tumor invasion of
subserosa; se, tumor penetration of serosa; si, tumor invasion of adjacent structures; al, tumor invasion through muscularis propria into non-
peritonealized part; a2, tumor invasion of non-peritonealized, pericolic or perirectal tissues; NO, no regional lymph node metastasis; N1,
metastasis in 1-3 regional lymph nodes; N2, metastasis in 4 or more regional lymph nodes. Lymphatic invasion 1, 2 and 3 means minimal,
moderate and severe lymphatic invasion, respectively. Venous invasion 1, 2 and 3 means minimal, moderate and severe venous invasion,
respectively. <1.0, the ratio of postoperative tumor marker level/preoperative tumor marker level was <1.0.
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administration. This treatment was designated as a ‘modified
RPMI regimen for liver metastasis’ because of the admini-
stration of /-L'V alone, compared with use of racemic leucovorin
(d,I-LV) in the original RPMI regimen (11,12). When [-LV/
5FU chemotherapy was not effective and an additional agent
was tolerable due to the lack of severe side-effects, additional
CPT-11 administration was performed, that is, 100 mg of
irinotecan (CPT-11) (Daiichi Pharmaceutical Co., Ltd., Tokyo,
Japan) was administered intravenously every 2 weeks during
[-LV/5FU chemotherapy (/-LV/5FU to CPT-11).

Age, gender, primary lesion, histopathological type, depth
of invasion, lymph node metastasis, lymphatic invasion, venous
invasion, number of liver metastasis, maximum size of liver
metastasis, lung metastasis, peritoneal invasion, serum carcino-
embryonic antigen (CEA) level and serum carbohydrate
antigen (CA) 19-9 level were chosen as the candidates for
prognostic factors. The ages of the patients ranged from 37 to
79 (median: 65 years), therefore, age factor was divided to
<65 and =65. The depths of invasion were defined as follows:
ss, tumor invasion of subserosa; se, tumor penetration of
serosa; si, tumor invasion of adjacent structures; al, tumor
invasion through muscularis propria into non-peritonealized
part; a2, tumor invasion of non-peritonealized, pericolic or
perirectal tissues. Lymph node metastasis was defined as:
NO, no regional lymph node metastasis; N1, metastasis in 1-3
regional lymph nodes; N2, metastasis in 4 or more regional
lymph nodes. Lymphatic invasion 1, 2 and 3 means minimal,
moderate and severe lymphatic invasion, respectively.
Venous invasion 1, 2 and 3 means minimal, moderate and
severe venous invasion, respectively. Lymphatic and venous
invasion were evaluated according to Japanese classification
of colorectal carcinoma (10).

Evaluation of liver metastasis status was performed by
preoperative abdominal spiral computed tomography (CT)
with bolus intravenous infusion and pre- and intra-operative
US. Factors of the number of liver metastasis and the maximum
size of liver metastasis were divided into two groups; over 10
or under 10 metastasis and larger or smaller than 100 mm,
respectively, because under 10 metastasis and smaller than
100 mm were considered to be accurately countable or
measurable by CT and US.

Serum tumor marker levels including CEA and CA19-9
were evaluated by dividing into two groups as follows; the
ratio of postoperative tumor marker level (data on 30th day
after surgery)/preoperative tumor marker level of >1.0 or
<1.0.

Patient follow-up. The mean and median follow-up periods
of patients in this study were 30 and 28 months, respectively.

Statistical analysis. Statistical analysis was performed with
Stat View-J ver. 5.0 using a Windows XP operating system.
The overall survival rate for prognostic factors was estimated
by the Kaplan-Meier method, and univariate analysis of signi-
ficance for each factor was evaluated by a log-rank test. Multi-
variate analysis of the overall survival time was performed
with Cox's proportional hazards model.

A P-value of <0.05 was considered statistically significant,
and <0.1 and =0.05 was considered a tendency to be statisti-
cally significant.

1371

Table II. Estimation of overall survival adjusted on risk
factors.

Overall survival (%)

No. of positive  1-year 2-year MST P-value
factor (months)

0.002
0 Factor (n=5) 100 66.7 27.0
1 Factor (n=11) 40.9 0 110
2 Factors (n=7) 28.6 0 5.0

MST, median survival time; Factor, number of liver metastasis (>10)
and serum CEA level (the ratio of postoperative CEA level/pre-
operative CEA level was >1.0).

Results

Analysis of potential predictors of survival after surgery.
Survival in patients with <10 liver metastases was longer
than that in patients with >10 liver metastases (P=0.003).
Survival in patients without lung metastasis and peritoneal
invasion was longer than those in patients with them (P=0.002
and 0.043, respectively). Survival in patients, whose ratio of
postoperative serum CEA level/preoperative serum CEA
level was <1.0, was longer than patients whose ratio was >1.0
(P=0.019). On the other hand, there tended to be differences
in primary lesion, maximum size of liver metastasis, and
serum CA19-9 level (P=0.098, 0.081 and 0.077, respectively)
(Table I).

Relative risk of overall survival was analyzed using Cox's
proportional hazards model. There were 2 favorable factors
that influenced overall survival after surgery. Survival in
patients with <10 liver metastases was longer than that in
patients with >10 liver metastases (P=0.015; RR, 25; 95% ClI,
2-337). Next, survival in patients whose ratio of postoperative
CEA level/preoperative serum CEA level was <1.0 was
longer than that in patients whose ratio was >1.0 (P=0.044;
RR, 4733; 95% CI, 1-17584291). Fig. 1 shows the overall
survival curves by the Kaplan-Meier method and the log-rank
test value of these two factors.

Estimation of overall survival adjusted on risk factors. In
order to estimate survival, two independent prognostic factors
were used to adjust overall survival. Two independent factors
of poor prognosis were number of liver metastasis (>10) and
serum CEA level (the ratio of postoperative CEA level/pre-
operative CEA level was >1.0).

There was a significant difference among survival of
patients with no factors of poor prognosis (0 Factor), one
poor factor (1 Factor), and two poor factors (2 Factor)
(P=0.002) (Table II) (Fig. 2).

Correlation between the tumor marker and survival. Corre-
lation between the tumor marker (postoperative serum CEA
level/preoperative serum CEA level ratio, postoperative serum
CA19-9 level/preoperative serum CA19-9 level ratio) and
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Figure 1. Overall survival curves by the Kaplan-Meier method in patients
with a predictive prognostic factor. Survival in patients with <10 liver
metastases was longer than that in patients with >10 liver metastases
(P=0.003). Survival in patients whose ratio of postoperative serum CEA
level/preoperative CEA level was <1.0 was longer than that in patients
whose ratio was >1.0 (P=0.019).
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Figure 2. Overall survival curves by the Kaplan-Meier method in terms of
the difference in the number of poor prognostic factors. There was a
significant difference among survival of patients with no prognostic factor
for poor prognosis (0 Factor), one poor factor (1 Factor), and two poor
factors (2 Factor) (P=0.002).

survival (months after surgery in 16 deceased patients) were
evaluated.
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Figure 3. Correlation between the tumor markers and survival. There was a
tendency to correlate between the postoperative serum CEA level/pre-
operative serum CEA level ratio and survival (R=-0.492, P=0.053;
y=17.388-3.733x). There was a no significant correlation between the
postoperative serum CA19-9 level/preoperative serum CA19-9 level and
survival (R=-0.262, P=0.327; y=15.457-1.866x).

There was a tendency for a correlation between the post-
operative serum CEA level/pre-operative serum CEA level
ratio and survival (R=-0.492, P=0.053; y=17.388-3.733x). On
the other hand, there was no significant correlation between
the post-operative serum CA19-9 level/preoperative serum
CA19-9 level and survival (R=-0.262, P=0.327; y=15.457-
1.866x) (Fig. 3).

Discussion

Recently, technical advances have made it easier to perform
colorectal surgery with a reduced mortality rate (1,2). Patients
with localized and early-stage disease have an excellent
survival rate after a curative resection, but the survival for
patients with distant metastatic disease remains dismal (13).
Liver resection has been recognized as the best treatment to
offer long-term survival to patients with colorectal liver
metastases (4,7), but a liver resection can be performed only
in a limited number of patients due to unresectable multiple
and bilobar metastasis (7). In this study, we demonstrated
some of the potential predictors of survival after surgery for
colorectal cancer patients with synchronous unresectable
MBCLM.
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Some reports have discussed the predictors of long-term
survival for patients with colorectal liver metastases; Astler-
Coller stage A-B, negative serosa infiltration, negative peri-
tumoral lymph node invasion as primary colorectal tumor
characteristics, tumor clearance (=1 c¢cm) as metastatic liver
tumor characteristics (14), disease-free interval (<12 months),
number of metastatic liver tumors (>1), largest liver tumor
size (>10 cm), positive liver resection margin, positive extra-
hepatic disease (15,16), the presence of satellite metastases
of the liver, primary tumor grade (III or IV), the time of
metastasis diagnosis (synchronous), diameter of the largest
liver metastasis (=5 cm) and non-anatomic approach (17).

Other reports have demonstrated that invasion or
infiltration to the bile duct, portal vein, hepatic vein and
perineural (18), confluent nodular type compared with
simple nodular type (19), negative macroscopic fibrotic
capsule formation around liver metastasis compared with a
positive one (20,21) and the presence of entrapped liver cells
in hepatic metastases (22) were also factors of poor
prognosis.

In this study, factor of the number of liver metastasis
was divided into two groups; over 10 or under 10 metastasis,
because cut-offs of number of liver metastasis in previous
studies have been reported to be under 5 metastasis (4,15),
whereas, the number of liver metastasis in this study were 5
or more lesion metastases, and under 10 metastasis were
considered to be accurately countable by CT and US. Factor
of the maximum size of liver metastasis was divided into two
groups; larger or smaller than 100 mm, because smaller than
100 mm was considered to be accurately measurable by CT
and US, and cut-off of the maximum size of liver metastasis
in previous studies have been reported to be 100 mm (4,15).
In this study, we did not evaluate the volume of metastatic
liver disease because of its unresectability.

In our study, in univariate analysis, survival in patients
with lower number of liver metastases (<10), without lung
metastasis and peritoneal invasion, and with a <1.0 ratio of
postoperative CEA/preoperative CEA was longer than those
without them. Moreover, in multivariate analysis, the number
of liver metastases (>10) and a >1.0 ratio of postoperative
CEA/ preoperative CEA were factors of poor prognosis, and
patients with two poor factors had the poorest prognosis. In
previous study of rescue surgery for MBCLM, patients with
the more factors had also resulted in the poorer prognosis
4.

These data may contribute to developing a treatment for
MBCLM, such as estimation of survival of liver resection in
patients with prognostic factor improved by neoadjuvant
chemotherapy.

Tumor markers were also predictive factors of survival.
CEA is usually regarded as a better indicator of a poor
prognosis and the recurrence of colorectal cancer (4). Some
authors stated that the preoperative serum CEA level was
important as a prognostic factor in patients with metastatic
liver tumors (8,16,17,23), others stated the postoperative
level was more important than the preoperative level (24).
On the other hand, Adam et al reported that a high level of
preoperative serum CA19-9 (>100 IU/l) was a risk factor of
survival and of disease-free survival after a liver resection

.
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In this study, there was a tendency for a correlation
between the ratio of postoperative serum CEA/preoperative
serum CEA and survival. A high level of postoperative
serum CEA compared with the preoperative serum CEA
level was considered to be a predictive factor.

Many reports have demonstrated that recent chemo-
therapy including leucovorin (LV) and 5-fluorouracil (5FU)
combined with irinotecan (CPT-11) or oxaliplatin have
survival benefits for patients with advanced colorectal cancer
including unresectable liver metastasis (25-28), but the
survival impact of hepatic arterial infusion chemotherapy is
still controversial (29-32). The strategy for patients with
unresectable liver metastases after neoadjuvant chemo-
therapy has been a major breakthrough (4). Secondary
hepatic resection and two-stage hepatectomy after
neoadjuvant chemotherapy have been reported (33,34).
Furthermore, in order to induce compensatory hypertrophy of
the small future remnant liver and improve the mortality of
this new strategy, preoperative portal vein embolization has
been proposed (7,35). In this study, there were no cases with
secondary hepatic resection or two-stage hepatectomy after
chemotherapy. The accurate indication and effects of these
strategies should be demonstrated in a future trial. In
addition, the lack of significant correlation may be due to the
small number of patients enrolled.

Thus, we clarified some of the potential predictors of
survival after surgery for colorectal cancer patients with
synchronous unresectable MBCLM and the usefulness of
serum CEA level.
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