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Objective
There is a need for clearly defined and widely applicable clini-
cal criteria for the selection of patients who may benefit from
hepatic resection for metastatic colorectal cancer. Such crite-
ria would also be useful for stratification of patients in clinical
trials for this disease.

Methods
Clinical, pathologic, and outcome data for 1001 consecutive
patients undergoing liver resection for metastatic colorectal
cancer between July 1985 and October 1998 were exam-
ined. These resections included 237 trisegmentectomies, 394
lobectomies, and 370 resections encompassing less than a
lobe. The surgical mortality rate was 2.8%.

Results
The 5-year survival rate was 37%, and the 10-year survival
rate was 22%. Seven factors were found to be significant and
independent predictors of poor long-term outcome by multi-
variate analysis: positive margin (p 5 0.004), extrahepatic dis-

ease (p 5 0.003), node-positive primary (p 5 0.02), disease-
free interval from primary to metastases ,12 months (p 5
0.03), number of hepatic tumors .1 (p 5 0.0004), largest
hepatic tumor .5 cm (p 5 0.01), and carcinoembryonic anti-
gen level .200 ng/ml (p 5 0.01). When the last five of these
criteria were used in a preoperative scoring system, assigning
one point for each criterion, the total score was highly predic-
tive of outcome (p , 0.0001). No patient with a score of 5
was a long-term survivor.

Conclusion
Resection of hepatic colorectal metastases may produce
long-term survival and cure. Long-term outcome can be pre-
dicted from five criteria that are readily available for all patients
considered for resection. Patients with up to two criteria can
have a favorable outcome. Patients with three, four, or five
criteria should be considered for experimental adjuvant trials.
Studies of preoperative staging techniques or of adjuvant
therapies should consider using such a score for stratification
of patients.

Surgical resection is the most effective therapy for met-
astatic colorectal cancer isolated to the liver. Several studies
from major centers have demonstrated that resection of as
much as 80% of the liver can be performed with an asso-

ciated surgical mortality rate uniformly less than 5%.1–6

Complete resection of detectable liver metastases results in
5-year survival for one third of patients.1–6 The study by
Scheele et al1 reporting the experience of 434 liver resec-
tions for metastatic colorectal cancer from the University of
Erlangen over a 32-year period between 1960 and 1992
documented a 10-year survival rate of 23% and a 20-year
survival rate of 18%. Hepatic resection, therefore, is a safe
and effective therapy for metastatic colorectal cancer and is
the only therapy to date to be potentially curative. When
compared with the natural history of this disease—un-
treated patients have a median survival of 6 to 12 months,7,8
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and the median survival with chemotherapy is 12 to 18
months9,10—it is clear why hepatic resection has become
the standard therapy.

An aggressive approach to resection of hepatic metasta-
ses has been undertaken in many major centers. Indeed, as
the safety of hepatic resection has improved, patients with
multiple, bilobar, and large metastases routinely undergo
resection.1–3,6 As surgeons become more proficient in the
technical aspects of resection, patient selection criteria
based on biologic determinants of outcome are increasingly
important. Criteria are needed to ensure that patients se-
lected for surgery benefit from such invasive therapy. Be-
cause the increasing number of resections currently being
performed allow for comparative studies of adjuvant thera-
pies, of resectionversusablative therapies, and of preoper-
ative imaging modalities, such criteria may also be of value
in stratifying patients for clinical trials. Many prior studies
have attempted to examine prognostic factors for tumor
recurrence after resection.2,5,6,11,12Guided by these studies,
we examined a large recent experience of liver resection for
metastatic colorectal cancer at a tertiary referral center, with
the aim of producing a clinically applicable scoring system
for the selection of patients for surgery and for the stratifi-
cation of patients for clinical studies.

MATERIALS AND METHODS

All patients admitted to the Memorial Sloan-Kettering
Cancer Center for liver surgery during the 13-year period
from October 1985 to October 1998 were identified in the
Department of Surgery Liver Resection Database. One
thousand one patients were identified who underwent he-
patic resection for metastatic colorectal cancer. Selection
criteria for liver resection were as follows:

● Medical fitness for major laparotomy
● No signs on preoperative imaging of disseminated dis-

ease
● Tumors anatomically confined within the liver such that

adequate liver parenchyma could be preserved.

The routine imaging studies obtained before liver resec-
tion included abdominal and pelvic computed tomography
scans and chest x-rays. The use of intraoperative ultrasound
has been standard for the past 6 years.

Data for these patients were then extracted from the
database, hospital and office charts, and interviews. Data
examined included demographics (age, gender); site and
pathology of primary colorectal lesion; presentation of liver
metastases; extent and pathology of liver lesion; surgical
details, including blood loss; hospital course, including
complications; and outcome. Follow-up was by personal
contact with the patient, the patient’s family, or the attend-
ing physician. One hundred twenty-three patients did not
have determination of preoperative carcinoembryonic anti-
gen (CEA).

Definitions

Nomenclature for the extent of hepatic resection is that
defined by Goldsmith and Woodburne.13 An extended right
hepatectomy refers to resection of Couinaud’s14 segments 4
through 8; an extended left hepatectomy refers to resection
of segments 2, 3, 4, 5, and 8. Others have referred to these
resections as right trisegmentectomy or left trisegmentec-
tomy, respectively.15 A right lobectomy is resection of
segments 5 through 8; a left lobectomy is resection of
segments 2 through 4. The presence of tumor to both the
right and the left of the middle hepatic vein was considered
bilobar tumor involvement.

Statistics

The chi square test or Fisher’s exact test, where appro-
priate, was used for univariate comparisons.16 Proportional
hazards regression was used to incorporate all the explana-
tory variables in the same model.17 Statistical analysis was
performed using the True Epistat Statistical package (Rich-
ardson, TX). Differences were considered significant at p5
0.05. All deaths within 30 days of surgery were considered
surgical mortality.

RESULTS

Patient Demographics and Follow-Up

One thousand one patients underwent liver resection in
the 13-year period of the study. There were 581 men and
420 women. The median age was 61 (range 27 to 87); 199
were age 70 or older. Three hundred ninety-three patients
had died at the time of last follow-up, with the median time
to death from liver resection 22 months (range 0 to 89
months). Median follow-up of survivors was 32 months.

Primary Lesions

Primary lesions were in the colon in 741 patients and in
the rectum in 260. In 581 patients, the primary tumor was
associated with regional lymph node metastases. Tumor in
the liver was found synchronous with the primary in 287
patients and within 12 months of the primary colorectal
cancer in 467.

Liver Tumors

The median number of liver tumors was 2 (range 1 to
20). Five hundred seventeen patients had a solitary liver
tumor. Three hundred thirty had two or three tumors,
whereas 154 had four or more liver tumors. The median
size of liver tumors was 4.2 cm (range 1 to 26 cm).
Ninety-four patients had tumors larger than 10 cm; 445
had tumors larger than 5 cm.
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Surgical Resections

The distribution of hepatic resections is shown in Table 1.
A total of 394 lobectomies and 237 extended hepatectomies
were performed. Many patients underwent more than one
liver procedure. One hundred ninety-one patients had a
simultaneous liver resection contralateral to the primary
procedure. Ninety-seven patients underwent insertion of an
arterial infusion pump. No patient in this series had ablative
therapy performed as a primary liver procedure. The only
use of cryotherapy was as technical assistance for resection
as part of a cryoassisted resection.18

This series of liver resections is weighted toward exten-
sive resections: 63% of the resections involved removal of
a lobe of liver or more. There has also been a trend toward
more resections and more extensive resections in recent
years (Fig. 1). During the first 5 years of this study period,
the average number of liver resections was 68 per year, with
13% consisting of trisegmentectomies. During the final 5
years of the study period, the average number of liver
resections was 94 per year, with 31% consisting of triseg-
mentectomies.

Perioperative Results

Median hospital stay was 11 days (range 1 to 70), and 28
patients (2.8%) died within 30 days of the liver resection
(Table 2). Patients undergoing a lobectomy or more (n5
631) had a significantly longer hospital stay (p5 0.01) and
a greater 30-day mortality rate (p5 0.02) than those un-
dergoing resection of less than a lobe. Although the extent
of liver resections have increased over the years, the surgi-
cal mortality rate has remained stable (see Fig. 1).

The length of hospital stay has significantly decreased
from a median of 13 days in 1986 to a median of 8 days in

1998 (see Fig. 1). Some of the decrease in hospital stay is
the result of an administrative change in clinical practice:
since 1994, patients are no longer routinely admitted to the
hospital before liver resection, thereby shortening the hos-
pital stay by 2 days. Nevertheless, despite the increasing
complexity of resections, the postoperative hospital stay has
decreased from a median of 11 days in 1986 to 8 days in
1998.

Long-Term Survival

Kaplan-Meier survival curves (Fig. 2) illustrate the long-
term survival after liver resection. Median survival calcu-
lated from the time of resection of the primary colorectal
cancer was 69 months; calculated from the time of the liver
resection, it was 42 months. Actuarial survival was 89% at
1 year after liver resection, 57% at 3 years, 37% at 5 years,
and 22% at 10 years. Of the 551 patients who underwent
resection before Jan. 1, 1994, 136 have been documented to

Table 1. PROCEDURES PERFORMED

Primary Liver
Procedure (n)

Secondary
Procedure (n)

Wedge or atypical resection 132 108
Segmental resection 101 39
Caudate resection 10 31
Bisegmentectomies

Right posterior sectorectomy 29 8
Left lateral segmentectomy 58 5
Other bisegmental

resections
40

Left lobectomy 59
Right lobectomy 335
Extended left lobectomy 49
Extended right lobectomy 188
Arterial infusion pump 97
All 1001 288

Secondary procedures were liver procedures or arterial infusion pump place-
ments performed in addition to and at the same time as the primary procedures.

Figure 1. Changes in pattern of practice of liver resection for meta-
static colorectal cancer. Bar graph represents the number of resections
per year.

Table 2. OVERALL PERIOPERATIVE
RESULTS

All
Resections

Lobectomy or
More

Less than
Lobectomy

Number 1001 631 370
Hospital stay

(median days)
9 (0–70) 10 (1–70) 8 (4–35)

30-day mortality 28 (2.8%) 26 (4.1%) 2 (0.5%)
Complications (%) 31 37 20
1-yr survival (%) 89 85 93
3-yr survival (%) 57 53 75
5-yr survival (%) 37 33 40
Median survival (mo) 42 39 46
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be actual 5-year survivors. There was a difference (p5
0.003) in long-term outcome when comparing resections of
a lobe or more (5-year survival of 33%) with resections of
less than a lobe (5-year survival of 40%) (Table 3). This
difference could be explained partly by the higher periop-
erative mortality rate of more extensive resections (4.1%vs.
0.5%) (see Table 2). However, even when perioperative
deaths were excluded from analysis, there was still a small
(p 5 0.03) but significant difference in long-term outcome
as related to the extent of resection.

Univariate Predictors of Long-Term
Outcome

Patient Demographics

Neither age at the time of liver resection nor gender
predicted long-term outcome.

Characteristics of the Primary Tumor

Nodal status of the primary cancer predicted outcome.
Lymph node involvement by tumor was an adverse prog-
nostic factor for outcome, although the 5-year survival rate
for the node-positive group was still 32%. Tumor site or
grade (data not shown) was not predictive of outcome.

Presentation and Treatment of Liver Metastases

Presentation of liver metastases with a disease-free inter-
val of ,12 months after resection of the colorectal primary
or with a CEA level.200 ng/ml was predictive of adverse
outcome. The extent of resection and surgical blood loss
were predictive of long-term outcome (see Table 3). This
difference in outcome related to blood loss could be ex-
plained completely by the higher perioperative mortality

rate: when perioperative deaths were excluded from analy-
sis, there was no longer a significant (p5 0.3) difference in
long-term outcome.

Even when the presentation of liver tumor was synchro-
nous or within 12 months of the resection of the colorectal
primary, the 5-year survival rate was 30%. Further, even
when the CEA level exceeded 200 ng/ml, the 5-year actu-
arial survival rate was 24% (see Table 3). Of the 85 patients
with a preoperative CEA level.200 ng/ml, to date 12 are
alive beyond 5 years.

Pathologic Features of Liver Tumor

Patients with a solitary metastasis from a colorectal pri-
mary tumor had a 5-year survival rate of nearly 44% after
resection. Multiple liver metastases, size of tumor.5 cm,
bilobar disease, and extrahepatic disease were all predictors
of adverse outcome. The 5-year survival rates of patients
with more than three tumors (23%), largest tumor.5 cm
(40%), and bilobar tumor involvement (29%) were never-
theless sufficiently favorable to justify the risks of the
procedure, if these were theonly positive criteria.

In this study, 88 patients with extrahepatic disease un-
derwent liver resection. The majority (n5 45) had involve-
ment of other organs by direct extension: diaphragm (n5
22), perinephric fascia (n5 3), inferior vena cava (n5 9),
ligamentum teres (n5 2), extrahepatic portal vein (n5 1),
extrahepatic biliary tree (n5 2), and abdominal wall (n5
6). Liver resection was performed in the setting of discon-
tiguous extrahepatic metastases in 43 cases: documented
portal nodal disease (n5 10), lung metastases (n5 21),
peritoneal disease (n5 7), and pelvic metastases (n5 5).
Except for the cases of simultaneous lung metastases, all
cases of extrahepatic disease were discovered during the
laparotomy. These patients with extrahepatic disease had a
5-year actuarial survival rate of only 18%.

The major surgical factor that influenced long-term out-
come was clearance of tumor at histologic examination.
Patients with a positive margin had a 5-year survival of only
20%.

Multivariate Analysis of Outcome

Using surgical clearance margin, presence of extrahepatic
disease, number of tumors, preoperative CEA level, size of
the largest tumor, nodal status of primary, disease-free
interval from the primary to discovery of the liver metasta-
ses, and bilateral tumors as variables, analysis by propor-
tional hazards was performed. The first seven of these eight
parameters were independent predictors of outcome (Table
4). Of these, positive margin and presence of extrahepatic
disease were clearly the most influential, with an increase in
the likelihood of death of 1.7 times if either was positive.
These characteristics should be considered contraindica-
tions to liver resection.

Although predictive of outcome, number of tumors, pre-
operative CEA level, size of the largest tumor, nodal status

Figure 2. Survival after treatment for metastatic colorectal cancer to
the liver. Bottom curve depicts survival as calculated from the time of
liver resection. Top curve represents survival calculated from the time of
resection of the primary colorectal cancer.
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of primary, and disease-free interval from the primary to
discovery of the liver metastases cannot be considered com-
plete contraindications to resection, because each alone was
still associated with a sufficiently favorable outcome to
justify a major surgical procedure. These criteria were,
therefore, used in the following clinical scoring scale to
determine whether a combination of these criteria would
dictate the choice of clinical options.

Clinical Risk Score

The five clinical criteria—nodal status of primary, dis-
ease-free interval from the primary to discovery of the liver
metastases of,12 months, number of tumors.1, preop-
erative CEA level.200 ng/ml, and size of the largest tumor

.5 cm—were chosen as criteria for a clinical risk score
(CRS) (Table 5). Each criteria was assigned one point, and
the total score was compared with the clinical outcome of
each patient after liver resection. The total score was found
to be highly predictive of long-term outcome (p, 0.0001)
(Fig. 3). The 5-year actuarial survival rate for patients with
0 points was 60%, whereas that for patients with 5 points
was 14% (see Table 5). In fact, no patient with 5 points has
survived 5 years.

Others have proposed using the total number of tumors as
a criterion for stratifying patients for clinical trials.19,20This
makes some sense, because the number of tumors correlates
with long-term outcome (Fig. 4). However, when the CRS
is compared with the number of tumors for correlation to
outcome, it is clear that the CRS is more closely predictive

Table 3. UNIVARIATE PREDICTORS OF ADVERSE OUTCOME

No. of Patients 5-yr Survival (%) Median Survival (mo) p

Overall 1001 36 42
Gender

Male 581 35 39 0.4
Female 420 37 45

Age
,70 802 36 43 0.08
.70 199 30 36

Primary tumor
Node-negative 405 41 47 0.05
Node-positive 596 32 37

Primary site
Colon 743 35 43 0.3
Rectum 258 35 37

Disease-free interval
,12 mo 488 30 36 0.01
.12 mo 513 41 46

Carcinoembryonic
antigen
,200 ng/ml 793 38 46 0.003
.200 ng/ml 85 24 28

Number of tumors
1 491 44 52 0.001
.1 510 28 36

Largest tumor size
,5 556 40 46 0.0004
.5 445 31 35

Tumor distribution
Unilobar 603 38 45 0.02
Bilobar 398 29 38

Extent of resection
Less than lobectomy 370 39 46 0.003
Lobectomy or more 631 33 39

Resection margin
Negative 895 37 45 0.00001
Positive 106 20 23

Extrahepatic disease
No 913 38 43 0.0001
Yes 88 18 29

Blood loss .2000 cc
No 884 36 43 0.03
Yes 117 32 35
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of prognosis. Figure 5 presents the clinical risk score as
plotted against median survival or 5-year survival; this is
compared with a plot of the number of tumorsversus
median survival and 5-year survival. The CRS correlated
much more closely with outcome (r2 5 0.92 vs. 0.80 for
5-year survival; r2 5 0.92vs.0.81 for median survival). In
addition, the slopes of the CRS correlations are much
steeper (m5 210.3 and29.1 vs. m 5 27.3 and24.4).
Thus, not only does the CRS predict survival more accu-
rately, it also distributes patients along a much wider range
of survival.

DISCUSSION

The liver is the first major organ reached by venous blood
draining from the gastrointestinal tract. Cancer cells travel-
ing by hematogeneous spread, therefore, have a high like-
lihood of arriving and lodging within the sinusoids of the
liver. This would explain the observation that the liver is the
most common organ of distant metastases from colorectal
cancer.21 Such liver metastases are classified by the AJCC
staging criteria as stage IV disease,22 and treatment was
long accompanied by nihilism; surgical therapy in particular

was regarded with great skepticism.23 However, it was also
noted from autopsy studies that the liver often is the sole site
of metastases.24 Such findings encouraged the initial at-
tempts at resection of limited liver metastatic disease.25–29

During the past two decades, a large body of data1–6,30–35

has confirmed that long-term survival can result from re-
section of hepatic colorectal metastases. The current report
is a large, single-institution experience in the surgical man-
agement of hepatic colorectal metastases and presents data
to support the notion that hepatic resection is safe and
effective therapy. Despite the increasing complexity
of resections, the surgical mortality rate remains,3%. The

Figure 3. Survival after hepatic resection as related to clinical risk
score. Open box: score 5 0 (n 5 52); filled triangle: score 5 1 (n 5 262);
open circle: score 5 2 (n 5 350); filled circle: score 5 3 (n 5 243); filled
box: score 5 4 (n 5 80); open triangle: score 5 5 (n 5 14). p , 00001.

Figure 4. Survival after hepatic resection for colorectal metastases as
related to number of liver tumors. p 5 0.004. Open squares: number 5
1 (n 5 517); filled triangles: number 5 2 or 3 (n 5 330); filled squares:
number 5 $4 (n 5 154).

Table 4. MULTIVARIATE PREDICTORS OF
RECURRENCE

Hazard Coefficient p

Positive margin 1.7 0.5 0.004
Extrahepatic disease 1.7 0.5 0.003
.1 tumor 1.5 0.4 0.0004
Carcinoembryonic antigen

.200 ng/ml
1.5 0.4 0.01

Size .5 cm 1.4 0.3 0.01
Node-positive primary 1.3 0.28 0.02
Disease-free interval ,12

months
1.3 0.25 0.03

Bilateral tumor 0.9 20.1 0.4

Table 5. CLINICAL RISK SCORE FOR
TUMOR RECURRENCE

Score

Survival (%)

1-yr 2-yr 3-yr 4-yr 5-yr
Median

(mo)

0 93 79 72 60 60 74
1 91 76 66 54 44 51
2 89 73 60 51 40 47
3 86 67 42 25 20 33
4 70 45 38 29 25 20
5 71 45 27 14 14 22

Each risk factor is one point: node-positive primary, disease-free interval ,12
months, .1 tumor, Size .5 cm, CEA .200 ng/ml.
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long-term results mirror those of previous studies1–6,30–35

and document that liver resection produces 5-year survival
in more than one third of patients. The current study is also
of sufficient size and duration to document a 10-year sur-
vival rate of 22%. This agrees well with the only other
published study with sufficiently long follow-up to docu-
ment 10-year survival1 and demonstrates that long-term
survival and potential cure are anticipated outcomes for a
significant proportion of patients who undergo liver resec-
tion. Because no other therapy to date provides a cure,
hepatic resection is the treatment of choice and serves as the
standard of comparison for treatment of metastatic disease
isolated to the liver.

The evolution of liver surgery documented in our tertiary
cancer referral center reflects well the growth of hepatic
resections for metastatic colorectal cancer on a national
scale. Increasing numbers of such procedures are being
performed (see Fig. 1),1,2,12 indicating increasing accep-
tance of hepatic resection for the treatment of metastatic
colorectal cancer. There is also increasing safety associated
with liver operations: most series from major centers are
reporting a surgical mortality rate,5%, even for the most
extensive hepatic resections.1–6,30–35 These factors have
combined to result in an ever-increasing complexity of the
surgical approach. Resections involving the removal of
greater than two thirds of the liver parenchyma are common,
as are resections of more than four hepatic metastases.1,2,12

The favorable perioperative outcomes for these extensive
resections testify to the increasing technical prowess of
hepatobiliary surgeons but cannot in and of themselves
serve as a justification for these complex procedures. There
is an ongoing need for scrutiny of long-term outcome data
for the biologic justification of such invasive therapy. The

current data confirm a multifactorial determinant of long-
term outcome (Table 6).1–6,30–35Patient characteristics, pri-
mary tumor factors, presentation of metastatic disease, and
surgical findings combine to influence disease outcome, and
distilling these data to formulate a prognostic scoring sys-
tem to guide daily practice is the goal of the current study.

Other investigators have proposed prognostic scoring
systems of varying complexity to improve patient selection
for surgical therapy and as criteria for stratification of pa-
tients in clinical trials. At the one extreme, clinical selection
may be based on a single clinical criterion. In the two major
clinical trials of adjuvant chemotherapy for patients under-
going liver resection, the number of tumors was the main
clinical criterion used for stratification of patients.19,20Gay-
owski et al2 included size and distribution of tumors and
proposed a staging system for hepatic colorectal metastases
based on size of liver metastases.2 cm, number of lesions
.1, and bilobar distribution of tumors. Cady and Stone36

proposed a scoring index based on four risk factors: disease-
free interval after treatment of the primary, number of liver
tumors, CEA level, and margin of resection. Nordlinger et
al12 attempted to incorporate additional prognostic criteria
for outcome and proposed a system based on seven criteria:
age older than 60 years, stage of primary,.4 liver metas-
tases, synchronous disease, size of largest lesion.5 cm,
CEA level.30 ng/ml, and positive margins. We agree with
this attempt to incorporate as many prognostic factors as
reasonable to allow a wide stratification of outcome. In our
current analysis, seven criteria were found to be indepen-
dent prognostic factors for outcome. However, the presence
of extrahepatic disease by itself must be regarded as a
relative contraindication to liver resection, and positive sur-
gical margin is not a useful preoperative patient selection

Figure 5. Predictors of long-term
outcome. (A) Correlation of clinical
risk score to median survival
(square) (r2 5 0.92, m 5 210.3)
and to 5-year survival (triangle) (r2 5
0.92, m 5 29.1). (B) Correlation of
number of tumors to median sur-
vival (square) (r2 5 0.81, m 5 27.3)
and to 5-year survival (triangle) (r2 5
0.80, m 5 24.4).
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criteria. The remaining five criteria—nodal status of pri-
mary, disease-free interval from the primary to discovery of
the liver metastases,12 months, number of tumors.1,
preoperative CEA level.200 ng/ml, and size of the largest
tumor.5 cm—were incorporated into the proposed clinical
risk scoring system. These not only represent the factors
most commonly found by others to be prognostic for clin-
ical outcome (see Table 6), but are also universally available
in the preoperative evaluation of patients. No doubt other,
more sophisticated markers, such as tumor ploidy,35 onco-
gene expression, or tumor suppressor gene expression,37

may further stratify patients with regard to outcome. How-
ever, such cellular or genetic markers are not likely to be
readily available except at a few academic centers; this
limits their usefulness and also dooms any system incorpo-
rating their use in terms of wide applicability. The choice of
criteria for the current CRS is therefore based on the im-
portance of these five factors as prognostic indicators for
long-term outcome, and on the wide preoperative availabil-
ity of the relevant information. The proposed CRS, there-
fore, has potentially wide applicability in multiinstitutional
trials or in the multiinstitutional evaluation of data.

Although the relative risk for cancer-related death varied
somewhat for these five criteria, we decided to assign each
criterion one point for simplicity and thus enhanced utility.
This design is sustained by the current data. The long-term
outcome correlates closely with the CRS (see Fig. 3). Fur-
ther, when compared directly with the most commonly used
single factor for patient selection—number of tumors—the
utility and advantage of the CRS are particularly evident
(see Fig. 4). Not only is there a closer correlation to median
and long-term survival, but the wider range of survivals

related to CRS and the steeper slope of the correlation
between score and outcome allows for more discrete segre-
gation and stratification of patients for therapy. Patients
with a CRS of 0, 1, or 2 have a highly favorable outcome,
and surgical resection is undoubtedly rational therapy for
such patients (see Table 5). Patients with scores of 3 or 4
have a much more guarded prognosis, and resection should
be planned in the context of adjuvant therapies. Patients
with a score of 5 have very poor outcomes, and resection
without additional effective adjuvant therapy or outside of
adjuvant trials is highly questionable. Patients with a CRS
of 3, 4, or 5 are also ideal candidates for study of any novel
imaging modality designed to improve the detection of
occult disease. These would be patients most likely to
benefit from 18F-FDG whole-body positron emission to-
mography scanning38 or from radioimmunoimaging.39

As a practical illustration of the utility of the proposed
CRS, we will examine the clinical setting of the patient who
has small metastatic disease within the liver. The therapeu-
tic dilemma faced by the hepatobiliary surgeon in this
setting is the timing of hepatic resection. When an early
operation is undertaken, there is the risk of missing tumors
that are even smaller than those triggering intervention, and
there is the worry that additional disease will manifest soon
after hepatic resection and prove the operation to have been
unjustified or inadequate. The alternative approach of de-
laying surgery to allow any hidden disease to manifest and
to direct surgical planning runs the risk of allowing new
metastases from established metastatic sites.40 The applica-
tion of the CRS to patients in the current study with largest
tumors,3 cm is presented in Figure 6. Patients with scores
of 0, 1, or 2 have a very favorable outcome (median survival

Table 6. PREDICTORS OF RECURRENCE AFTER HEPATIC RESECTION FOR METASTATIC
COLORECTAL CANCER

Study
Patient

Age
Primary
Stage

Metastases

Synchronous Size Number Bilobar Satellite Chemo Surgical Margin CEA

Foster, 197825 — N N Y Y — — — — —
Adson, 198426 — Y N N N N — — — —
Fortner, 198427 N Y — N N — — N — N
Butler, 198628 N Y N N N — — N N —
Hughes, 19885 — Y Y Y Y Y — Y Y Y
Nordlinger, 19874 — — — N N — — — — —
Cobourn, 198730 — N N — Y — N — — —
Schlag, 199031 — — Y — — — — — — —
Doci, 199132 N Y N N N N — — — N
Younes, 199133 — N N Y Y — — — — Y
Scheele, 199134 N Y Y N N N Y — Y —
Rosen, 19923 — N N N N — Y — N —
Cady, 199235 N N N N Y — — — Y Y
Gayowski, 19942 Y Y N N Y Y — — Y —
Nordlinger, 199512 Y Y Y Y Y N — — Y Y
Scheele, 19951 N Y Y Y N N Y — Y Y
Fong, 19976 N Y Y Y Y Y — Y Y Y
Current study N Y Y Y Y Y — — Y Y
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55 months, 5-year survival rate 47%). These patients are
clearly good candidates for hepatic resection, and immedi-
ate surgery should be considered. In patients with 3 or 4
points, however, the outlook is more guarded. In these
patients, delayed surgery to allow better assessment for
additional disease, surgery in the context of aggressive
adjuvant therapy, or neoadjuvant therapy to document ef-
fective adjuvant therapy before resection are all rational
courses of action. This scoring system may allow selection
of patients for trials comparing these approaches.

Many ablative methods have been proposed for the treat-
ment of liver tumors. Of these, cryoablation41 and radiofre-
quency ablation42 show the greatest promise as treatment
for metastatic colorectal cancer. Although unlikely to be
curative for large lesions, it is possible that these ablative
techniques may produce complete destruction of smaller
(,3 cm) tumors. What role these ablative techniques will
play in the clinical care of the patient with metastatic
colorectal cancer, and more specifically how these modali-
ties will compare with surgical resection in the treatment of
patients with small tumors are questions of considerable
importance. Data from the current study demonstrate that
patients with tumors#3 cm have a very favorable outcome
after resection. The median survival exceeds 50 months, and
5-year survival can be expected in 44% of patients. Results
of any study of ablative treatments of small liver metastases
must be compared against such favorable results, which at
present remain the gold standard. The wide range of out-
comes in patients with small tumors as related to the CRS
proposed here demonstrate that a stratification score such as
this must be used in comparative studies of ablative thera-
pies.

The data presented are further documentation that resec-

tion of hepatic colorectal metastases represents safe and
effective therapy. An ever-more-aggressive approach is be-
ing undertaken based on the improving safety of hepatic
resection and as a result of the inability of other therapies to
produce long-term survival. It is also clear that systemic
chemotherapy may have the greatest impact in the adjuvant
setting where residual disease is minimal and microscopic.
In a recent study of combined regional and systemic adju-
vant chemotherapy, patients with an unfavorable CRS ben-
efited most from such aggressive adjuvant chemotherapy.20

A CRS such as that proposed here may well find utility not
so much in eliminating candidates for resection, but in
selecting adjuvant therapy.

Many promising, novel cancer therapies in the preclinical
stages of development are likely to reach fruition and clin-
ical trial in the near future. These include oncolytic viral
therapy,43 radionucleid therapeutic modalities,44 and im-
mune strategies.45 As these and other therapies are evalu-
ated clinically, rational comparisons among the large num-
ber of treatment approaches will be possible only if well-
defined and proven criteria for patient stratification are
available. The current study presents a CRS that may fill this
role. It incorporates in a straightforward and easily applica-
ble scale widely accepted prognostic factors that are avail-
able for all patients at all centers. The current study attempts
to validate this system using the largest single-institution
experience in this disease yet reported. We hope that this
CRS will not only contribute to the routine care of patients
with metastatic colorectal cancer, but also will assist in the
planning and execution of clinical trials, particularly in the
multicenter setting.
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Discussion

DR. HENRY A. PITT (Milwaukee, Wisconsin): I would like to
thank Drs. Blumgart and Fong and their colleagues for the oppor-
tunity to review their manuscript and to discuss this excellent
paper.

As you just heard, their experience is extensive. Their short- and
long-term results are excellent, and their analysis is very complete.
Their data are very important because their analysis includes a
large number of patients from a single institution managed by a
small number of surgeons. With this power, they confirmed that all
of the factors suggested in other analyses are predictors of outcome
in their patients. With this information, they have proposed a
clinical risk score that should be useful in the design of future
studies. Analysis of this and other studies suggests that extrahe-
patic disease, positive margins, and the number of liver lesions are
the best predictors of outcome.

Among these three factors, the one that can be assessed most
accurately preoperatively is the number of liver lesions. Thus, in
this and most other similar analyses in the literature, the vast
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majority of patients who have been explored for surgical therapy
have had four or fewer lesions on preoperative studies. However,
with the introduction of new techniques such as cryotherapy and
radiofrequency ablation, the value of the number of lesions as a
predictor of outcome must be questioned.

To address this issue, a more aggressive surgical approach to
colorectal liver metastases was undertaken by Dr. Edward
Quebbeman at the Medical College of Wisconsin in 1993. With the
addition of cryoablation to the surgical armamentarium, 28% of
106 patients undergoing a potentially curative procedure had more
than four metastases.

This slide demonstrates the survival by the number of tumors
treated. As you can see, the median and 3-year survival was
actually slightly greater in the patients with five to eight lesions
compared to those with one to four, although this difference was
not statistically significant. With this approach, the presence of
extrahepatic disease and the ability to perform a curative procedure
were predictors of outcome in a multivariate analysis, but the
number of lesions was not predictive of outcome.

On the basis of these data, which were presented at the Central
Surgical Association last month, we recommended that patients
with up to eight liver lesions should be explored, with the goal to
resect and/or ablate all of the liver lesions. Therefore, my two
questions are whether you have used ablative procedures in any of
your patients and whether you believe that the number of metas-
tases should be used as a criterion for exploration now that we
have the availability of ablative procedures.

PRESENTERDR. LESLIE H. BLUMGART (New York, New York):
Thank you, Dr. Pitt. Of course we have used ablative procedures.
But the patients are not included in this series of resection. The
purpose of the study was to examine exactly what you are sug-
gesting, that is, to assess these factors in such a manner that we
could define a reasonable scoring system to allow stratification of
patients for study with such modalities as cryosurgery and other
ablative procedures.

DR. ROBERT M. BEAZLEY (Boston, Massachusetts): To my
knowledge, the first reported resection for colorectal metastasis to
the liver occurred in 1941 by Richard Catell at the Lahey Clinic,
and since that time, a considerable body of literature has developed
in this area. Dr. Fong’s paper is a notable addition in that it is the
largest single-institution experience, one accumulated during a
relatively short period of time by a small number of surgeons.
Their conclusions are straightforward and clinically quite useful. It
is especially helpful from a clinical standpoint that their proposed
clinical risk score can be applied in making preoperative decisions
and thus permit appropriate focusing of our resources.

For example, patients presenting with liver metastasis 4 to 6
months after a primary resection currently present a bit of a
dilemma. I have always suggested some chemotherapy and a
watch-and-wait attitude before surgery. The clinical risk score
provides us with selection guidance, suggesting that a low-score
patient is an immediate resection candidate, while those patients
who might be three, four, or five are not, and perhaps watch-and-
wait is the best course for them.

I have a few questions for the authors. First, in that you have
done a large number of extended liver resections with an extremely
acceptable mortality, is there any special testing that you do
preoperatively to predict liver reserve in those patients you antic-
ipate extended resection? Should age be a consideration in major

extended resection, particularly in the elderly where you may be
anticipating a trisegmentectomy? Would you suggest that we not
resect or delay resection in those who have scores in the 4 and 5
range? In your study, this constituted a small group of patients, and
I would like to know how you feel about that. Lastly, comment on
your criteria for reresection of patients, the patient who is success-
fully resected and comes back a year or two later with another
metastasis. How do you decide about that?

I think the authors are to be congratulated on their skill and
perseverance in performing these demanding procedures. We are
in debt to you for providing us with your data, which I predict will
prove to be clinically quite useful.

DR. BLUMGART: Thank you very much, Dr. Beazley. I will take
the points you mentioned one at a time and then I would like to
take up one other comment you made.

First, in relation to liver reserve: We have not taken any partic-
ular refined measurements of liver functional capacity (these pa-
tients were not cirrhotic) but relied on the fact that we can see a
good functional piece of liver on, for instance, a CT scan with
good vascularization and good outflow. If we can resect these
patients and maintain a good portal inflow and a good hepatic
venous outflow, we have had no particular concerns even with very
extensive resection.

In relation to age, we presented at this Society some years ago
a paper relating age to mortality and outcome in pancreaticoduo-
denectomy and in liver resection, and showed no difference in
outcome between patients older than or younger than 70 years.

The question of a delay in the timing of resection for patients
with score of 4 or 5: I wonder if I could answer that by just relating
it to the other comment you made in relation to patients who have
a recurrence within the first year or have a synchronous metastasis.
These are small metastases less than 3 cm in size, maybe one or
two metastases present. You are quite right, these patients present
a dilemma for us as well as for you.

It is of some interest that we took the proposed score and we
looked at patients with tumors 3 cm or less in size and applied the
score to the outcome. Those patients with a score of 0 to 2 had a
5-year survival of 47%, whereas patients with a score of 3 to 5 had
only a survival of 24%.

This is a very significant difference and does suggest that the
proposed scoring system may be of some value in selecting pa-
tients with such small lesions either for immediate resection or for
study, for instance, in neoadjuvant regimes. I think that your
question is relevant and important and it is one which the use of
this scoring system may help answer.

You asked about the reresection. Yes, we have published in that
area as well. But so have many others. Reresection has been shown
to be safe, with no greater operative mortality than primary resec-
tion, and also to yield good results. I think you were asking how
did we select such patients. I think the answer is, with some
difficulty, but always looking to the feasibility of resection based
on the anatomical distribution of the recurrence.

DR. JOHN TERBLANCHE (Cape Town, South Africa): It is a great
privilege to be able to congratulate the authors on their seminal
paper, which I think will alter our practice. Two questions for Dr.
Blumgart.

Vol. 230 ● No. 3 Metastatic Colorectal Cancer 319



The first is: In the abstract you have proposed six criteria, while
in the presentation and the paper you use five criteria. I understand
the reason for the change. Is there a subset of the patients who have
either a score of 6 or of 5 where it is not worthwhile treating them?
It would be important to identify those patients who we are
currently treating, but who should be considered to be inoperable.
They could then be considered for alcohol injection or other
palliative treatment.

The second question is: In several published papers, other cri-
teria have been presented as important. Why the difference? Is it
because you have been able to assess a very large number of
patients?

DR. BLUMGART: Thank you, Dr. Terblanche. Yes, the abstract is
different from the presentation. This is because when we looked at
the bilaterality of tumors, it was not, in fact, of significance. It is
impossible to separate, as Dr. Fong said in the presentation, num-
ber and size of tumors from bilaterality, so we dropped bilaterality
and concentrated on the five score points mentioned.

If I have the second question right, I think you are asking how
this score differs from that of others. It doesn’t really. It simply
takes a limited number of factors which are easily available pre-
operatively. It omits things which we cannot know preoperatively
and allows anybody in any institution to use the system and to
participate in the staging of patients in, for example, multicenter
studies.

It is important that I emphasize that a score of 5 would not cause
us to refuse resection to any one patient. The results are often good
in spite of adverse factors. However, the score does give a good
prognostic index. Its major value, however, will be in allowing
stratification of patients in prospective studies of adjuvant or
alternative treatment modalities.

DR. SHUNZABURO IWATSUKI (Pittsburgh, Pennsylvania): We also
have a fair-sized database of hepatic metastasis in Pittsburgh and
recently completed our study. Our prognostic scoring system will
be published in the August issue of theJournal of the American
College of Surgeons.

Our study revealed 12 risk factors to be significant by univariate
analysis, and only four factors to be independently significant by a
stepwise Cox regression model with likelihood ratio test, as shown
in the slide. The two factors, CEA level and positive node at colon
surgery, were not independent factors, and therefore both were
eliminated from the scoring system.

High CEA level is known to have a close relationship with
tumor load, such as size and number of tumor. Positive node at
colon surgery, or stage of primary tumor has a close relationship to
tumor-free interval (time to hepatic recurrence).

The inclusion of those two confounding factors in scoring
system surely makes the grading less accurate by counting the
same kind of risk factors repeatedly.

My questions are: One, did you use a stepwise Cox regression
model or nonstepwise Cox regression model? Two, did you sta-
tistically confirm that all of your six risk factors in the grading
system were independent to each other? Finally, I have a great
concern in your statistical methods.

DR. BLUMGART: Thank you very much, Dr. Iwatsuki, for telling
me what we should have done! At least I think I understand what
you are telling me I should have done.

In point of fact, we did do a multivariate analysis and the data
have been presented. I am not sure why it differs from the data that
you say you are about to publish. I know that your publication—I
think the author was Dr. Gayowski—in 1994 in fact mentioned
many of the same factors we have discussed. Maybe the difference
in opinion relates to the number of patients in the studies. It may
be that with the large number of patients we have, we are seeing
a different result to those which you would wish us to report.

DR. HAROLD J. WANEBO (Providence, Rhode Island): Dr. Blum-
gart, I would like to congratulate you, Dr. Fong, and your coau-
thors for an outstanding series and for coming up with a clinical
scoring system that has some statistical validity.

I have two questions. The first is regarding intraoperative selec-
tion factors that would preclude resection. What factors are you
currently utilizing for patients on the operating table to exclude a
resection and what do you subsequently do with that patient?

The second question refers back again to the problem of liver
reserve. On a practical basis, what is the bottom line regarding the
amount of liver that can be left behind in a patient without cirrhosis
within the middle-aged group? Is 20% acceptable? Give us a
bottom line.

DR. BLUMGART: Thank you, Dr. Wanebo. I will start with the last
question first. As you know, I visited with you not long ago and we
debated this point. I think it is all right if you want to do refined
tests of hepatic functional reserve. We just don’t find them useful.
If you look at our results, even with very extensive resection, I
think our attitude is substantiated. It is quite different in the
cirrhotic liver and you can make an argument for your approach
there. However, I don’t really feel that the time, effort, and money
spent doing these tests in the patient with a noncirrhotic liver
justifies the effort. The results speak for themselves. We have a
2.8% mortality in 1000 cases. I don’t think more than three or four
of these people died of liver failure. So I don’t think that refined
liver functional assessment is very important.

I think the other question you raise is more interesting: What do
we do at operation? Well, we resected 79% of all tumors in
patients that we took to the operating room. In fact, in the recent
year or so, we have been doing laparoscopy prior to laparotomy in
these patients. Doing that, you pick up some patients who would
not go on to open operation. Using this approach, the resectability
rate is now in excess of 90%. This means that we have relatively
few patients in which we have the problem you raise.

DR. WANEBO: Finally, I guess the real question is a philosophical
one regarding the management of nonresectable patients. Many of
us believe in the use of hepatic artery infusion in patients who are
not candidates for resection. This, of course, means that one has to
plan for placing a hepatic artery catheter and pump up front. The
question is whether the patient would benefit from placement of a
hepatic artery catheter so the operation is not wasted. We are aware
of the controversy regarding its contribution to improved survival,
but believe there is confirmed benefit of controlling disease in the
liver.

DR. BLUMGART: It really is a question of how you design clinical
trials in relation to the use of infusaid therapy or other approaches.
You say you “believe in it.” Yes, we probably are beginning to
believe in it, too.
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As you know, there has been a prospective randomized trial of
infusaid pump chemotherapy running at Memorial Sloan-Kettering
Cancer Center. That trial has recently closed. Initial results suggest
that infusaid pump chemotherapy may improve survival, particu-
larly in patients with more than two tumors. I think for those few
patients that you cannot resect, it is appropriate to have some form
of alternative therapy available. This is, in fact, what you are
suggesting. However, I would again emphasize that a scoring
system such as we propose is important in stratifying patients for
prospective studies of adjuvant or alternative therapy.

DR. HENRI BISMUTH (Villejuif, France): This is an important
paper, and I congratulate Dr. Fong and Leslie Blumgart for it.
My question concerns the group of patients who have more than
three predictors of mortality. I am upset by the possibility that
some physicians, or even surgeons, might take this score as an
argument against liver resection. Indeed, what this paper shows
is that, in this group of patients, the 5-year survival is around
20%, less than the 54% in Group 1, but certainly better than the
0% which would be expected in similar patients without resec-
tion. This is a very important point. My policy is to try to resect
when it is technically possible in terms of anatomy and function
of the remaining liver, and to use some kind of neoadjuvant
treatment, especially chemotherapy. We must try to give the

patient the chance, even small, of a cure. I am sure, Leslie, that
you will agree with this.

DR. BLUMGART: Thank you very much, Professor Bismuth. As
always, you make a very important point, and it is a pleasure to be
able to agree with you. I don’t know what to do with these patients
either. But you are absolutely right; the current results of chemo-
therapy leave much to be desired.

I think your approach, which you have published and champi-
oned recently, of trying to convert some patients who appear to be
irresectable to resectability is an aggressive chemotherapeutic re-
gime which you have shown can work. I think it is an appropriate
approach which others should attempt to duplicate. We have
recently operated on a few patients in whom we have had multiple
small tumors in the right lobe and a very small hemiliver on the
other side (i.e., a small left lobe). This has been of some concern
coming back to the point that Dr. Wanebo raised in relation to liver
function. We have used unilateral portal vein embolization to
induce atrophy on the affected side and hypertrophy in the pro-
posed remnant. This approach, first championed by Makuuchi in
Japan, can be of value in this situation.

So I am sure you are right. As we get better at hepatic resection,
we could use a scoring system like this to pick the cases more
likely to have a poor outcome.
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