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Abstract

Background The aim of this study was to analyze the

prognostic factors associated with long-term outcome after

liver resection for colorectal metastases. The retrospective

analysis included 297 liver resections for colorectal

metastases.

Methods The variables considered included disease stage,

differentiation grade, site and nodal metastasis of the pri-

mary tumor, number and diameter of the lesions, time from

primary cancer to metastasis, preoperative carcinoembry-

onic antigen (CEA) level, adjuvant chemotherapy, type of

resection, intraoperative ultrasonography and portal

clamping use, blood loss, transfusions, complications,

hospitalization, surgical margins status, and a clinical risk

score (MSKCC-CRS).

Results The univariate analysis revealed a significant

difference (p \ 0.05) in overall 5-year survival rates

depending on the differentiation grade, preoperative CEA

[5 and [200 ng/ml, diameter of the lesion [5 cm, time

from primary tumor to metastases [12 months, MSKCC-

CRS [2. The multivariate analysis showed three inde-

pendent negative prognostic factors: G3 or G4 grade, CEA

[5 ng/ml, and high MSKCC-CRS.

Conclusions No single prognostic factor proved to be

associated with a sufficiently disappointing outcome to

exclude patients from liver resection. However, in the

presence of some prognostic factors (G3–G4 differentia-

tion, preoperative CEA [5 ng/ml, high MSKCC-CRS),

enrollment of patients in trials exploring new adjuvant

treatments is suggested to improve the outcome after

surgery.

Liver resection is the gold standard approach for the

treatment of liver metastases from colorectal cancer. A

recent meta-analysis [1] revealed a survival rate for

patients undergoing resection of metastases from colorectal

cancer of 16% to 49% after 5 years and 17% to 33% after

10 years, with the operative mortality ranging from 0% to

9%. In contrast, chemotherapeutic treatments presented a

median survival duration of 12 to 18 months [2], and

patients not receiving any treatment had a median survival

duration ranging from 6 to 12 months [3, 4].

Recent technologic advances and scientific develop-

ments have led to an expansion of the indications for liver

resection to treat metastases from colorectal tumor. The

development of surgical techniques, the introduction of

intraoperative ultrasonography (IOUS) and modern paren-

chymal dissection tools, the evolution of perioperative

management, the experience derived from hepatic resec-

tion for living donor liver transplants, and the development

of dedicated surgical units [5] has led to surgery with the

perioperative risk and biologic impact significantly

reduced.

Indeed, the traditional limitation to surgery—intrahepatic

extension of the tumor and subsequent unacceptable demo-

lition of liver parenchyma—can today be at least partially

dismissed owing to the possibility that the patient can
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undergo sequential resection (‘‘two-stage hepatectomy’’

[6]). This is accomplished by inducing hypertrophy of the

remaining liver parenchyma by means of preoperative per-

cutaneous portal embolization or preoperatively reducing

the extent of the disease by administering neoadjuvant che-

motherapy. These techniques have been demonstrated to be

effective in allowing surgery in up to 15% of patients whose

tumor was originally considered unresectable [7]. Further-

more, concomitant extrahepatic disease and multiple bilobar

lesions no longer represent absolute contraindications to

liver resection, as significant survival has been described for

these subgroups of patients [8–12]. Finally, resection of

intrahepatic recurrent metastases after prior resection

showed late results substantially similar to those for the first

liver resection (34% after 5 years), thereby extending the

indications for surgery to patients with recurrence [12] or re-

recurrence [13] of liver metastases.

In addition, the last two decades have seen the introduc-

tion into clinical practice of new generations of

chemotherapic drugs and of percutaneous-interstitial abla-

tive methods and techniques that have proved to be effective

in treating liver metastases from colorectal cancer, even if

they do not achieve the results of hepatic resection. Treat-

ment of liver metastases by radiofrequency ablation (RFA)

allows a 4-year survival of 22%, even though it is inferior to

that seen after liver resection (65%) [14].

The concurrent development of two opposite trends in

treating liver metastases from colorectal cancer—extension

and repetition of surgical resection on the one hand and

systemic chemotherapy and percutaneous ablation on the

other—underline the need to determine which patients can

benefit from surgical aggressiveness. Such categorization

would identify patients with early postresection disease

progression and poor prognosis so as to exclude them from

liver resection and subject them to nonsurgical treatment.

Selecting patients at high risk for recurrence after liver

resection allows their enrollment in studies of adjuvant

chemotherapeutic treatments that might improve their

long-term prognosis.

The identification of prognostic factors for recurrence

after surgery for colorectal liver metastases thus represents

a primary aim for all professionals (surgeons, oncologists,

interventional radiologists, pathologists) involved in the

management of patients with liver metastases from a

colorectal tumor and in the analysis and study of the pro-

gression of colorectal cancer.

Materials and methods

This analysis retrospectively examined 257 patients

undergoing 297 liver resections for metastases from colo-

rectal tumors performed at the San Raffaele Hospital

Scientific Institute of Milan between 1982 and 2003 in the

three general surgery units now affiliated with the Surgery

Department.

Data concerning the examined patients were obtained

from a review of medical records of the hospitalizations

and ambulatory checks at the Surgery Unit or the Oncology

Department, as well as a consultation of the archives of our

institution (laboratory, instrumental, and pathologic data).

Patients undergoing follow-up and/or postsurgical treat-

ments in other institutions were called for a clinical

evaluation, and follow-up data (when possible) and infor-

mation on clinical outcome were updated by speaking with

the relatives on the telephone. The obtained data were

initially collected in three databases for the three units;

afterward, however, having established unequivocal crite-

ria for potentially heterogeneous parameters (e.g., stage of

the primary tumor, type of resection, postoperative com-

plications), a single institutional database was created. A

single record was built for each liver resection. Thus, for

patients undergoing a re-resection, a new record was

included, considering that scientific literature agrees on

stating that the outcome of the patient is similar after every

resection [13, 15].

Classifications and definitions

The stage of the primary tumor was classified according to

the UICC (TNM) and Dukes’ classifications. Liver resec-

tion was classified using the International Hepato-

Pancreato-Biliary Association (IHPBA) Brisbane 2000

Terminology of Liver Anatomy & Resections [16].

The Memorial Sloan-Kettering Cancer Center Clinical

Risk Score (MSKCC-CRS) with six categories (scoring 0–

5), introduced by Fong et al. in 1999 [17], was used to define

the risk classes for recurrence and progression of the tumor.

Each liver lesion that was present concomitantly with

the primary colorectal cancer was considered a synchro-

nous metastasis. Each liver metastasis diagnosed after

colorectal tumor resection was considered a metachronous

metastasis.

Anatomic liver resection indicated a resection per-

formed with a preliminary vascular check and successive

resection guided by ischemic demarcation lines. Any other

resection was defined as a nonanatomic resection. Resec-

tion margins were considered positive whenever there was

macroscopic or microscopic evidence of tumor on the

resected margin (R1).

Indications for resection and preoperative evaluation

For all patients, the indication for liver resection was

complete removal of the diseased portion of the liver,
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preserving a sufficient quantity of healthy residual liver

parenchyma where no extrahepatic disease was detected by

preoperative instrumental staging. The study included

patients with extrahepatic disease on condition that it had

been previously treated (e.g. local recurrence, lung

metastases, locoregional lymph nodes, limited peritoneal

localization) or removed simultaneously (intraoperative

finding) with the liver resection.

The size of metastases, the presence of multiple

metastases, the number of metastases, and bilateral local-

ization did not represent single criteria for excluding the

patient from liver surgery. In the case of synchronous

metastases to the primary colorectal tumor, the choice of

proceeding with liver resection at the same time or suc-

cessively depended on the surgeon’s evaluation, which

included several considerations (e.g., urgent or elective

surgery, extension of liver resection, performance status of

the patient, extension of colorectal surgery).

The resectability of liver lesions was evaluated by

means of contrast-enhanced computed tomography (CT)

and/or magnetic resonance imaging (MRI). Preoperative

staging included total body CT scanning and, more recently

but not routinely, positron emission tomography (PET).

Preparation for liver resection included autologous

blood donation when possible. For patients previously

undergoing chemotherapy, a time interval of at least 2

weeks was observed before surgery to allow recovery from

possible toxicity (hematologic, nephrologic, gastroenteric

alterations). Whenever surgery required resecting more

than 70% of the liver parenchyma, the patient underwent

preoperative percutaneous portal embolization followed by

liver resection 4 to 6 weeks later after CT evaluation of the

hepatic volume.

Surgery

The surgical technique varied during the long period of

data collection owing to the evolution and availability of

surgical instruments (ultrasound dissector, Harmonic

Scalpel, IOUS) and to establishing the three surgical

groups. In any case, appropriate criteria for surgery were

always respected. The dissection instruments and the

option of parenchymal hemostasis as well as local treat-

ments of the resected liver surface have been chosen by the

surgeons throughout the years and therefore have not been

considered in the present review.

Intraoperative ultrasonography has been available since

1993 for staging the disease and for evaluating hepatic

vascular anatomy and the relation between the tumor and

resection margins.

No specific guidelines or protocols for intraoperative

management of patient’s volemia have been used.

Postoperative monitoring was generally performed in the

surgical department. Postoperative care in the intensive

care unit was used only for patients at high surgical risk

(e.g., extended liver resection, additional surgical proce-

dures) or high anesthesiologic risk (American Society of

Anesthesiologists class [ 3).

Prognostic factors

To identify prognostic factors of long-term outcome we

analyzed factors related to the patient (age, sex), factors

related to the primary tumor (Dukes’ stage, grade of dif-

ferentiation, state of colonic lymph nodes, colonic or rectal

location of the primary tumor), factors related to the liver

metastases [single or multiple metastases, number of

lesions[3, size of the largest lesion[5 cm, synchronous or

metachronous metastases, time interval between resection

of primary tumor and appearance of liver metastases \12

months, monolobar or bilobar location of metastases, pre-

operative CEA values higher than the normal range ([5 ng/

ml) and [40 times the normal range ([200 ng/ml), pos-

tresection adjuvant chemotherapy], factors related to the

liver resection [type of liver resection (major, minor, ana-

tomic, nonanatomic), use of IOUS, intraoperative blood

loss [1000 ml, perioperative blood transfusions (heterol-

ogous, autologous), use and duration ([30 minutes) of

portal clamping, postoperative complications and hospi-

talization, positive or negative resection margins]. The

MSKCC-CRS risk score was calculated for each patient,

and its prognostic value was analyzed.

Statistical analysis

Survival analysis was performed using the Kaplan-Meier

method. The ‘‘log-rank’’ test was used for univariate anal-

ysis of survival curves. Multivariate analysis was performed

using the Cox proportional risk regression model to identify

those risk factors independently associated with survival

that had been statistically significant in the univariate anal-

ysis. Differences were considered significant at p\0.05.

Results

The results of case record analyses are shown in Table 1.

The types of resection are shown in Table 2.

Long-term survival

The long-term survival rate after liver resection was cal-

culated using the Kaplan-Meier method, and the results are
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Table 1 Univariate and multivariate analysis

Variable Median

(months)

5-Year

survival (%)

Overall survival

Univariate analysis

(log-rank)

Multivariate analysis

(hazard rate, 95%CI)

Sex (n = 297) p = 0.267 –

Male (171, 57.6%) 35 23.6

Female (126, 42.4%) 43 33.2

Age (n = 297) p = 0.635 –

\65 years (177, 59.6%) 39 28.4

C65 years (120, 40.4%) 35 26.4

Dukes’ stage, colorectal primary (n = 242) p = 0.322 –

A–B (73, 30.6%) 45 30.7

C (168, 69.4%) 32 26.8

T status, color ectal primary (n = 173) p = 0.694 –

T1-2 (19, 11.0%) 45 27.3

T3 (139, 80.3%) 36 25.0

T4 (15, 8.7%) 60 41.9

Grading, colorectal primary (n = 250) p = 0.0016 2.1

Grade 1–2 (215, 86.0%) 41 30.7 1.2–3.7

Grade 3–4 (35, 14.0%) 21 14.4 P = 0.012

Lymph nodes, colorectal primary (n = 242) p = 0.076 –

Negative (74, 30.6%) 47 32.7

Positive (168, 69.4%) 30 24.2

Site, colorectal primary (n = 246) p = 0.115 –

Colon (170, 69.1%) 39 31.3

Rectum (76, 30.9%) 33 21.2

Preoperative CEA (ng/ml) (n = 161) p = 0.0016 2.1

B5 (44, 27.3%) 70 51.1 1.1–3.9

[5 (117, 72.7%) 30 15.5 p = 0.024

Preoperative CEA (ng/ml) (n = 161) p = 0.001 1.6

B200 (137, 85.1%) 36 27.9 0.7–3.7

[ 200 (24, 14.9%) 16 17.4 p = 0.223

Synchronous/metachronous metastases (n = 288) p = 0.079 –

Synchronous (112, 38.9%) 33 22.2

Metachronous \12 months (56, 19.4%) 35 25.7

Metachronous [12 months (120, 41.7%) 45 35.9

Synchronous/metachronous metastases (n = 288) p = 0.082 –

Synchronous (112, 38.9%) 33 22.2

Metachronous (176, 61.1%) 42 32.4

Interval from primary colorectal (n = 288) p = 0.042 1.1

B12 months (168, 58.3%) 32 23.0 0.5–2.2

[12 months (120, 41.7%) 45 36.1 p = 0.783

Diameter largest lesion (n = 284) p = 0.0074 1.0

B5 cm (186, 65.5%) 42 30.0 0.5–1.8

[5 cm (98, 34.5%) 29 18.8 p = 0.900

Single or multiple metastases (n = 283) p = 0.234 –

1 lesion (166, 58.7%) 39 33.6

[1 lesion (117, 41.3%) 35 21.4
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Table 1 continued

Variable Median

(months)

5-Year

survival (%)

Overall survival

Univariate analysis

(log-rank)

Multivariate analysis

(hazard rate, 95%CI)

No. of metastases: 1 vs. 2–3 (n = 255) p = 0.489 –

1 (165, 64.7%) 39 33.6

2–3 (90, 35.3%) 41 25.5

No. of lesions (n = 283) p = 0.060 –

\3 lesions (230, 81.3%) 41 32.8

C3 lesions (53, 18.7%) 30 15.3

Distribution of liver disease (n = 291) p = 0.039 1.0

Monolobar (217, 74.6%) 41 31.9 0.6–1.9

Bilobar (74, 25.4%) 30 15.5 p = 0.920

Resection margins (n = 274) p = 0.973 –

Negative (222, 81.0%) 36 26.9

Positive (52, 19.0%) 35 30.6

Resection margins (n = 171) p = 0.706 –

C1 cm (53, 31.0%) 36 23.2

\1 cm (118, 69.0%) 33 23.1

Type of resection (n = 292) p = 0.806 –

Major (95, 32.5%) 35 22.9

Minor (197, 67.5%) 38 29.3

Type of resection (n = 294) p = 0.452

Anatomic (188, 63.9%) 36 24.9

Nonanatomic (106, 36.1%) 32 28.8

Use of IOUS (n = 135) p = 0.375 –

Yes (40, 29.6%) 46 39.9

No (95, 70.4%) 35 26.2

Intraoperative blood loss (n = 162) p = 0.203 –

B1000 ml (128, 79.0%) 42 32.8

[1000 ml (34, 21.0%) 32 18.4

Perioperative transfusions (n = 214) p = 0.045

None (100, 46.7%) 33 24.5 0.8

Autologous (29, 13.6%) 51 44.6 0.6–1.1

Heterologous (85, 39.7%) 35 26.0 p = 0.117

Perioperative transfusions (n = 185) p = 0.655 –

None (100, 54.1%) 33 24.5

Heterologous (85, 45.9%) 35 26.0

Portal clamping (n = 167) p = 0.753 –

Yes (77, 46.1%) 36 22.6

No (90, 53.9%) 35 28.7

Duration of portal clamping (n = 76) p = 0.545 –

\30 minutes (42, 55.3%) 41 23.6

C30 minutes (34, 44.7%) 24 23.1

Postoperative complications (n = 176) p = 0.117 –

Absent (229, 83.0%) 37 29.2

Present (47, 17.0%) 28 16.4

Postoperative hospital stay (n = 236) p = 0.161 –

B14 days (182, 77.1%) 37 28.0

[14 days (54, 22.9%)28 22.5
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indicated in the respective survival curve in Figure 1). The

median overall survival was 36 months, and the actuarial

survival was 90.6% after 1 year, 51.0% after 3 years,

27.5% after 5 years, and 16.9% after 10 years.

Univariate analysis of prognostic factors influencing

long-term survival

Demographic data

The sex and age of the patients did not show a statistically

significant difference concerning overall survival.

Primary colorectal tumor-related factors

The localization and stage of the primary tumor did not

show a statistically significant difference concerning sur-

vival after liver metastasis resection. On the other hand, a

statistically significant difference (p = 0.0016) emerged

regarding the survival of patients whose primary tumor was

well differentiated [grade 1 (G1) and 2 (G2)] (median

survival 41 months; 5-year survival 30.7%) with respect to

patients with a less differentiated tumor (G3 and G4)

(median survival 21 months; 5-year survival 14.4%).

Preoperative CEA values higher than the normal range

([ 5 ng/ml) were found to worsen the long-term prog-

nosis (median survival 30 vs. 70 months; 5-year survival

15.5% vs. 51.1%: p = 0.0016). Prognosis was even worse

when preoperative CEA values were found to be [40

times the normal range ([200 ng/ml) (median survival 16

vs. 36 months; 5-year survival 17.4% vs. 27.9%: p =

0.0001).

Liver metastasis-related factors

No statistically significant difference was found for sur-

vival of patients with multiple metastases and with more

than three metastases with respect to patients with a single

metastasis. Furthermore, a diameter of the largest lesion[
5 cm was a negative prognostic factor (median survival 29

vs. 42 months; 5-year survival 18.8% vs. 30.0%: p =

0.0074), as was the distribution of liver lesions on both

hepatic lobes (median survival 30 vs. 41 months; 5-year

survival 15.5% vs. 31.9%: p = 0.039).

The occurrence of liver lesions after a disease-free

interval from colorectal tumor lasting less than 12 months

was found to be a negative prognostic factor concerning

survival after liver resection (median survival 32 vs. 45

months; 5-year survival 23.0% vs. 36.1%: p = 0.042).

Table 1 continued

Variable Median

(months)

5-Year

survival (%)

Overall survival

Univariate analysis

(log-rank)

Multivariate analysis

(hazard rate, 95%CI)

Adjuvant chemotherapy (n = 287) p = 0.556 –

Yes (171, 59.6%) 36 28.2

No (116, 40.4%)34 27.0

Adjuvant chemotherapy (n = 287) p = 0.834 –

None (116, 40.4%) 34 27.0

Systemic (101, 35.2%) 41 27.7

Locoregional (70, 24.4%) 36 29.2

MSKCC-CRS score (n = 136) p = 0.0043

0 (9, 6.6%) 50 43.7

1 (29, 21.3%) 60 46.2 1.3

2 (43, 31.6%) 35 28.6 1.1–1.6

3 (37, 27.2%) 37 21.8 p = 0.008

4 (16, 11.8%) 24 0

5 (2, 1.5%) 12 0

MSKCC-CRS score (n = 136) p = 0.017 0.9

0–2 (81, 59.6%) 41 36.4 0.4–2.4

3–5 (55, 40.4%) 30 16.3 p = 0.889

CEA: carcinoembryonic antigen; IOUS: intraoperative ultrasonography; MSKCC-CRS: Memorial Sloan-Kettering Cancer Center Clinical Risk

Score
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Surgery-related factors

Extension and type of resection, use and duration of portal

clamping, intraoperative blood loss, and use of IOUS were

not of significant importance as prognostic factors for long-

term survival. Nor did neoplastic infiltration of resection

margins or a resection margin free from disease of \1 cm

prove to be negative prognostic factors for survival. Post-

operative complications and postoperative care in the

hospital for more than 2 weeks also did not appear to have

a negative influence on long-term survival.

Patients requiring heterologous blood transfusions had a

survival similar to that of patients not receiving blood

transfusions (median survival 35 vs. 33 months, 5-year

survival 26.0% vs. 24.5%: p = 0.665). However, when

considering autologous blood transfusions, a statistically

significant difference emerged concerning the survival

curves of the three groups. There was longer survival of

patients who were given autologous blood transfusions

(median survival 51 months; 5-year survival 44.5: p =

0.045).

Factors related to postresection adjuvant treatment

Adjuvant treatment with systemic or locoregional intraar-

terial chemotherapy did not significantly influence survival

after liver resection.

Risk classes for recurrence

Considering risk classes defined according to the MSKCC-

CRS [17], a statistically significant difference emerged on

the overall survival of the six risk classes considered singly

(p = 0.043). The six classes were also classified into two

groups—low risk (score 0–2) and high risk (score 3–5)—

confirming the negative prognostic value of high-risk

classes according to the MSKCC-CRS (median survival

30 vs. 41 months; 5-year survival 16.3% vs. 36.4%: p =

0.017).

Multivariate analysis of prognostic factors influencing

long-term survival

Multivariate analysis of risk factors for long-term survival

considered the following parameters: moderate or poor

differentiation grade (G3–G4), preoperative CEA values

[5 ng/ml and [200 ng/ml, disease-free interval after

resection of colorectal tumor \12 months, diameter of the

largest lesion[5 cm, bilobar distribution of hepatic lesions,

need for perioperative heterologous or autologous blood

transfusions, risk class according to the MSKCC-CRS

considering the six classes or the two groups (low risk

versus high risk). Of the above-mentioned variables, dif-

ferentiation grade G3–G4 (Fig. 2), preoperative CEA

values higher than the normal range ([5 ng/ml) (Fig. 3),

and the high-risk class according to the MSKCC-CRS

(considering the six classes singly) (Fig. 4) proved to be

independent negative prognostic factors.

Discussion

The present study retrospectively analysed 297 liver

resections for colorectal cancer metastases with the aim of

Table 2 Resection data

Liver resection No.

Right hepatectomy 52 (17.7%)

Left hepatectomy 21 (7.1%)

Right trisegmentectomy 4 (1.4%)

Left trisegmentectomy 1 (0.3%)

Right posterior sectorectomy 12 (4.1%)

Right anterior sectorectomy 5 (1.7%)

Left medial sectorectomy 6 (2.1%)

Left lateral sectorectomy 10 (3.4%)

Bisegmentectomy 19 (6.5%)

Segmentectomy 51 (17.3%)

Subsegmentectomy 105 (35.7%)

140120100806040200
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Fig. 1 Overall survival from liver resection of the studied population,

analyzed with the Kaplan-Meier method
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identifying prognostic factors for long-term outcome. The

present population is one of the widest data collections

described by Italian authors in the English-language liter-

ature [18–21], presenting the experience of an institution

that represents more than a single center. However, it has to

be said that even if the present series includes the experi-

ence of three groups it is more homogeneous than

retrospective studies and multicentric surveys. This is

because it is characterized by elements common to the

three groups (diagnostics, anesthesiology management,

pathology, medical oncology), which have been deter-

mined to have real homogeneity in obtaining many of the

analyzed data. Moreover, no statistically significant dif-

ferences emerged in the distribution of the analyzed factors

(data not shown), indicating that there have been no sub-

stantial differences in the three groups regarding the

following: selection of patients undergoing liver resection

(age, single or multiple lesions, unilobar or bilobar lesions,

number or size of lesions), in the choice of the surgical

approach (liver resection concomitant with or successive to

colorectal surgery, use and duration of portal clamping), in

the surgical ‘‘performance’’ (percentage of positive resec-

tion margins and width of the margins, perioperative

morbidity/mortality, perioperative transfusions, postopera-

tive hospitalization), or in the postresection oncologic

protocols (adjuvant chemotherapy) able to determine sig-

nificant differences in long-term outcome. In fact, the three

groups of patients had similar 5-year survivals and disease-

free intervals (data not shown).This study includes liver

resections performed over a period of almost 22 years. The

study period was split into two intervals, each lasting 11

years (1982–1992, 1993–2003). No significant difference

was found between the two time periods with regard to

patient survival. The favorable outcome of the first-decade

patients—despite the absence of the positive impact of

modern chemotherapy regimens and the development of

surgical techniques and preoperative staging characterizing

the management of patients during the last years—is

probably related to the more restricted indications for

surgery (as regards the number and diameter of the lesions
Fig. 2 Survival after hepatic resection of the patients as related to

differentiation grade of the primary colorectal tumor (G1-2 vs. G3-4)

Fig. 4 Survival after hepatic resection of the patients as related to the

Memorial Sloan-Kettering Cancer Center Clinical Risk Score

(MSKCC-CRS), all classes

Fig. 3 Survival after hepatic resection of the patients as related to the

preoperative carcinoembryonic antigen (CEA) level ([5 or\5 ng/ml).

Cum: cumulative
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or inclusion of elderly patients with concomitant cardio-

pulmonary diseases—data not shown).

The overall 1-, 3-, 5-, and 10-year survivals were 90.6%,

51.0%, 27.5%, and 16.9%, respectively, similar to data

obtained from the scientific literature [17, 22], once again

confirming the generally accepted opinion that liver

resection is the most effective treatment for liver metas-

tases from colorectal tumor. The overall morbidity was

17%, and mortality was 0.7%. Our data are similar to the

suggested standards for major liver surgery [1, 5, 23] and

confirm the safety of liver resection for metastases from

colorectal cancer.

As for factors related to the primary tumor, Dukes’

staging, colonic lymph node neoplastic infiltration, and

colonic or rectal location of the cancer did not have sig-

nificant prognostic value. As has been noted before, the

prognostic value of these factors is still debated, with some

authors declaring that it has value and others denying it

[17, 18, 22, 24–28]. It is possible that adjuvant chemo-

therapy given after colorectal resection—which in our

series was performed in various centers with different

indications, types, and schedules of drug administration—

could have masked the prognostic value of some factors

related to the primary tumor, especially concerning infil-

tration of visceral serosa and colonic lymph nodes. The

present study, based on univariate and multivariate analy-

ses, indicates a prognostic value for the CEA level, which

correlates with a significant difference in the 5-year sur-

vival for values of [200 ng/ml (5-year survival for CEA

\200 ng/ml vs. CEA [200 ng/ml: 27.9% vs. 17.4: p =

0.0001), as indicated by several authors [17, 28, 29], and

for values just above the normal range (5-year survival for

CEA \5 ng/ml vs. CEA [5 ng/ml 51.1% vs. 15.5%: p =

0.0016), as stated by others [30]. The negative prognostic

value of a high preoperative CEA level was also described

by Fong et al. [17] and was used to elaborate the MSKCC-

CRS. Our experience suggests that even a moderate

increase in CEA values must be considered a relevant

negative prognostic factor for long-term survival. Our

results show also that the differentiation grade of the tumor

correlates with the long-term outcome of patients (5-year

survival for G1–G2 vs. G3–G4 30.7% vs. 14.4%: p =

0.0016) and is an independent prognostic factor at the

multivariate analysis, as is the preoperative CEA level.

This result appears reasonable considering that poor dif-

ferentiation of a tumor cell is generally associated with

greater aggressiveness of the cancer.

In our case series, high preoperative CEA and high

grading (G3–G4) identified the patients with the poorest

prognosis after liver resection for metastases from colo-

rectal cancer. Patients with high preoperative CEA as well

as patients with unfavorable grading show a median sur-

vival (30 and 21 months, respectively) higher than that

obtainable with chemotherapy regimens, which is usually

\19 months, based on the best results described in the

literature [31, 32]. Therefore, elevated CEA and an unfa-

vorable grade cannot be used to identify groups of patients

to be excluded a priori from liver resection. In fact, Bis-

muth, in the discussion of Fong et al.’s article [17], stated,

‘‘my policy is to try to resect when it is technically possible

in terms of anatomy and function of the remaining liver….

We must try to give the patient the chance, even small, of a

cure’’.

As regards metastasis-related factors, bilobar location,

major diameter of the larger lesion [5 cm, time interval

between resection of the primary tumor, and appearance of

metastases \12 months were significantly correlated with

long-term outcome according to the univariate analysis,

even if none of these factors emerged as an independent

prognostic factor during the multivariate analysis. No

prognostic value emerged regarding single or multiple

metastases, number of lesions [3, synchronous or

metachronous metastases, or postresection adjuvant che-

motherapy. These results are frequently described in the

literature, where the prognostic meaning of these factors

has been variously confirmed or denied, regardless of

whether considered singly or in combination. Fong et al.

[17] identified the interval between colorectal resection and

appearance of liver metastases at \12 months and the

diameter of the largest lesion as [5 cm. These parameters

have been included in the MSKCC-CRS. The multivariate

analysis of the 1001 resections performed by Fong et al.

also included in the prognostic factors the number of

metastases, which did not emerge as relevant in our series.

It is interesting to note that the most important prog-

nostic factor of extreme significance in terms of overall

survival and disease-free survival in all the studies in which

it had been considered is involvement of lymph nodes of

the hepatic hilum. This parameter was not analyzed in our

study because lymph node sampling or peduncle lym-

phadenectomy have not been routinely performed during

liver surgery at our institution. This finding is in contrast

with the supposed ability of systematic lymphadenectomy

of the liver hilum to ameliorate the prognosis of patients

undergoing liver resection for metastases from colorectal

tumor [33, 34]. In fact, the present case series includes 300

liver resections without peduncle lymphadenectomy,

showing a survival similar to that reported by other authors

for patients undergoing liver resection and hilum lym-

phadenectomy [33, 34]. Indeed, the absence of lymph node

sampling did not allow identification of groups of patients

with a poor prognosis in which specific adjuvant treatments

could have further ameliorated the overall survival.

Surgery-related factors—type of liver resection (major,

minor, anatomic, nonanatomic), use of IOUS, intraopera-

tive blood loss [1000 ml, perioperative transfusions
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(heterologous, autologous), use and duration ([30 minutes)

of portal clamping, postoperative complications and hos-

pitalization, positive or negative resection margins,

distance of the disease from the resection margin[1 cm or

\1 cm—did not show any prognostic value at multivariate

analysis, with the exception of perioperative transfusions,

whose value has been noted by other authors [17, 35–37].

On the other hand, the negative prognostic value of

transfusions did not emerge at multivariate analysis, indi-

cating a secondary role in long-term survival with respect

to factors more strictly correlated with the tumor (CEA,

grade).

In fact, the prognostic value of surgery-related factors is

still debated; but certainly the choice of strategy for the

resection does not seem to influence the patient’s outcome

so long as the tumor is completely resected, even with

suboptimal (\1 cm) or infiltrated margins. In the present

study, infiltration of the resection margins (R1) was found

in 19% of the patients, for whom the 5-year survival was

reported to be 30.6%, without significant differences

compared to those who had resections with a disease-free

margin. The absence of a prognostic value of the resection

margins status confirms the recent criticism on the absolute

need for a disease-free margin at least 1 cm wide [24, 38–

40]. As already mentioned, rather than excluding patients

from surgery, even a minimal free resection margin or a

margin with macroscopic or microscopic evidence of

cancer can be accepted. Indeed, complete resection of the

disease is crucial. In fact, residual disease beyond the

resection margin is associated with a survival similar to

that of patients not undergoing liver resection [41]. In the

present series, the value of IOUS was not evident, probably

due to the small number of patients who would benefit

from this technique.

In the present study, the MSKCC-CRS [17] was calcu-

lated, and the long-term outcomes of the six classes (0–5)

were compared, worsening as Fong’s score increased. The

5-year survivals of classes 0–3 were, respectively, 43.7%,

46.2%, 28.6%, and 21.8%; and no patients with a score of 4

or 5 survived 5 years after resection. The MSKCC-CRS

revealed a significant prognostic value at univariate anal-

ysis (p = 0.0043) and at multivariate analysis (p = 0.008);

moreover, a comparison between the classes with a good

prognosis (CRS 0–2, 59.5% of the patients) and the classes

with a poor prognosis (CRS 3–5, 40.4% of the patients)

confirmed the prognostic value of the score: the 5-year

survival of low-score classes (0–2) was definitely higher

than the survival of high-score classes (3–5): 36.4% and

16.3%, respectively. Therefore, the MSKCC-CRS, already

validated in studies [42, 43] subsequent to Fong’s original

description [17], proved to be a valid instrument to identify

the risk for recurrence and progression of postresection

liver disease in our study.

Conclusions

The experience of our institution confirmed the safety and

efficacy of liver resection for metastases from colorectal

cancer. The present series did not identify single prognostic

factors that were absolute contraindications to liver resec-

tion; nor did it predict a long-term outcome that was so

discouraging it was, a priori, a reason to exclude patients

from surgery.

Some of the potential prognostic factors that have been

analyzed have identified classes of patients with poor

outcomes (CEA, tumor grade); and the predictive score

chosen (MSKCC-CRS) was effective in identifying low-

risk and high-risk patients. The latter should be enrolled in

protocols that are evaluating new diagnostic procedures

and, above all, new neoadjuvant treatments with the aim of

staging the disease more accurately during the preoperative

phase and protecting patients more effectively from the risk

of disease recurrence after liver resection.
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