
FEATURE
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Objective: To assess the effects of preoperative systemic chemo-
therapy on remnant liver parenchyma, liver function, and morbidity
after major liver resection for colorectal liver metastases.
Background: Many patients operated upon for colorectal cancer
liver metastases receive previous chemotherapy. Whether systemic
chemotherapy alters liver parenchyma in such way that it increases
the risks of liver resection remains unclear.
Patients and Methods: Among 214 patients who received a liver
resection for colorectal liver metastases between 1998 and 2002 in
a single institution, 67 who underwent a major liver resection under
total hepatic vascular exclusion form the basis of this report. Forty-
five patients operated upon after systemic chemotherapy were com-
pared with 22 who did not receive any chemotherapy in the 6
months prior to resection. Postoperative mortality, morbidity, liver
function tests, and pathology of the resected liver in the two groups
were compared.
Results: There was no postoperative mortality. Values of liver
function tests on days 1, 3, 5, and 10 were similar in both groups.
Morbidity rate was higher in the chemotherapy group (38% versus
13.5%, P � 0.03). Postoperative morbidity was correlated with the
number of cycles of chemotherapy administered before surgery but
not to the type of chemotherapy. Preoperative chemotherapy was
significantly associated with sinusoidal dilatation, atrophy of hepa-
tocytes, and/or hepatocytic necrosis (49% versus 25%, P � 0.005).
Conclusion: Prolonged neoadjuvant systemic chemotherapy alters
liver parenchyma and increases morbidity after major resection
under total hepatic vascular exclusion, but it does not increase
operative mortality. This should be taken into consideration before
deciding a major liver resection in patients who have received
preoperative chemotherapy.

(Ann Surg 2006;243: 1–7)

Depending on the stage of the primary colorectal cancer,
liver metastases occur in 20% to 70% of patients and

represent the major cause of death in this disease.1,2 Surgical
resection remains the only treatment that can, to date, ensure
long-term survival in 25% to 40% of patients.3–8 It should be
considered whenever liver metastases can be totally resected
with clear margins and when there is no nonresectable extra-
hepatic disease. However, using the current indications for
surgery, only 15% to 20% of patients with colorectal liver
metastases are suitable for surgical resection.1,2 When liver
metastases are nonresectable, palliative chemotherapy in-
creases survival and enhances quality of life.9

Progresses including more efficient chemotherapy drugs
such as oxaliplatin or irinotecan10,11 have opened new per-
spectives in the treatment of resectable and nonresectable
liver metastases. These drugs can render resectable previ-
ously unresectable liver metastases.12–16 When liver metas-
tases are resectable, the benefit of neoadjuvant chemotherapy
on reducing the risks of recurrence after surgery is not yet
demonstrated. However, in case of synchronous metastases,
chemotherapy is often prescribed between the resection of the
colorectal primary and the liver surgery.

The risks of liver resections have been reduced in
recent years. Postoperative mortality is less than 5% in most
reported series.5–7 Postoperative morbidity, including tran-
sient liver failure, hemorrhage, subphrenic abscesses, and
biliary fistula, occur in 20% to 40% of patients.3–8 It is not
clearly established whether systemic preoperative chemother-
apy increases the risks of surgery due to injury of liver
parenchyma. Recent data have suggested that prolonged sys-
temic chemotherapy could induce steatosis and microvascular
changes such as peliosis or sinusoidal congestion.17 Scleros-
ing cholangitis, dilatation, and fibrosis of the central veins
and moderate hepatocellular necrosis or cholestasis in the
centrilobular area have been reported with the intra-arterial
use of fluorodeoxyuridine, a 5-fluorouracil (5-FU) metabo-
lite.13,17 These pathologic changes can be responsible for an
increased risk of bleeding during surgery as the parenchyma
tends to be more congested and friable.13,15 Hepatic arterial
chemotherapy prior to liver resection was associated with an
increased postoperative morbidity in one series (57% versus
18%).13 The consequences of systemic chemotherapy on liver
parenchyma and on postoperative course following resections
have not been specifically analyzed in the reports that have
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studied resectability following preoperative chemotherapy.
The populations studied were heterogeneous regarding the
duration and the regimens of preoperative chemotherapy, the
extent of liver resections performed and the clamping meth-
ods used.12,14,16,18–20 The pathologic changes induced by
chemotherapy in these patients have not been reported.

The present study was designed to analyze the effects
of preoperative systemic chemotherapy on remnant liver
parenchyma and to assess the consequences on postoperative
mortality, morbidity, and liver function tests. Among patients
having received liver resection for metastases from colorectal
cancer, we selected a homogeneous subgroup of patients who
received a major liver resection under total vascular exclu-
sion. In theory, the removal of more than three hepatic segments
with continuous occlusion of hepatic inflow and outflow is at
higher risk of inducing postoperative mortality and morbidity;
therefore, this subgroup offers the better chances of showing an
influence of preoperative chemotherapy.

PATIENTS AND METHODS

Patients
Between January 1998 and May 2002, 214 patients

underwent an elective liver resection for colorectal cancer
metastases in our institution. Sixty-seven of these patients
met the following inclusion criteria: major liver resection (ie,
removal of 3 liver segments or more), total hepatic vascular
exclusion (TVE), no underlying chronic liver disease. Forty-
five of these patients (67%) received systemic chemotherapy
prior to liver resection with a delay between the end of the
chemotherapy and the resection of less than 2 months. The
other 22 patients did not receive any chemotherapy in the 6
months before the resection (control group).

Indication and Protocol of Systemic
Chemotherapy

Chemotherapy regimens administered before hepatec-
tomy were the following: continuous infusion of 5-FU and
leucovorin (LV5FU2)21 in 14 patients, LV5FU2 � CPT-1111

in 12 patients, LV5FU2 � oxaliplatin (FOLFOX 4)10 in 38
patients, and 5-FU � irinotecan � oxaliplatin in 2 patients.
Some patients received 2 lines of chemotherapy: LV5FU2
followed by FOLFOX (5 patients), LV5FU2 followed by
FOLFIRI (1 patient), and FOLFOX followed by FOLFIRI (5
patients). The median number of cycles of chemotherapy per
patients was 6 (range, 3–29).

In 24 of the 45 patients who received preoperative
chemotherapy, the liver metastases were considered to be
resectable with curative intent before chemotherapy admin-
istration. The remaining 21 patients were initially considered
to have nonresectable liver metastases, which subsequently
became resectable after chemotherapy.

Operative Procedure
All patients underwent preoperative assessment that

included liver function tests, full blood count, coagulation
tests, and measurement of serum urea, creatinine, and elec-
trolytes. The resectability of hepatic lesions was assessed
with liver ultrasound and chest and abdominal CT scan.

Colonoscopy was undertaken to rule out local recurrence or
metachronous colonic lesion. During operation, a complete
examination of the liver was performed by palpation and
intraoperative ultrasonography to accurately determine the
location of the lesions, their relationship to the vascular
system, and to rule out other lesions that could had been
missed by preoperative investigations. TVE was indicated if
one of the hepatic metastases was located near the termina-
tion of one hepatic vein or the vena cava. TVE included
clamping of the hepatic pedicle and of the inferior vena cava
below and above the liver.22 An initial test of vascular
exclusion was undertaken after an adequate blood volume
expansion with crystalloids to ensure that the procedure
would be well tolerated.

Liver transsection was performed using a Kelly forceps
or an ultrasonic dissector. Biliary and vascular pedicles were
secured by sutures and clips, and hemostasis of the liver cut
surface was completed with argon beam coagulation. Drain-
age of the subdiaphragmatic space was left in place for 24 to
48 hours.

Duration of warm ischemia, operative time, and blood
transfusion requirements (packed red cell units) were recorded.

Postoperative Course
Patients were observed until the day of discharge from

the hospital. Postoperative parameters of hepatocellular in-
jury and recovery, including prothrombin time, bilirubin,
transaminases levels (alanine aminotransferase, aspartate ami-
notransferase), �-glutamyl transpeptidase, and alkaline phos-
phatase, were measured on days 1, 3, 5, and 10. Liver failure
was defined by a prothrombin time of less than 50% of
normal and/or serum bilirubin more than 50 �mol/L on
postoperative day 5 or thereafter.23 Abdominal ultrasound
was carried out in any patient with a suspected infected
collection. The mean duration of hospital stay was recorded,
and postoperative deaths and complications were assessed at
a postoperative delay of 2 months.

Pathologic Examination
One sample from each liver specimen distant from

the tumor was taken and retrospectively reviewed by two
pathologists (M.A.-H., B.F.). Liver samples were fixed, par-
affin-embedded, and stained with hematoxylin and eosin and
Masson’s trichrome. The presence of sinusoidal dilatation
associated with atrophy of hepatocytes and/or hepatocytic
necrosis was recorded. The steatosis was graded from 0 to 3:
absent (grade 0), �20% of hepatocytes (grade 1), between
20% and 50% (grade 2), and �50% (grade 3). The lobular
neutrophil infiltration was graded from 0 to 2: absent (grade
0), moderate (grade 1), important (grade 2). Fibrosis was
estimated according to the Metavir score24: absent (F0),
portal fibrosis without septa (F1), portal fibrosis with rare
septa (F2), numerous septa without cirrhosis (F3), and
cirrhosis (F4).

Statistical Analysis
Quantitative data were expressed as means � SD.

Comparisons between groups were analyzed by the �2 test
with Yates correction, the Mann-Whitney U test, or Student
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t tests for quantitative and qualitative variables as appropri-
ate. Univariate Cox proportional hazard modeling was used
to examine the relationship between the incidence of postop-
erative complication and the following continuous variables:
age, sex, body mass index, duration of vascular clamping,
duration of operation, number of liver segments resected,
perioperative blood transfusion, preoperative chemotherapy,
number of cycles of preoperative chemotherapy, type of
preoperative chemotherapy, and associated gastrointestinal
procedure. The predictive factors found to be significant by
univariate analysis were subsequently analyzed using a Cox
multivariate proportional hazard model. All statistical tests
were performed at the 0.05 level. The computations were
performed using the Stata Statistical software (Stata Corpo-
ration, College Station, TX).

RESULTS

Patients
Sixty-seven patients were included in the study (39 men

and 28 women). Median age was 61 years (range, 21–81
years). Primary tumor location was the colon in 45 patients
(67%) and the rectum in 22 patients (33%). Liver metastases
were synchronous in 31 patients (46%). The clinical charac-
teristics of the 67 patients according to preoperative use of
systemic chemotherapy (n � 45) or not (n � 22) are sum-
marized in Table 1. There were no significant differences
between the two groups in terms of age or gender, body mass
index, ASA score, and preoperative liver function tests.

Surgical Procedures
Major liver resections performed in this series were all

performed with a curative intent and included 42 right lobec-
tomies (segments 5, 6, 7, 8), 4 left lobectomies (segments 2,
3, 4), 15 right trisegmentectomies (segments 4, 5, 6, 7, 8 �
1), 10 extended left trisegmentectomies (segments 2, 3, 4, 5,
8 � 1), and 3 other trisegmentectomies (segments 4, 5, 6 in

2 cases and segments 6, 7, 8). In 11 cases (7 right lobecto-
mies, 2 left lobectomies, and 2 right trisegmentectomies), a
major liver resection was combined with one or several
wedge resections. The intraoperative characteristics of the 67
patients are summarized in Table 2. The mean size of the
largest lesion was not different between the two groups. The
number of deposits (8.9 � 4.7 versus 6.0 � 3.8, P � 0.005)
was significantly higher in the chemotherapy group, but the
median number of liver segments resected was four in the two
groups (Table 2). Portal vein embolization was performed in
2 patients (1 of each group) 1 month before liver resection to
induce preoperative hypertrophy of the left lobe. For 9 pa-
tients, liver resection was combined with gastrointestinal
procedures: right hemicolectomy (n � 2), left hemicolectomy
(n � 3), anterior rectal resection with coloanal anastomosis
(n � 2), and ileostomy closure (n � 2). There were no
differences between the two groups in term of combined
gastrointestinal procedures.

Blood Transfusions, Duration of Vascular
Clamping and Operative Time

The mean duration of vascular clamping was similar in
the chemotherapy group and in the control group (41 � 7
versus 41 � 11 minutes). Twenty patients (44.5%) in the
chemotherapy group and 10 (45.5%) in the control group
required perioperative blood transfusions, and the mean num-
ber of packed red blood cells transfused was similar in the
two groups (Table 2). The mean operative duration was
similar in the two groups.

TABLE 2. Intraoperative Characteristics of the 67 Patients
According to the Preoperative Use of Chemotherapy

Chemotherapy
Group

(n � 45)

Control
Group

(n � 22) P

Intraoperative characteristics

Maximum diameter of largest
lesion (mean � SD) (cm)

3.0 � 1.7 2.6 � 2.3 NS

No. of metastases
(mean � SD)

8.9 � 4.7 6.0 � 3.8 0.005

No. of segments resected
�median (extremes)�

4 (3–6) 4 (3–6) NS

Associated gastrointestinal
procedures

7 2 NS

Right hemicolectomy 2 0

Left hemicolectomy 2 1

Rectal anterior resection 1 1

Ileostomy closure 2 0

Duration of vascular clamping
(mean � SD) (min)

41.0 � 7.7 41.4 � 10.9 NS

No. of patients requiring blood
transfusion (%)

20 (44.5%) 10 (45.5%) NS

Blood transfusion (packed red
cell units) (mean � SD)

3 � 1.9 3 � 2.0 NS

Operative duration
(mean � SD) (min)

287.6 � 59 281.8 � 83 NS

NS indicates not significant.

TABLE 1. Clinical Characteristics of Patients According to
the Preoperative Use of Chemotherapy

Chemotherapy
Group

(n � 45)

Control
Group

(n � 22) P

Demographics

Age �median (ranges)� (yr) 60 (21–79) 62 (42–81) NS

Sex (M/F) 25/20 14/8 NS

BMI (kg/m2)* 24.5 � 4.3 25.3 � 3.5 NS

ASA (I/II/III) 7/30/8 6/14/2 NS

Preoperative liver function tests*

Prothrombin time (%) 96 � 9 95 � 9 NS

AST (U/L) 30 � 9 30 � 12 NS

ALAT (U/L) 27 � 16 31 � 37 NS

Serum bilirubin (�mol/L) 13 � 9 11 � 4 NS

Alkaline phosphatase 71 � 23 80 � 60 NS

�-Glutamyl transpeptidase 49 � 35 54 � 41 NS

BMI indicates body mass index; ASA, American Society of Anesthesiologists; NS,
not significant.

*Values are mean � SD.
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Postoperative Liver Function Tests
Liver function tests on postoperative days 1, 3, 5, and

10 are summarized in Table 3. As expected, we observed a
moderate and transient decrease of prothrombin time level, a
moderate increase of bilirubin level at day 1 and 3, an
elevation of transaminase level until day 10, and a progressive
elevation of �-glutamyl transpeptidase and alkaline phos-
phatase correlated to postoperative liver regeneration. The
differences were not significant between the two groups
except for the serum ALT level at day 3, which was higher in
the chemotherapy group.

Mortality and Morbidity
There was no postoperative death in either group.

Postoperative complications occurred in 17 of 45 patients
(37.8%) in the chemotherapy group and 3 of 22 patients
(13.6%) in the control group (P � 0.03). Surgical and
nonsurgical postoperative complications in each group are

summarized in Table 4. Postoperative liver failure was never
observed in the control group, whereas 5 patients in the
chemotherapy group (11%) had a transient hepatic failure.
These 5 patients had received a median number of 15 cycles
of chemotherapy before surgery. The median number of
segments removed and the duration of TVE were similar to
those observed in the no chemotherapy group. Four of these
5 patients had steatosis involving more than 50% of the
hepatocytes. Other complications were distributed equally
between both groups. Seventeen patients in the chemotherapy
group developed 20 postoperative complications. All sub-
phrenic abscesses were managed nonoperatively, and one
anastomotic leakage resolved spontaneously within 2 weeks.
Two cases (1 in each group) of intraperitoneal hemorrhage by
diffuse bleeding required reoperation on the second and the
third postoperative days. The average duration of hospital
stay was not different between the two groups.

In univariate analysis, age, sex, body mass index, du-
ration of vascular exclusion of the liver, number of liver
segments resected, and duration of operation were not asso-
ciated with an increased morbidity rate. The risk of postop-
erative complication was significantly increased in patients
with liver resection associated with a gastrointestinal proce-
dure (7 of 9 patients, 77% versus 13 of 58, 22%, P � 0.002)
and in patients receiving perioperative blood transfusion (14
of 30, 66% versus 6 of 37, 16%, P � 0.007). In the
chemotherapy group, morbidity was increased among pa-
tients who received 6 or more cycles of chemotherapy (13 of
24 patients, 54%) compared with patients who received less
than 6 cycles (4 of 21 patients, 19%, P � 0.047). Patients
with uneventful postoperative course had received a median
number of 5 (range, 3–29) cycles of CT preoperatively,
whereas patients with postoperative morbidity had received
a median number of 12 (range, 6–22) cycles. The risk of
postoperative morbidity was correlated with the number of
cycles of CT administered preoperatively (Fig. 1). Morbidity
rate was similar in patients treated with 5-FU alone (3 of 8

TABLE 3. Influence of Systemic Chemotherapy on
Postoperative Liver Function

Chemotherapy
Group

(n � 45)

Control
Group

(n � 22) P

Prothrombin time (%)

Day 1 44 � 12 46 � 4 NS

Day 3 63 � 14 66 � 5 NS

Day 5 73 � 17 74 � 8 NS

Day 10 86 � 17 85 � 14 NS

Serum bilirubin (�mol/L)

Day 1 40 � 18 33 � 7 NS

Day 3 45 � 30 40 � 18 NS

Day 5 39 � 31 39 � 12 NS

Day 10 35 � 36 34 � 33 NS

Serum aspartate aminotransferase
(U/L)

Day 1 562 � 300 446 � 228 NS

Day 3 233 � 181 224 � 199 NS

Day 5 114 � 88 108 � 173 NS

Day 10 71 � 42 56 � 38 NS

Serum alanine aminotransferase
(U/L)

Day 1 659 � 335 530 � 260 NS

Day 3 438 � 267 300 � 174 0.03

Day 5 232 � 218 166 � 138 NS

Day 10 103 � 77 74 � 54 NS

�-Glutamyl transpeptidase (U/L)

Day 1 42 � 22 53 � 32 NS

Day 3 52 � 25 53 � 28 NS

Day 5 135 � 91 141 � 104 NS

Day 10 219 � 110 221 � 236 NS

Alkaline phosphatase (U/L)

Day 1 52 � 14 54 � 22 NS

Day 3 68 � 18 69 � 24 NS

Day 5 139 � 69 150 � 57 NS

Day 10 234 � 110 242 � 121 NS

NS indicates not significant.

TABLE 4. Postoperative Complications in the 67 Patients
According to the Preoperative Use of Chemotherapy

Chemotherapy
Group

(n � 45)

Control
Group

(n � 22) P

Hepatic failure 5 0 NS

Pleural effusion requiring
drainage

6 2 NS

Chest infection 1 1 NS

Subphrenic abscess 4 1 NS

Hemorrhage 1 1 NS

Biliary fistula 1 0 NS

Anastomotic leakage 0 1 NS

Phlebothrombosis 2 1 NS

Patients with complications 17 3 0.03

Reoperation 1 1 NS

Hospital stay (mean � SD)
(days)

16.0 � 8.2 15.7 � 8.4 NS

NS indicates not significant.
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patients, 37.5%) and patients treated with combination che-
motherapy LV5FU2-CPT 11 or FOLFOX (14 of 37 patients,
37.8%).

In multivariate analysis, three factors were indepen-
dently associated with an increased risk of postoperative
morbidity: an associated gastrointestinal procedure, a blood
transfusion, and preoperative chemotherapy (Table 5).

Pathologic Changes
Pathologic examination was performed on liver paren-

chyma apart from metastases. Sinusoidal dilatation with at-
rophy of hepatocytes and/or hepatocytic necrosis was present
in 49% of patients in the chemotherapy group, whereas it was
observed in only 25% in the control group (P � 0.005). There
was no difference between the two groups for steatosis (Table
6). Steatosis affecting more than 20% of hepatocytes was
observed in 36% of patients who had not received preoper-
ative chemotherapy, in 38% of patients who had received less
than 5 cycles, in 45% of patients who had received 6 to 9
cycles, and in 46% of patients who had received more than 10
cycles of preoperative chemotherapy. Severe steatosis affect-
ing more than 50% of the hepatocytes was observed in the
same proportion of patients in the two groups and was also
equally distributed among patients who had received preop-
erative chemotherapy according to the duration of the che-
motherapy. There was no difference between the two groups

for lobular neutrophil infiltration and fibrosis. Because pa-
tients with underlying chronic liver disease were excluded
from this study, no grade F3 or F4 fibrosis was observed.

DISCUSSION
The aim of this study was to determine if the risks of

liver resection were increased by preoperative systemic che-
motherapy in a group of patients undergoing a major liver
resection for colorectal liver metastases. This study demon-
strates that preoperative chemotherapy was not responsible
for postoperative mortality but was associated with increased
postoperative morbidity. Sinusoidal dilatation with atrophy of
hepatocytes and/or hepatocytic necrosis was observed within
the non-neoplastic liver parenchyma.

More and more patients currently undergoing liver
resection for colorectal liver metastases have been previ-
ously treated with chemotherapy. In selected patients with
unresectable metastases, disease may be down-staged by
systemic or intra-arterial chemotherapy to the point that liver
resection can be performed.12–16,20 Preoperative chemother-
apy is already used in practice in many institutions prior to
resection for both synchronous (during the delay between
resections of the primary tumor and the metastases) and
metachronous (as a “neoadjuvant” treatment) resectable liver
metastases, although the principle of the method has not been,
to date, formally validated.

Whether systemic preoperative chemotherapy alters
liver parenchyma or increases the risk of liver resection has
not been studied yet and appears important to determine. In
patients whose metastases become resectable after chemo-
therapy, it could be helpful to know if liver resection should
be performed as soon as possible or should be delayed,

FIGURE 1. Influence of the number of cycles of CT on the
percentage of postoperative morbidity.

TABLE 5. Predictive Factors for Postoperative Morbidity:
Logistic Regression Model

Variable Odds Ratio 95% CI P

Associated GI procedure

No 1 2.3–86.0 0.004

Yes 14.0

Blood transfusion

No 1 1.6–24.5 0.008

Yes 6.3

Preoperative chemotherapy

No 1 1.03–29.8 0.046

Yes 5.5

TABLE 6. Pathologic Abnormalities Within the
Nontumorous Liver in the 67 Patients According to the
Use of Preoperative Chemotherapy

Chemotherapy
Group

(n � 45)

Control
Group

(n � 22) P

Sinusoidal dilatation 0.005

Absent 23 19

Present 22 3

Lobular neutrophil infiltrate NS

Absent 2 0

Moderate 17 5

Important 26 17

Steatosis NS

Absent 20 8

�20% 6 6

20–50% 9 5

�50% 10 3

Fibrosis NS

F0–F1 25 15

F2 19 7

F3 0 0

F4 0 0

NS indicates not significant.
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allowing a better shrinkage of tumor and thus less sacrifice of
liver parenchyma. It can also be useful to decide which type
of hepatectomy should be performed when the choice is
possible between several wedge resections or a major liver
resection removing at once all the deposits. Finally, the
knowledge of pathologic changes induced by chemotherapy
could influence the choice of the clamping method during the
resection to prevent postoperative liver insufficiency.

Consequences of intra-arterial hepatic chemotherapy
on both pathologic changes of nontumorous liver parenchyma
and risks of subsequent liver resection have been well de-
scribed.13,15,17 Following intra-arterial hepatic chemotherapy,
sclerosing cholangitis, dilatation and fibrosis of the central
veins, and moderate hepatocellular necrosis or cholestasis in
the centrilobular area are frequently observed. These lesions
appear to be both time- and dose-dependent. The hepatitis
picture usually improves after interruption of chemotherapy,
but the development of secondary sclerosing cholangitis is
irreversible.17 These pathologic abnormalities may explain
the higher rate of postoperative complications observed in
patients who underwent liver resection after intra-arterial
chemotherapy.13,15 Data concerning systemic chemotherapy
are scarce. Many surgeons consider that livers submitted to
prolonged systemic chemotherapy do not look as “healthy
livers.” For this reason, when the estimated remnant liver
volume is less than 30%, they tend to propose portal vein
embolization or association of local ablative techniques with
resection to avoid postoperative liver insufficiency.14,20 It has
been suggested that prolonged systemic chemotherapy could
induce steatosis, microvascular changes such as peliosis, or
sinusoidal congestion.17,25 Whether the risk of postoperative
liver insufficiency is increased in these conditions is still
unclear. Some data suggest that preoperative systemic che-
motherapy does not influence the risk of hepatic resection for
colorectal and breast cancer liver metastases,18,19 and others
have shown that high-dose chemotherapy, even when asso-
ciated with autologous stem cell transplantation, did not
increase the rate of postoperative complications in patients
who underwent liver resection for germ cell tumors.26,27

It is hard to draw any conclusion from the few studies
of liver resections following systemic preoperative chemo-
therapy because these series focused mainly on the long-
term outcome of patients treated by this combined approach
rather than on postoperative morbidity or liver parenchyma
changes.14 Moreover, in these series, the origin of liver me-
tastases, the chemotherapy regimens, the extent of liver
resection, and the clamping method used were heterogeneous.
To rule out the influence of these variables, our analysis was
performed in a very selected population of patients undergo-
ing major liver resection with a standardized technique for
liver metastases from colorectal cancers. The choice of colo-
rectal liver metastases was made to deal with homogeneous
chemotherapy regimens. If systemic preoperative chemother-
apy would impair liver function, the consequences would be
more visible after large resection and small remnant liver
combined with a prolonged warm ischemia. For these rea-
sons, only major resections under TVE have been considered
in the present study. It could be argued that liver resections

can be performed without vascular clamping or with only a
pedicular clamping that induces less hemodynamic conse-
quences than TVE.28,29 However, in the cases selected, TVE
was considered safer because of the location of one or several
metastases close to the vena cava or the hepatic veins.

In this study, the two groups of patients are comparable
according to the median number of liver segments resected
and the volume of remnant liver parenchyma. The group
receiving preoperative chemotherapy had more numerous
tumors, but in theory the risk of liver failure after surgery is
not related to the size of the resected tumor but to the
percentage of functional liver parenchyma left in place. Thus,
this imbalance should not interfere with the comparison
between the two groups. The two groups were also similar for
demographic data, preoperative liver function tests, associa-
tion with gastrointestinal procedure, operative procedure, and
perioperative blood transfusion. In the present study, patho-
logic examination of the nontumorous liver parenchyma
confirmed that systemic chemotherapy did not induce fatty
degeneration of the liver18 but was associated with micro-
vascular changes, such as sinusoidal dilatation and atrophy of
hepatocytes and/or hepatocytic necrosis. These changes did
not increase bleeding during transsection since the need for
blood transfusions and the mean number of packed red blood
cells transfused were similar in both groups.

Our study also showed that biologic parameters of
hepatocyte damage and recovery were not statistically differ-
ent between the two groups in the postoperative period. The
value and the evolution of these parameters are concordant
with data reported in the literature for major hepatectomies on
healthy liver parenchyma.22,28,30,31

Our results confirm that major liver resections can be
performed under TVE without surgical mortality and with a
postoperative morbidity similar to that reported in other
large series.5–7,14,28 After preoperative chemotherapy, the
incidence of postoperative complications was significantly
increased, and this was mainly due to the higher incidence of
transient postoperative insufficiency observed in the chemo-
therapy group. Pulmonary complications and subphrenic ab-
scesses were the most frequent sources of morbidity in our
series and were not statistically different between the two
groups. They could be explained by the diaphragm dysfunc-
tion induced by TVE as previously reported.28

Transient postoperative liver failure was observed in 5
patients who had all received more than 10 cycles of preop-
erative chemotherapy. In these patients, the number of re-
sected segments, the volume of remnant liver parenchyma,
the duration of TVE, and the pathologic findings were similar
to those of patients who were without postoperative liver
insufficiency. Therefore, the explanation for this increased
risk of transient postoperative liver insufficiency in patients
who had received prolonged preoperative chemotherapy is
unclear.

The type of chemotherapy regimen had no impact on
postoperative morbidity. This latter point will need further
assessment as new biologic agents such as cetuximab or
bevacizumab may be widely used in the near future be-
cause they seem to improve the efficacy of chemothera-
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peutic agents but may increase the risks of bleeding. As
previously reported,5,24 our data confirm that associated gas-
trointestinal procedures and perioperative blood transfusions
are independent prognostic factors that have an impact on
postoperative morbidity.

CONCLUSION
This study shows that prolonged systemic chemother-

apy has induced pathologic changes in the nontumorous liver,
including sinusoidal dilatation and atrophy of hepatocytes,
but did not increase the risk of steatosis. Prolonged preoper-
ative chemotherapy increased the risks of postoperative com-
plications after major liver resection by increasing the risk of
transient postoperative liver insufficiency. However, even
after prolonged preoperative chemotherapy, major liver re-
section could be performed without mortality. If preoperative
chemotherapy can be relatively short, these moderate and
reversible inconveniences should be put in balance with the
hope placed in neoadjuvant chemotherapy for the treatment
of resectable liver metastases. A large European multicenter
trial testing the effectiveness of perioperative chemotherapy
on survival in this setting is now closed for inclusions and
results are awaited for year 2005.
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