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Preoperative Chemoembolization
of Hepatocellular Carcinoma
A Comparative Study
François Paye, MD; Pascal Jagot, MD; Valérie Vilgrain, MD; Olivier Farges, MD, PhD;
Dominique Borie, MD; Jacques Belghiti, MD, PhD

Objective: To assess the efficacy and adverse effects of
preoperative transcatheter chemoembolization (CE) on
surgical resection, postoperative outcome, and recurrence of hepatocellular carcinoma.
Design: A before-after trial comparing a group of pa-

tients undergoing liver resection after CE (CE group) with
a group of patients undergoing liver resection without
prior CE (control group), matched for tumor size and
underlying liver disease.
Setting: A tertiary care university hospital in a metropolitan area.
Patients: Twenty-four patients in each group, treated

between 1986 and 1992.
Interventions: A mean of 1.6±0.2 preoperative CE pro-

cedures were performed per patient in the CE group. Tumorectomies, segmentectomies, and major liver resections
were performed with a comparable frequency in each group.

Results: Overall, CE was not associated with a signifi-

cant reduction of tumor size (7.8±1 cm prior to CE vs
7.1±1 cm after CE) or a-fetoprotein levels (2560±2091
µg/L prior to CE vs 1788±1270 µg/L after the last CE).
Chemoembolization promoted tumor necrosis but did
not influence tumor encapsulation, invasion of the capsule, venous permeation, presence of daughter nodules,
or surgical margins. Liver resection was rendered more
difficult by preoperative CE as a result of pediculitis and
gallbladder lesions in 37% of patients, but the postoperative course was not altered. Disease-free survival
(33%±12% vs 32%±12% at 3 years) and overall survival
were comparable.
Conclusions: Convincing evidence is lacking to support systematic preoperative CE in patients with initially resectable hepatocellular carcinoma. Further studies should aim to identify the subgroup of patients who
may benefit from this neoadjuvant treatment.
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ECHNICAL ADVANCES and a
better selection of patients
allow resection of hepatocellular carcinoma (HCC)
to be performed in specialized centers with an in-hospital mortality
rate of less than 10%.1-5 Intrahepatic recurrence of HCC still affects 60% to 75%
of the patients undergoing resection6-9 and
remains the cause of 60% of deaths.6 Transcatheter arterial chemoembolization (CE)
combining intrahepatic delivery of a cytostatic product emulsified in ethiodized
oil (Lipiodol, Laboratories Guerbet, Aulnay-sous-bois, France) with a temporary
embolization of intrahepatic arterial
branches by gelatin is widely used to treat
resectable or nonresectable HCC.5,10-12 Chemoembolization is now also performed
preoperatively by surgical teams as a
neoadjuvant therapy to prevent recurrences of HCC13-16 or to facilitate resection of large tumors.17 The effect of pre-

operative CE on surgical resection remains
controversial, and its effectiveness in preventing recurrence is not yet proven.15-18
This study aims at assessing the role of preoperative CE on the early and long-term
outcome following resection of HCC, using a matched group of patients in whom
HCC was resected without preoperative
CE as controls.
RESULTS

The 2 groups, paired with the 4 main criteria previously described, seemed to be
well matched for the following secondary criteria collected at the time of diagnosis of HCC: age, sex ratio, cause of underlying liver disease, presence of
esophageal varices, and degree of portal
branch obstruction (Table 1). The AFP
levels did not differ significantly between
the control group (mean, 4229 µg/L; range,

ARCH SURG/ VOL 133, JULY 1998
767

©1998 American Medical Association. All rights reserved.
Downloaded From: http://archsurg.jamanetwork.com/ on 10/06/2015

PATIENTS AND METHODS

CONTROL GROUP

At least 3 of the following 4 criteria were required to allow
the diagnosis of HCC: a proven chronic diffuse liver disease, a nodular lesion on ultrasonography, a nodular captation of Lipiodol on a computed tomographic scan performed 2 to 3 weeks after a lipiodolized arteriography, and
a serum a-fetoprotein (AFP) level exceeding 500 µg/L. If
1 criterion was not satisfied, a positive percutaneous biopsy specimen from the tumor was required.

During the 3 previous years (December 1986 to December 1989), 55 patients underwent a resection of HCC
without preoperative CE. To form the control group,
each patient from the CE group was paired with 1
patient chosen among these 55 patients using 4 criteria:
tumor size at time of diagnosis (7.8±1 cm in the CE
group vs 7.3±1 cm in the control group), Child-Pugh
class (22 patients class A and 2 patients class B in both
groups), histology of nontumorous liver (1 normal, 10
fibrous, 13 cirrhotic in both groups), and absence of any
contraindication to CE.

PREOPERATIVE CE GROUP

DATA COLLECTED

Between December 1989 and January 1992, 24 consecutive patients in our center underwent a resection of HCC
after preoperative CE (CE group). All patients included
had a tumor considered as initially resectable. Contraindications to CE were portal obstruction of at least 3 segmental branches or hepatic insufficiency of Child-Pugh
class C. The CE was performed by radiologists who had
experience with Lipiodol CE. First, the superior mesenteric artery was injected through a Seldinger femoral
approach to assess the portal flow. When the portal flow
was adequate, the hepatic artery was selectively catheterized. The tip of the catheter was placed distal to the gastroduodenal artery and 40 to 60 mg of doxorubicin (Farmitalia Carlo Erba, Milan, Italy) emulsified in 10 to 15
mL of Lipiodol were injected under fluoroscopic control,
followed by an embolization with gelatin-sponge particles
(Upjohn, Kalamazoo, Mich). Antibiotics (amoxicillin and
clavulanic acid) and an anti-H2 receptor (cimetidine) were
administered for 4 days after CE. If the average diameter
of the main tumor had decreased by at least 25% (compared with that seen on previous imaging) on the computed tomographic scan performed 6 weeks later, or if a
fall of at least 30% of plasma AFP levels was observed, a
second preoperative CE was performed 2 months after the
first CE; this cycle was repeated as long as the reducing
effect persisted and no contraindication emerged. Resections were perfomed after a mean delay of 45±40 days
after the last CE.

The morbidity of CE was recorded. To assess the antitumoral effect of preoperative CE, the tumor size and AFP
levels were measured prior to and after CE. In both groups,
intraoperative difficulties and operative duration were collected from the detailed operative notes of surgical resections. The resections in both groups were performed by the
same surgeon (J.B.), according to a previously described
technique.8 The requirement for intraoperative and postoperative tranfusions of red blood cells was established and
the postoperative morbidity was assessed. Histological examination results of the resection specimen were reviewed. After resection, clinical examinations, liver ultrasonography, and AFP measurements were performed every
3 months during the first 2 years and every 6 months thereafter. Data on recurrences and survival were collected until the fourth year following the liver resection of the last
patient included in each group.

DIAGNOSIS OF HCC

2-73 000 µg/L) and the CE group (mean, 2560 µg/L; range,
2-46 000 µg/L).
MORBIDITY AND EFFICACY OF CE
PRIOR TO RESECTION
One to 4 CEs were performed preoperatively per patient (mean, 1.6±0.2 procedures per patient). Morbidity
of CE increased with the number of CEs performed
(Figure 1). One thrombosis and 1 dissection of the common hepatic artery occurred during a second and a fourth
CE, respectively. One thrombosis of the right hepatic arterial branch associated with a decrease of the arterial
blood supply of the left side of the liver contraindicated
a fourth procedure. One attack of acute cholecystitis following a first CE resolved with conservative therapy. One
patient experienced transient ascites associated with a si-

STATISTICAL ANALYSIS
The global cumulative survival rates and the cumulative
survival rates without recurrence were calculated using the
Kaplan-Meier method. Survival curves were compared using the Mantel-Haenszel test. Numeric variables were compared using the Student t test, unpaired or paired when adequate. The x2 test with Yates correction was used to
compare qualitative variables. P,.05 was considered significant. Values are expressed as mean±SD.

multaneous 25% fall of prothrombin time following a second course of CE, which did not recur after a subsequent CE. There were no deaths related to CE.
A clinical “post-CE syndrome,” defined as a fever
of 38.5°C or higher associated with pain of the right upper quadrant warranting analgesic medication, occurred in 9 patients (37%). The mean duration of the hospital stay was 8.5 days.
Overall, preoperative CE did not result in a significant decrease in tumor size (7.8±4.8 cm prior to the first
CE vs 7.5±4.6 cm 6 weeks after the last CE). This includes 13 patients in whom tumor size remained unchanged (7.4±5.3 cm), 5 patients in whom tumor size
increased (5.2±3.3 cm prior to the first CE vs 7±3.8 cm
after the last CE; P,.01), and 6 patients in whom the tumor size decreased (10.1±5.3 cm vs 6.6±4.4 cm; P,.01).
Similarily, mean plasma AFP level was not significantly
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Table 1. Clinical, Biological, and
Radiological Data From the 2 Matched Groups*
CE Group
(n = 24)

Control Group
(n = 24)

57 ± 2
21/3
7
5
2
2

54 ± 3
17/7
4
6
4
1

0
8
1

1
1
1

15
6
3
3
7
76 ± 64
66 ± 65

18
2
4
3
7
65 ± 55
63 ± 51

*Data are given as number of patients unless otherwise indicated. The 2
groups were matched using 4 main criteria (see “Patients and Methods”
section). There were no significant differences for all secondary criteria listed
here. AST indicates aspartate aminotransferase; ALT, alanine
aminotransferase; and CE, chemoembolization.

reduced by CE (2560±2091 µg/L prior to the first CE vs
1788±1270 µg/L after the last CE). Levels of AFP had decreased in 4 patients, of whom 1 had a reduced tumor
size and 3 a stable size tumor. Levels of AFP had increased in 4 patients, of whom 1 had an enlarged tumor
and 3 a stable one.
INFLUENCE OF PREOPERATIVE
CE ON LIVER RESECTIONS
The extent of resections and the duration of hepatic
pedicle inflow occlusion were comparable in the 2
groups (Table 2). However, duration of liver resection
was significantly longer in the CE group than in the
control group (279±20 minutes vs 215±23 minutes;
P,.05). This was related to a more difficult dissection
in the CE group due to inflammatory pediculitis, perihepatic adhesions, or arterial thrombosis (Table 2).
These lesions were observed in 7 (44%) of 16 patients
who underwent a single preoperative CE and in 7
(88%) of 8 patients who underwent several preoperative CEs (P = .10). In 1 of the 3 patients with a thrombosis of the hepatic artery or its first branches, a left
hepatectomy was performed instead of the segmentectomy previously planned because of a intraoperative
injury to the left bile duct. An injury to the portal vein
occured in 1 other patient and was sutured. The number of red blood cell units transfused in the CE group
did not differ significantly from that in the control
group (1.4±0.5 vs 2.4±1).
Preoperative CE did not alter the postoperative course.
Three patients died postoperatively in the CE group (1 of
myocardial infarction, 1 of hepatic failure, and 1 of sepsis)
and 2 in the control group (both of sepsis). Postoperative

20

16

No. of Patients

Characteristic
Mean ± SD age, y
Sex ratio, M/F
Alcohol abuse
Hepatitis B virus
Hepatitis C virus
Underlying liver disease
Hemochromatosis
Primary biliary cirrhosis
Unknown
None
No. of nodules
1
2
$3
Portal branch thrombosis
Esophageal varices
Mean ± SD AST level, U/L
Mean ± SD ALT level, U/L

No Morbidity
Acute Cholecystitis
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Lesions of Hepatic Artery
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4
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Figure 1. Morbidity of preoperative chemoembolization (CE) as a function of
the number of CEs performed.

Table 2. Liver Resections: Anatomical Type, Duration of
Hepatic Pedicle Inflow Occlusion, Intraoperative Difficulties
Encountered, and In-Hospital Mortality*

Resection
Tumorectomy
1-3 segments
$4 segments
Mean ± SD duration of pedicle
inflow occlusion, min
Pediculitis
Perihepatic adhesions
Arterial branch thrombosis
Portal branch thrombosis
In-hospital mortality

CE Group
(n = 24)

Control Group
(n = 24)

8
4
12
31 ± 3

6
8
10
34 ± 3

9
5
3
3
3

0†
3
0
3
2

*Data are given as number of patients unless otherwise indicated. The
hepatic segments were defined according to the Couinaud classification.
Pediculitis was defined by alterations (fibrosis and inflammation) of the
connective tissue surrounding the vascular and biliary elements of the
hepatic pedicle and complicating their division. Perihepatic adhesions
complicating the surgical procedure were listed only if the patient did not
undergo previous abdominal surgery. CE indicates chemoembolization.
†P,.05.

ascites affected 11 patients in the CE group vs 12 in the
control group. Transient encephalopathy occurred in 1 patient in each group. Temporary renal insufficiency was recorded in 1 patient in the CE group and 3 patients in the
control group. A postoperative truncular portal vein thrombosis occurred in 2 patients in the CE group but none of
the patients in the control group (P = .14).
INFLUENCE OF PREOPERATIVE CE
ON TUMOR HISTOLOGY
A comparison of histological examination results of the
resected specimens did not demonstrate any difference
due to preoperative CE for encapsulation and invasion
of the capsule, venous permeation, daughter nodules, and
surgical margin. However, tumor necrosis was signifi-
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Table 3. Histological Study of Resected Tumors*
Control Group
(n = 24)

13
4
8
9
3

16
9
8
12
3

7
8
8
1

14
9
1
0

60

40

20

*Data are given as numbers of resected specimens with the studied
criteria.
†Tumor necrosis was more frequent and extensive in the
chemoembolization (CE) group ( P = .03).
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Figure 3. Cumulative global survival rates (operative mortality included). CE
indicates preoperative chemoembolization.
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CE Group
Control Group

comparable mean delay from first resection (17±15
months and 14±9 months, respectively). One patient in
the control group died of a pancreatic tumor. The cumulative global survival (operative mortality included)
was not different in the 2 groups (Figure 3). In the CE
group, the number of preoperative CEs performed, the
preoperative evolution of tumor size or AFP levels, and
the extent of tumor necrosis observed on resected specimens did not influence survival and recurrences (data
not shown).
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Figure 2. Cumulative survival rates without recurrence (operative mortality
excluded). CE indicates preoperative chemoembolization.

cantly more frequent and extensive in the CE group
(Table 3).
INFLUENCE OF PREOPERATIVE CE ON
RECURRENCES AND SURVIVAL
A recurrence occurred in 14 patients in each group. These
recurrences occurred after a mean delay from the initial
resection of 14±9 months in the CE group, longer than
the mean delay of 8±4 months observed in the control
group (P = .05). However, the cumulative recurrencefree survival in patients surviving the first resection was
comparable in the 2 groups (Figure 2). The locations
of these recurrences were comparable in the 2 groups:
in the CE group, the recurrences were extrahepatic in 2
patients (1 lung metastasis associated with hepatic recurrence and 1 isolated bone metastasis) and intrahepatic in 10 patients, whereas in the control group, isolated bone metastasis occurred in 2 patients and
intrahepatic recurrence in 12 patients. During the followup, 6 patients died of recurrence in the CE group and 4
patients died of recurrence in the control group after a

Neoadjuvant CE is used by many groups to prevent tumor recurrence following resection of HCC, 13-17 although clear evidence to support this strategy is lacking. Imaoka et al19 recommended this neoadjuvant
treatment on the basis of an uncontrolled retrospective
study without establishing appropriate matching of the
groups. Hwang et al13 did not include enough patients
to draw definite conclusions. Several retrospective studies18-22 failed to demonstrate any favorable effect of this
neoadjuvant treatment. The only prospective trial available, recently published by Wu et al,17 did not show any
benefit of preoperative CE for large HCC of more than
10 cm (mean, 14.5 cm) frequently involving adjacent organs (40%): resection was not facilitated, recurrence rates
were not modified, and survival was even worse in the
CE group.
We have therefore designed a retrospective matchedgroup study to assess the results of preoperative CE used
in our center since 1989. Matching was based on criteria (tumor size, Child-Pugh class, and histological characteristics of nontumorous liver) that are considered
strong predictors of tumor recurrence and patient survival after resection of HCC.3,6,15,23,24 The 2 groups also
seemed to be well matched for other prognostic factors
such as number of HCC nodules,9,25 portal branch obstruction,9 and AFP levels.26 This matching procedure as
well as the follow-up of the patients treated by the same
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surgeon during a short period support the validity of this
comparative study.
A necrotizing effect of CE has frequently been described, but without comparison to a proper control
group,14,16,21,27 which is essential as spontaneous necrosis
of HCC nodules occurs frequently.28 Tumor necrosis was
significantly increased by CE in our study. There was no
correlation between the reduction of the tumor size and
the extent of necrosis on the resected specimen, as previously reported.15 The role of tumor necrosis on prognosis
remains controversial. The extent of necrosis has never been
reported as a favorable prognostic factor22 and its adverse
effect has even been evoked by favoring cell dislodgment
into the bloodstream during hepatic resection.21,29 A tumorpromoting effect of CE on postoperative recurrences was
not observed here and has not been reported.22
Other pathologic changes attributable to preoperative CE have been assessed on the resected specimen, focusing on previously identified histological prognostic
criteria. In contrast to the noncomparative results of
Higushi et al,16 preoperative CE did not promote encapsulation of the resected HCC or the enlargement of the
resection margins, both considered favorable prognostic factors.6,8,25,30-32
Overall, preoperative CE did not significantly reduce the tumor size in the CE group. However, 5 patients (21%) had a tumor reduction with a mean delay
between CE and resection of 1.5 months. This rate of morphologic response has previously been reported by Bismuth et al.15 Studies from the Far East reported higher
rates of tumor reduction,17,22,27 maybe reflecting differences in tumorous biology.
The post-CE syndrome, with associated fever and
abdominal pain, affected 37% of patients. This syndrome is frequently considered to be a manifestation of
tumor necrosis,13,33-35 but we found no correlation with
the extent of HCC necrosis in this study. Although there
was no CE-related death, a significant morbidity caused
by preoperative CE was observed, increasing with repetition of this procedure.27 Cholecystitis and ascites following CE4,15,34 were treated medically. Pediculitis, perihepatic adhesions, and arterial lesions significantly
increased the difficulties and duration of the resections
performed. These lesions, sequelae of tissue ischemia
caused by the repeated embolization of hepatic arteries,
were previously reported15,17,27 and are clearly identified
in this comparative study. They did not induce an increase in the volume of transfusions but constitute a strong
argument against the repetition of these preoperative CEs.
Preoperative CE did not alter the location of the recurrences or improve the cumulative recurrence-free survival. Consequently, there was no significant effect of preoperative CE on the global cumulative survival, confirming
some recent studies.17,18,20-22 It may be argued that the number of CEs performed prior to liver resection may have
been insufficient to demonstrate their beneficial influence as a neoadjuvant treatment on recurrence and survival. However, the lack of correlation between the number of CEs performed and the survival observed in this
study does not favor this hypothesis.
It seems that preoperative CE of initially resectable
HCC, although increasing tumor necrosis and well tol-

erated when only 1 CE procedure is performed, can complicate surgical resection and does not prevent tumor recurrence, leading us to question the utility of this
neoadjuvant therapy.
For initially resectable tumors, there is no available
proof of the benefit of this invasive procedure.36 However, our data demonstrate that a single CE procedure is
safe, does not increase the morbidity of the subsequent
resection, and induces tumor necrosis. One lipiodolized CE could be therefore performed preoperatively to ensure the detection of additionnal small hepatocellular nodules on a computed tomographic scan
performed 2 to 3 weeks later15,37 and local control of tumor growth until resection. However, this preoperative
CE should not be repeated and probably has no significant effect on recurrence and prognosis. This treatment
could also allow a safer wait for a graft liver if a liver transplantation is decided on.38,39 For initially nonresectable
tumors, a debulking effect has been reported in some cases,
allowing the surgeon to perform secondarily a resection
that might improve the prognosis of these patients.22,40
This volumetric reduction is very inconstant and should
be carefully assessed case by case after the first CE. Indeed, the repetition of this procedure can damage the liver
and its blood supply and could reduce its functional reserve.36 Prospective randomized trials should assess the
respective merits of these therapeutic options.
Reprints: Jacques Belghiti, MD, Service de Chirurgie Digestive, Hôpital Beaujon, 100 bd du Général Leclerc, 92118
Clichy, France.
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Duration of Estrogen Replacement Therapy in Relation to the Risk of Incident Myocardial Infarction
in Postmenopausal Women
Susan R. Heckbert, MD, PhD; Noel S. Weiss, MD, DrPH; Thomas D. Koepsell, MD, MPH; Rozenn N. Lemaitre, PhD, MPH;
Nicholas L. Smith, MPH; David S. Siscovick, MD, MPH; Danyu Lin, PhD; Bruce M. Psaty, MD, PhD
Background.—There is little information about whether an increasing duration of estrogen replacement therapy is associated with a declining risk for myocardial infarction in postmenopausal women.
Objective.—To conduct a population-based, case-control study among enrollees of the Group Health Cooperative (GHC) of
Puget Sound, Seattle, Wash.
Subjects and Methods.—Case subjects were all postmenopausal women who were enrolled in the GHC with an incident
fatal or nonfatal myocardial infarction from July 1986 through December 1993. Control subjects were a stratified random
sample of postmenopausal women who were enrolled in the GHC without myocardial infarction and matched to case subjects by age and calendar year. We reviewed the medical records of the 850 case subjects and 1974 control subjects and
conducted telephone interviews with consenting survivors. Use of estrogen or estrogen and progestin was assessed using
GHC’s computerized pharmacy database.
Results.—Among women who were currently using estrogen, a longer duration of use was inversely associated with a risk
for myocardial infarction after adjustment for age, year of identification, diabetes mellitus, angina, and smoking. For categories of increasing duration of estrogen use (never, .0-,1.8 years, 1.8-,4.2 years, 4.2-,8.2 years, and $8.2 years), the odds
ratios for myocardial infarction were 1.00 (reference), 0.91, 0.70, 0.65, and 0.55 (for trend among the current users, P=.05).
Among women who had used estrogen in the past, there was no evidence of decreasing risk with increasing duration of
estrogen use.
Conclusion.—In this study, a long duration of hormone replacement therapy among women currently using estrogen was
associated with a reduced risk for first myocardial infarction. Arch Intern Med. 1997;157:1330-1336
Reprints: Susan R. Heckbert, MD, PhD, Cardiovascular Health Research Unit, Metropolitan Park, East Tower, Suite 1360, 1730
Minor Ave, Seattle, WA 98101-1448.
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