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Abstract. Peritoneal implantation from hepatocellular carcinoma (HCC)
after hepatic resection is infrequent, and information on risk factors and
long-term survival of such patients is lacking. The clinicopathologic fea-
tures and risk factors of 16 HCC patients after hepatic resection who de-
veloped peritoneal implantation from an HCC and the prognosis after sur-
gical resection of these HCC implants were assessed. The clinical features
of 16 HCC patients after hepatic resection undergoing resection of perito-
neal HCC implants (P-HCC) from 1986 and 2000 were reviewed. The clini-
cal features and outcomes of 195 HCC patients undergoing hepatectomy
without recurrence (NR-HCC) were used for comparison. During 1986 and
2000 a total of 749 HCC patients underwent hepatic resection. Of these 749
patients, 465 (62.1%) had HCC recurrence after hepatic resection during
the follow-up period (median 26 months). Of the 465 patients, 26 (5.6%)
developed peritoneal implants, and 16 of them underwent resection. Mul-
tivariate logistic regression analysis revealed that a high a-fetoprotein
(AFP) level and capsular invasion by the tumor cells may predispose post-
hepatectomy patients to peritoneal implantation from their HCCs. The
overall survival of the P-HCC patients after peritoneal implant resection
was similar to that of the NR-HCC patients. An elevated AFP level might be
regarded as a significant prognostic factor for poor overall survival (p =
0.0577) after resection of peritoneal implants from HCCs. Peritoneal im-
plantation occurs infrequently in posthepatectomy patients with an HCC.
Elevated AFP values and capsule invasion by tumor cells may predispose
posthepatectomy patients to peritoneal implantation from HCCs. Surgical
resection of peritoneal implants from HCCs may prolong survival in se-
lected patients. Elevated AFP levels may be regarded as a possibly signifi-
cant prognostic factor for poor overall survival after resection of peritoneal
HCC implants.

Hepatocellular carcinoma (HCC) is a common disease in Taiwan,
with an annual age-adjusted incidence of 27.7 per 100,000 popula-
tion. It is the leading cause of cancer-related death among men and
the second most common among women in Taiwan [1].
Peritoneal implantation from an HCC is unusual, being found at
autopsy or laparoscopy with an incidence ranging from 2% to 16%
[2]. Patients with an HCC who develops peritoneal implantation
have generally been considered terminally ill, and surgical treat-
ment has therefore not been considered useful for improving pa-
tient survival. Few case reports describe patients surviving for sev-
eral months following the detection of peritoneal metastasis [3].
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Recently, however, surgical resection in HCC patients with perito-
neal implantation has been reported to be justified in that it might
prolong survival in selected patients [4] The clinicopathologic fea-
tures predicting the outcome of HCC patients after hepatic resec-
tion of HCC peritoneal implants has never been clarified, and the
prognostic factors influencing the long-term outcome remain un-
known. This aim of this study was determine the risk factors for
peritoneal implantation from an HCC after hepatic resection and
prognostic factors to predict long-term survival.

Materials and Methods

From 1986 to 2000 a total of 749 consecutive HCC patients under-
went hepatic resection at the Department of Surgery, Chang-Gung
Memorial Hospital, Taipei, Taiwan. Preoperative evaluation of pa-
tients with an HCC included routine laboratory examination, ultra-
sonography (US), abdominal computed tomography (CT), selec-
tive angiography, and magnetic resonance imaging (MRI). All of
the 749 patients discharged from the hospital after hepatic resec-
tion were closely followed at regular intervals until death or until
the time of this writing. The duration of follow-up ranged from 1.2
to 180.3 months (median 26.0 months).

During the follow-up period, 465 patients (62.1%) had a recur-
rence of HCC after hepatic resection: 382 (82.2%) developed in-
trahepatic recurrence, 57 (12.2%) distant metastases, and 26
(5.6%) peritoneal implantation. Of the 26 patients with isolated
peritoneal implantation, 16 underwent resection (P-HCC group).
Peritoneal implantation was defined as metachronous HCC occur-
rence in the peritoneum after hepatic resection for primary HCC.
Patients with concomitant peritoneal involvement or metastasis of
the HCC were excluded from this study. Altogether, 43 patients
with incomplete data or loss of follow-up and 46 patients dying
within 1 month after operation (surgical mortality 6.1%) were ex-
cluded from this investigation (51 HCC patients with recurrence
and 37 HCC patients without recurrence). The remaining 195 pa-
tients had no metastasis or recurrence during the follow-up period
(NR-HCC group).

Differences in demographics, symptomatology, physical exami-
nation, laboratory data, operative finding, pathologic features, and
survival between the P-HCC and NR HCC groups were compared.
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Table 1. Demographic data for 16 P-HCC patients and 195 NR-HCC
patients.

383

Table 2. Laboratory data for 16 P-HCC patients and 195 NR-HCC
patients.

P-HCC (%) NR-HCC (%) P-HCC (%) NR-HCC (%)

Parameter (n =16) (n = 195) P Parameter (n =16) (n = 195) P
Age (years) 471+ 15.6 55.0 = 13.6 0.150  AFP“ > 400 ng/ml 11/16 (68.8%) 76/195 (39.0%)  0.020
Gender (Male:female) 13:3 154:41 1.000  CEA (ng/ml) 2421 3024 0.544
Symptoms 15/16 (93.8%) 151/195 (77.4%) 0.202  Hemoglobin (g/dl) 134+ 1.7 129 +23 0.426
Physical findings 4/16 (25.0%) 59/195 (30.3%) 0.782  WBC (Jul) 6587.5 = 2194.8  7868.9 = 7748.5 0.510
HBsAg 11/15 (73.3%) 66/195 (33.8%) 0.004  Platelet count (10/ul) 2424 + 114.4 188.7 + 115.9 0.079
Anti-HCV Ab 3/14 (21.4%) 52/144 (36.1%) 0.382 INR (%) 1.11 = 0.16 1.08 = 0.13 0.499
HBsAg and anti-HCV Ab 0/16 9/195 (4.6%) 1.000  Albumin (g/dl) 397 +0.49 3.79 = 0.58 0.271
Associated cirrhosis 6/16 (37.5%)  89/195 (45.6%) 0.529  Bilirubin, total (mg/dl) 0.77 £ 0.45 1.00 = 1.04 0.386
Child-Pugh’s classification A~ 4/6 (66.7%) 59/89 (66.3%) 1.000  Creatinine (mg/dl) 1.03 = 0.35 1.46 = 2.82 0.522
AST (IU/L) 519 =304 75.6 = 112.1 0.372
HBsAg: hepatitis B surface antigen; HCV: hepatitis C virus; Ab: anti- ALT (IU/L) 38.1 + 33.5 58.8 + 62.4 0.188
body; HCC: hepatocellular carcinoma; P-HCC: peritoneal implantation of ~ ALP (IU/L) 88.9 + 30.4 121.8 + 345.5 0.703
HCC; NR-HCC: patients undergoing hepatectomy without recurrence of  ICG15 (%) 75 +20.1 164 + 175 0.408

HCC.

The histopathologic findings of the HCCs were divided into four
grades according to Edmondson and Stainer’s system. Grades I and
IT were considered low-grade HCCs and grades III and IV high-
grade HCCs. Clinical features were grouped as an a-fetoprotein
(AFP) level < 400 ng/ml versus AFP level > 400 ng/ml, the pres-
ence of hepatitis B surface antigen (HBsAg) versus the absence of
HBsAg, and the presence of capsule invasion of the tumor versus its
absence.

Follow-up Study

Follow-up evaluation involved clinical physical examinations and
blood chemistry tests at each visit. The remnant liver was examined
using US every 3 months, and the serum AFP was measured by
radioimmunoassay at least every 3 months. When US detected a
new lesion or an elevated AFP level was noted, an abdominal CT,
MR, or liver scan was performed for confirmation. Chest radiog-
raphy was performed every 6 months for pulmonary metastasis
evaluation. If a patient complained of bone pain, a bone scan was
performed to detect any metastasis that might be present. If any of
the above procedures indicated recurrence, the patient was read-
mitted for further investigation, which included an angiographic
evaluation or MRI.

Treatment of Peritoneal Implantation from HCCs

Resection of an HCC recurrence was the treatment of choice if the
tumor was considered resectable. There were 16 peritoneal implan-
tation patients who met the criteria of surgical resection and were
eligible for resection [3, 4]. All 16 were discharged with an unevent-
ful postoperative course and underwent regular outpatient clinic
follow-up ranging from 2.1 to 81.6 months (median 16 months).

Statistical Analysis

All data are presented as the percent of patients or the mean with
standard deviation. Continuous data were compared by an inde-
pendent two-sample ¢-test. Pearson’s x test and Fisher’s exact test
were used for nominal variables if appropriate. Multiple logistic
regression analysis was conducted for modeling the combination of
clinical features that could predict peritoneal implantation. The

AFP: o-fetoprotein; CEA: carcinoembryonic antigen; WBC: white
blood cell count; AST: aspartate aminotransferase; ALT: alanine amino-
transferase; ALP: alkaline phosphatase; ICG15: indocyanine green reten-
tion rate at 15 minutes.

“AFP was measured at the time of presentation with the primary tu-
mor.

Table 3. Operative, macroscopic, and microscopic findings for 16 P-HCC
patients and 195 NR-HCC patients.

P-HCC (%) NR-HCC (%)

Parameter (n =16) (n =195) P
Blood loss (cc) 1810.7 + 1877.5 1757.4 = 1666.4 0.931
Blood transfusion (cc) ~ 2153.8 £ 1151.9  1748.9 = 1828.8 0.743
Tumor size (cm) 8052 6245 0.145
Tumor size > 5 cm 8/16 (50.0%) 86/195 (44.1%)  0.648
Grading (Edmondson

and stainer)
Low grade (I+1I) 12/16 (75.0%) 137/195 (70.3%)
High grade (III+1V) 4/16 (25.0%) 58/195 (29.7%)  0.783
Capsule formation 11/16 (68.8%) 133/195 (68.2%)  0.964
Capsule invasion 9/16 (56.3%) 58/195 (29.7%)  0.029
Macroscopic vascular 5/16 (31.3%) 59/195 (30.3%)  1.000

invasion
Satellite lesions 6/16 (37.5%) 51/195 (26.2%)  0.326
Resection margin 12/16 (75.0%) 103/195 (52.8%)  0.117

=lcm
Rupture 4/16 (25.0%) 32/195 (16.4%)  0.485
Major resection 4/16 (25.0%) 88/195 (45.1%)  0.189

survival rate was calculated and plots constructed using the Kaplan-
Meier method, and groups were compared using the log-rank test.
SPSS computer software package (Version 10.0; SPSS, Chicago,
IL, USA) was used for statistical analyses. A p value < 0.05 was
considered statistically significant.

Results

There were 13 male patients and 3 female patients with ages rang-
ing from 8 to 87 years (mean 47.1 *+ 15.6 years). The P-HCC and
NR-HCC groups had similar age distributions, gender ratios, clini-
cal features, and percent of patients with underlying liver cirrhosis
or Child-Pugh grades (Table 1. More hepatitis B infections were
observed in the P-HCC group (p = 0.004) (Table 1), and more P-
HCC patients had an AFP level exceeding 400 ng/ml (measured at
the time of presentation with the primary tumor) than did those in
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Table 4. Multiple forward stepwise logistic regression analysis of clinicopathologic features to differentiate 16 P-HCC patients and 195 NR-HCC

patients.
Parameter Coefficient SE Wald statistics Odds ratio 95% CI for odds ratio )4
HBsAg 0.302 0.677 0.199 1.353 0.309, 5.094 0.655
AFp > 400 ng/ml —1.651 0.652 6.408 0.192 0.053, 0.689 0.011
Capsule invasion -1.205 0.605 3.966 0.300 0.091, 0.981 0.046
SE: standard error; CI: confidence interval.
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Fig. 1. A. Overall survival curves
for 16 patients with peritoneal
implantation of hepatocellular
carcinoma (P-HCC) and 195
patients undergoing hepatectomy
without recurrence of HCC
(NR-HCC). B. Survival curves for
16 P-HCC patients: hepatitis B
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the NR-HCC group (p = 0.020). Other biochemical data were simi-
lar in the two groups (Table 2).

The P-HCC patients had more capsule invasion (p = 0.029),
whereas the other operative, macroscopic, and microscopic find-
ings were similar in the two groups (Table 3). Multivariate analysis
revealed that elevated AFP levels and more capsular invasion
might predispose posthepatectomy patients to peritoneal implan-
tation from their HCCs (Table 4).

All 211 patients discharged from the hospital after hepatic resec-
tion were closely followed up at regular intervals until death or the
time of this writing. Follow-up duration ranged from 1.0 to 182.3
months (median 25.3 months). Overall actuarial survival for the
P-HCC,NR-HCC, and HCC patients with recurrence is not shown.
The 1-, 3-, and S-year actuarial survival rates for the P-HCC pa-
tients were 62.5%, 34.1%, and 30.1%, respectively; and in the NR-
HCC group they were 58.0%, 53.7%, and 44.5%, respectively. The
P-HCC patients had a better overall survival after surgical resec-
tion than did the HCC patients who had a recurrence at another
site after hepatectomy, although the difference was not statistically
significant. However, after peritoneal implant resection the P-HCC
patients had an overall survival similar to that of the NR-HCC pa-
tients (Fig. 1A). Comparison of overall survival for the limited
number of patients in the P-HCC group, stratified by the presence

108 120 versus without capsular invasion.

of HBsAg, capsule invasion, and elevated AFP, showed that an el-
evated AFP level was possibly a significant prognostic factor for
poor overall survival (p = 0.0577) (Fig. 1B-D).

Discussion

In this study, 26 (5.6%) of 465 patients with recurrence of their
HCC after hepatectomy developed peritoneal implantation, and 16
of them underwent surgical resection. HCC is a highly malignant
cancer that frequently metastasizes to other organs. The most com-
mon HCC metastatic sites are lungs, bones, brain, and skin. Other
sites of metastasis, including portal lymph nodes, spleen, pancreas,
bowel, kidney, adrenal glands, and ovaries, are not usually detected
until autopsy [5-7]. The mode of HCC extrahepatic spread is usu-
ally hematogenous, most frequently to the lung. Lymphogenous
and infiltrating metastases are relatively infrequent. Peritoneal im-
plantation from an HCCis unusual, with an incidence of 2% to 16%
at autopsy or laparoscopy. In an autopsy study, Nakashima et al.
reported the incidence of HCC metastasis to the Douglas pouch at
6.2% [6]. The current investigation’s incidence of peritoneal im-
plantation from HCC after hepatectomy was 5.6%.The mechanism
of peritoneal implantation from HCC is thought to be rupture of an
exophytic HCC into the peritoneal cavity and subsequent seeding
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of metastatic deposits. Ong et al. and Dixon et al. reported similar
observations [8, 9]. Sonoda et al. reported that ruptured HCC
evokes the risk of implanted metastasis [10]. Only 4 of the 16 pa-
tients (25%) in the current investigation developed peritoneal im-
plantation from a preexisting ruptured HCC, however, which was
not different from that in patients without any recurrence after
hepatectomy.

Demographics, symptomatology, physical findings, biochemical
data, hepatitis status, and associated liver conditions were generally
similar for the P-HCC and NR-HCC patients. However, the P-
HCC group differed from the NR-HCC in three respects. P-HCC
patients had higher HBsAg positivity than the NR-HCC group.
Our previous report demonstrated that patients with HCC con-
comitant with hepatitis B virus (HBV) infection were younger than
those with nonhepatitis-, hepatitis C-, and dual hepatitis B and C-
related HCC [11, 12]. This age difference may explain why P-HCC
patients had higher HBsAg positivity, and so it may not an inde-
pendent factor for peritoneal implantation demonstrated by mul-
tivariate analysis.

Prominently elevated AFP values were noted in the P-HCC
group. Previous European and Japanese reports have stressed
the importance of the preoperative AFP level as a factor affect-
ing the prognosis of surgically treated patients [13, 14]. It is not
understood why an elevated AFP level worsens the surgically
treated patients’ prognosis. Perhaps AFP is a unique biologic vari-
able expressing the grade of malignancy and has suppressive effects
on the immunologic reaction directed against tumor cells [15, 16].
Some have suggested that an elevated serum AFP level is closely
related to the growth and development of hepatitis virus-related
HCC [17].

Finally, capsular invasion by tumor was observed more fre-
quently in the P-HCC group. The capsule is a biologic characteris-
tic of tumors. Tumor capsule formation is thought to be an early
stage of the tumor: the higher the percentage of well encapsulated
tumor, the lower the incidence of tumor emboli and the better the
tumor cell differentiation [18]. An immunohistochemical study’s
morphologic observation revealed large y6 T cells had increased in
the tumor capsule, cells that play a role in defense against tumor
expansion [18]. Capsule formation did not, however, significantly
contribute to better survival of the P-HCC patients. The prognostic
significance of capsular invasion by tumors (which demonstrated
an associated higher recurrence rate) needs further investigation,
as it may partly explain the risk for peritoneal implantation from
HCC after hepatectomy.

The prognosis for patients with advanced gastrointestinal cancer
with peritoneal metastasis is poor, as most die within 6 months.
Peritoneal metastases from gastrointestinal cancer are often wide-
spread, affecting the entire abdominal cavity and leading to the de-
velopment of ascites. In contrast, the comparable overall survival
rate after resection of the peritoneal HCC implants with that of
patients without recurrence justifies aggressive surgical resection
of the HCC peritoneal implants in selected cases. The P-HCC pa-
tients might have better overall survival after hepatectomy than the
HCC patients with recurrence at other sites (p = 0.0833). An el-
evated AFP level, especially if it exceeds 400 ng/ml, may indicate a
poor prognosis for posthepatectomy patients with peritoneal HCC
implants. Peritoneal implantation occurs infrequently in posthepa-
tectomy patients with HCCs. Elevated AFP levels and capsule in-
vasion by tumor cells may predispose posthepatectomy patients to
peritoneal implantation from their HCC. Surgical resection of the
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peritoneal HCC implants may prolong survival in selected patients.
Elevated AFP levels may be regarded as a possibly significant prog-
nostic factor for poor overall survival after resection of peritoneal
HCC implants.

Résumé. L’implantation péritonéale a partir du cancer hépatocellulaire
(HCC) apres résection hépatique est rare. On ne dispose pas, cependant,
de facteurs de risque et de survie a long terme en ce qui concerne
Pimplantation péritonéale apres hépatectomie pour CHC. On a analysé les
données cliniques et pathologiques et les facteurs de risque chez 16 patients
porteurs de CHC ayant développé des métastases péritonéales apres
résection hépatique et on a évalué leur pronostic apres résection de ces
métastases péritonéales. On a analysé les données cliniques de 16 patients
porteurs de CHC (CHC-P) entre 1986 et 2000. Les données cliniques et
I’évolution de 195 patients porteurs de CHC ayant eu une résection
hépatique sans récidive (CHC-NR) ont servi de groupe de contrdle afin de
déceler les facteurs de risque d’implantation péritonéale apres résection
hépatique pour CHC. Entre 1988 et 2000, 749 patients porteurs de CHC ont
eu une résection hépatique. 465 des 749 patients (62.1%) ont eu une
récidive de leur CHC apres résection pendant la période médiane de suivi
de 26 mois. Vingt-six des ces 465 patients (5.6%) ont développé des
métastases péritonéales et 16 parmi eux ont eu une résection de celles-ci.
Par analyse multivariée (régression logistique) on a trouvé que les valeurs
d’alpha-féto protéine (AFP) et l'invasion capsulaire par les cellules
tumorales prédisposaient aux métastases péritonéales apres résection
hépatique pour CHC. La survie globale du groupe CHC-P apres résection
des métastases péritonéales était similaire a celle des patients du groupe
CHC-NR. Un taux élevé d’AFP pourrait étre considéré comme un facteur
de mauvais pronostic de la survie globale (p = 0.0577) apres résection
péritonéale de métastase d’origine CHC. Les métastases péritonéales sont
rares apres résection hépatique pour CHC. Un taux élevé d’AFP et
Pinvasion capsulaire par les cellules péritonéales pourraient prédisposer
aux métastases péritonéales. La résection chirurgicale pourrait prolonger
la survie chez certains patients sélectionnés. Un taux élevé d’AFP pourrait
étre considéré comme un mauvais facteur pronostique pour la survie
globale apreés résection des métastases d’origine CHC.

Resumen. La implantacion peritoneal de células procedentes de un
carcinoma hepatocelular (HCC) tras reseccion hepatica es poco frecuente.
Por otra parte, existe poca o ninguna informacion sobre el riesgo que esta
implantacion conlleva, por lo que a la supervivencia tardia se refiere. Para
averiguar el pronéstico de la reseccién quirirgica de los implantes
peritoneales de células procedente de un HCC se estudian los hallazgos
clinico-patolégicos y los factores de riesgo en 16 pacientes con HCC que
tras reseccion hepatica desarrollaron implantes peritoneales. Se revisa el
cuadro clinico de 16 pacientes con HCC, tratados entre 1986 y 2000, que
tras reseccién hepatica desarrollaron implantes peritoneales de HCC que
fueron extirpados (P-HCC). Para averiguar los factores de riesgo de la
implantacion peritoneal de HCC tras hepatectomia los 16 pacientes
mencionados se comparan con el cuadro clinico y resultados terapéuticos
de 195 pacientes con HCC que tras la hepatectomia no desarrollaron
recidiva alguna (NR-HCC). De 1988 a 2000, 746 paciente con HCC fueron
sometidos a una resecciéon hepatica, 465 de los 746 pacientes (62.1%)
desarrollaron recidivas tras la reseccion hepatica durante el periodo de
seguimiento (media 26 meses). En 26 de los 465 pacientes (5.6%) se
produjeron implantes peritoneales que en 16 casos fueron extirpados. Un
analisis de regresion logistica multivariante demostré que niveles elevados
de a-fetoproteina (AFP) asi como la invasion de la cdpsula hepatica
por células tumorales predispone, tras hepatectomia, al desarrollo de
implantacion peritoneal del HCC. En el grupo P-HCC la tasa de
supervivencia fue similar a la de los pacientes del grupo NP-HCC. Tras la
reseccion de los implantes peritoneales de HCC, la elevacién de la AFP es
un signo de mal pronéstico por lo que la supervivencia global se refiere (p
= 0.0577). La implantacion peritoneal posthepatectomia en pacientes con
HCC es poco frecuente. La elevacion de la AFP y la invasion capsular
por células tumorales predispone a la implantacién peritoneal de HCC
post-hepatectomia. La extirpacion quirirgica de los implantes peritoneales
del HCC puede prolongar la supervivencia en pacientes bien seleccionados.
Una « -fetoproteina (AFP) elevada tras resecciéon de los implantes
peritoneales del HCC, debe considerarse como un mal factor pronéstico,
por lo que a la supervivencia se refiere.
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