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Effect of pravastatin on survival in patients with
advanced hepatocellular carcinoma. A randomized
controlled trial
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Summary Chemotherapy is not effective for hepatocellular carcinoma (HCC). HMG-CoA redutase inhibitors have cytostatic activity for cancer
cells, but their clinical usefulness is unknown. To investigate whether pravastatin, a potent HMG-CoA reductase inhibitor, prolongs survival in
patients with advanced HCC, this randomized controlled trial was conducted between February 1990 and February 1998 at Osaka University
Hospital. 91 consecutive patients <71 years old (mean age 62) with unresectable HCC were enroled in this study. 8 patients were withdrawn
because of progressive liver dysfunction; 83 patients were randomized to standard treatment with or without pravastatin. All patients
underwent transcatheter arterial embolization (TAE) followed by oral 5-FU 200 mg d for 2 months. Patients were then randomly assigned to
control (n = 42) and pravastatin (n = 41) groups. Pravastatin was administered at a daily dose of 40 mg. The effect of pravastatin on tumour
growth was assessed by ultrasonography. Primary endpoint was death due to progression of HCC. The duration of pravastatin administration
was 16.5 + 9.8 months (mean + SD). No patients in either group were lost to follow-up. Median survival was 18 months in the pravastatin
group versus 9 months in controls (P = 0.006). The Cox proportional hazards model showed that pravastatin was a significant factor
contributing to survival. Pravastatin prolonged the survival of patients with advanced HCC, suggesting its value for adjuvant treatment.
© 2001 Cancer Research Campaign http://www.bjcancer.com
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Hepatocellular carcinoma (HCC) causes death in patients witthese inhibitors could lead to suppression of tumour growth by
cirrhosis and is one of the most prevalent malignant tumouriterfering with the function of Ras p21. However, there are no
worldwide (Simonetti et al, 1991; Okuda, 1992; Di Bisceglie,report on whether such inhibitors have potential in cancer patients.
1995). Its incidence has substantially increased in Japan (Okudaln this study, we tested whether administration of HMG-CoA
et al, 1987) and in the United States (El-Serag and Mason, 1999¢ductase inhibitor would contribute to the survival of patients
HCC has a dismal 5-year survival rate, and there is no effectiveith advanced HCC. We administered pravastatin (40 mg'day
chemotherapy. for which the liver has a high affinity, to HCC patients in a
Signal transduction inhibitors, including farnesyl transferaserandomized controlled trial after transcatheter arterial emboliza-
inhibitors and mitogen-activated protein kinase (MAPK) tion (TAE) (Charnsagavej et al, 1983; Yamada et al, 1983;
kinase inhibitors, have been developed as anti-cancer ageriefanini et al, 1995) and oral 5-fluorouracil (5-FU) as standard
(Gibbs et al, 1993; James et al, 1993; Kohl et al, 1993; Steboltreatment.
Leopold et al, 1999). The activity of 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) reductase, the rate-limiting enzyme of,
cholesterol biosynthesis, has been positively correlated wit
mammalian cell growth (Kandutsch and Chen, 1979). Mevaloni(":atients
acid, produced by HMG-CoA reductase, regulates cell growth
independent of cholesterogenesis: Ras p21 and lamins A and Be cohort comprised 91 consecutive patients with unresectable
undergo covalent modification at the carboxyl terminus by mevaladvanced HCC who were younger than 70 years old (Figure 1); 71
onate-derived farnesyl isoprenoid (Goldstein and Brown, 1990)patients were male and 20 were female. The mean age was 62
HMG-CoA reductase inhibitors exhibit cytostatic activity possibly (ranging from 39 to 70). The diagnosis of cirrhosis was confined
as signal transduction inhibitors, when added to proliferating cellby biochemical data and ultrasonography (US). The histologic
in culture or in vivo (Goldstein et al, 1979; Habenicht et al, 1980diagnosis of underlying liver disease was carried out in 47 patients
Maltese et al, 1985). Decreased farnesyl isoprenoid formation blyy US-guided liver biopsy. The diagnosis of HCC was based on
clinical features and findings from US, computed tomography, and
hepatic arteriography. Tumour stage (I-1V) was determined
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drugs. Pravastatin was discontinued when patients showed any of

Eligible patients (n=91) the exclusion criteria, or signs and symptoms ascribed to adverse
l effects of the drug. The control group was not treated with any
anti-cancer drugs. Written informed consent was obtained from all
g’_tﬁﬂd(a,;(i ;fle)atme”t TAE and oral subjects prior to entry. The protocol in this study was approved by
_ l the local scientific ethical committee.
Withdrawal due to advanced liver dysfunction Assessment
during or after standard treatment (n=8)
l Death was the primary endpoint. Clinical status and laboratory
data, including hepatic and renal function tests and haematologic
Randomization (n=83) examinations, were followed at least once a month in the outpa-
tient clinics of Osaka University Hospital and during hospitaliza-
\ tion. Duing the first 2 months, serum transaminases, bilirubin,
Pravastatin group (n=41) | | Control group (n=42) prothrombin time, cholesterol and albumin, were checked weekly

to detect any liver damage due to pravastatin. Serum creatine
kinase activity was also checked every month. Tumour status was
followed by US or computed tomography at least 4 times each

Pravastatin was stopped
when patients had satisfied

exclusion criteria year and tumour marker (AFP, alfa-fetoprotein) monthly. Maximal
diameters of the main tumours in each group were sequentially
A4 h 4 measured with US at 2, 6 and 12 months after starting pravastatin
Follow-up till death; lost to Follow-up till death; lost to to evaluate its effect on tumour growth.
follow-up (n=0) follow-up (n=0)
l l Measurement of urinary pravastatin
| Completed trial (n=41) Completed trial (n=42) | . . .
' o Compliance with pravastatin treatment was assessed by detecting
t':r'e?ri‘;cea}hetz;‘;tﬁg‘;;oén‘jggl’l'g‘;';; randomization and follow-up. TAE; pravastatin in urine according to the method described previously
(Koga et al, 1995). Urine was obtained every 2 months after
entry.

with a maximum diametet2 cm confined to one lobe, or a single
tumour with a diameter >2 cm, without vascular invasion; stagpStaltistical analvsis
I, a single tumour with a diameter >2 cm, with vascular invasion, y
or multiple tumours >2 cm confined to one lobe; stage IV, multipleFisher’s exact (two-tailed) test was used to compare the baseline
tumours in more than one lobe or associated vascular invasion @haracteristics of both groups. Survival curves were generated by
the first branch of the portal or hepatic veins (The Liver Cancethe Kaplan—Meier method. The log-rank test was used to compare
Study Group of Japan, 1989). The histologic diagnosis of HCGurvival. Factors contributing to survival were selected using the
was confirmed in the 47 patients with US-guided biopsy. AllCox proportional-hazards regression analysis. Changes in lab-
patients had died by the end of February 1998, and the histologiratory profiles between the 2 groups were compared using
diagnosis of HCC was confirmed by autopsy or needle necropsy iMann—\Whitney test.
all patients.

As standard treatment, all patients underwent transcathetti:{EsuI_.I.s
arterial embolization (TAE). For the TAE procedure, patients were
treated with gelatin-sponge particles and ethyl ester of poppyse&d patients with advanced HCC were enroled between February
oil fatty acids containing 38% iodine by weight (Lipiodol; Andre- 1990 and January 1993. All patients underwent TAE and oral
Gelbe Laboratories, Paris, France) after intraarterial infusion ofidministration of 5-FU. 8 patients were withdrawn because of
doxorubicin (30 mg) (Matsuda et al, 1994). Oral 5-FU at a dailyprogressive liver dysfunction. The control 42) and pravastatin
dose of 200 mg was started 2 weeks after the TAE procedure affiol = 41) groups were similar in terms of age, sex, liver function,
continued for 2 months. renal function, stage of disease (The Liver Cancer Study Group of

8 of 91 patients were withdrawn during standard treatment fodapan, 1989), and presence of vascular invasion in portal veins,
any of the following exclusion criteria: hyperbilirubinaemia >51 extra-hepatic spread or past history of encephalopathy (Table 1) at
micro mol I, hyperammonaemia >70 micro mdt lprothrombin  the start of pravastatin treatment. Both groups were not different in
time >14 seconds; hypoalbuminaemia <25% derum alanine TAE-related complications. 33 patients in the pravastatin group
aminotransferase (ALT) level >150 t;lor massive ascites. The had cirrhosis versus 34 controls. In the pravastatin group, the
remaining 83 patients were randomly divided into contigi 42) Child—Pugh classification in the cirrhotic patients was class A
and pravastatin n( = 41) groups after standard treatment; for 5 patients and class B for 28, compared with 4 and 30 in the
randomization was generated by a computer program. Survivabntrol group, respectively. The Karnofsky performance scale was
analysis in both groups began on the 15th day after 5-FU waB0 to 90 for 34 patients and 60 to 70 for 7 patients in the pravas-
completed. The pravastatin group received oral drug at a dose @ftin group versus 80 to 90 for 36 patients and 60 to 70 for 6
20 mg beginning on the 15th day after the end of 5-FU administrgpatients in the control group. HBs Ag was positive in 5 pravastatin
tion. 2 weeks later, pravastatin was increased to 40 mg per dayatients and 4 controls. Anti-HCV antibody by second or third
The pravastatin group was not treated with any other anti-cancgeneration ELISA (Ortho Diagnostics, Tokyo) was positive in 33
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Table 1 Baseline demographics for pravastatin and control groups

Variable Pravastatin group ( n =41) Control group ( n =42) P value*
n (%) n (%)

Age (y)
<60 15 (37) 19 (45) >0.2
260 26 (63) 23 (55)

Sex
Female 10 (24) 8 (20) >0.2
Male 31 (76) 34 (80)

Tumour stage
v 11 (27) 13 (31) >0.2
Ihor N 30 (73) 29 (69)

Vascular invasion in portal veins
Yes 5(12) 6 (14) >0.2
No 36 (88) 36 (86)

Extra-hepatic spread
Yes 2 (5) 1(2) >0.2
No 39 (95) 41 (98)

Serum ALT** level
<60 U I* 25 (61) 23 (55) >0.2
260U It 16 (39) 19 (45)

Serum alkaline phosphatase level
<200 U I* 26 (63) 24 (57) >0.2
>200 IU I 15 (37) 18 (43)

Serum albumin level
>35¢g 21 (51) 20 (47) >0.2
<35¢glI? 20 (49) 22 (53)

Serum total bilirubin level
<22 micro mol I* 17 (41) 19 (45) >0.2
>22 micro mol I 24 (59) 23 (55)

Serum creatinine level
<1.2 mg dIt 21 (51) 20 (47) >0.2
>1.2 mg dI* 20 (49) 22 (53)

Past history of encephalopathy
Yes 2(5) 2(5) >0.2
No 39 (95) 40 (95)

Tumour stage was according to the criteria of the Liver Cancer Study Group of Japan (The Liver Cancer Study
Group of Japan, 1989). *Fisher’s exact test; **alanine aminotransferase.

of the pravastatin group and 35 of the control group. Patients were By the end of February 1998, all patients in both groups had
unresectable because of extensive tumour in 28 pravastatitied due to HCC progression and/or hepatic failure. The median
patients and 30 controls and because of advanced liver diseasesimmvival was 18 months in the pravastatin group and 9 months in
13 and 12, respectively. The median follow-up was 11 monthsontrols. Survival in the pravastatin group was significantly longer
(range 2 to 66 months) by the end of February 1998. No patient® = 0.006 by the log-rank test) (Figure 2). Using the Cox
were lost to follow-up. proportional-hazards model, pravastatin was a significant factor
The duration of pravastatin administration was 16.5 + 9.8contributing to prolonged survivaPE 0.02 for univariate analysis
months (mean + SD). Pravastatin was discontinued in all patiensndP = 0.005 for multivariate analysis) (Table 3). Absence of the
because of advancing disease and not because of any advevascular invasion in portal veins was also a significant factor
effects of the medicine. The reasons for discontinuation wereontributing to prolonged survivalP(= 0.03 for multivariate
hyperbilirubinaemia in 7 patients, prolonged prothrombin timeanalysis).
in 5, massive ascites in 8, hyperammonaemia in 9, and hypoalbu- Serum AFP level was lower in the pravastatin group compared
minaemia in 12. No patient had an elevation of ALT levels towith controls 6 months and 1 year after the enfty=(0.04 and
>150 U . During the administration period, pravastation wasP = 0.03, respectively; Mann—Whitney test) (Table 2). Regression
detected in all urine samples. of tumour was not observed in the pravastatin group at 2, 6 or 12
Serum ALT and total bilirubin did not differ between the months. However, increase in maximal diameter was significantly
2 groups at 2 and 6 months after the start of pravastatin (Table 2gss in the pravastatin group at 6 and 12 months compared with
However, the serum cholesterol concentration was lower in theontrols P = 0.03 and® = 0.01, respectively; Mann-Whitney test),
pravastatin group at 2 and 6 montfs< 0.001 for both). The suggesting that tumour growth was suppressed by pravastatin.
median of total bilirubin level 1 year after entry was 28 micro In the control group, 35 patients died of tumour progression and
mol It (n = 25) in the pravastatin group and #3=(11) in controls 7 died of hepatic failure. In the pravastatin group, 36 died of
(P = 0.04, Mann—Whitney test). In addition, the median of serumtumour progression and 5 died of hepatic failure. Of the 36 patients
albumin level 1 year after entry was 3T g the pravastatin and who died of tumour progression in the pravastatin group, 1 had
26 in the control groupP(= 0.02). These results suggested thatsevere cholestasis due to tumour invasion into the bile ducts, 3 had
liver function deteriorated more rapidly in the control group. massive pleural effusion due to lung metastasis, and 28 had
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Table 2 Changes in liver function test and tumour markers after start of pravastatin administration

Variable Pravastatin group ( n =41) Control group ( n=42) P value
Serum ALT* level (U I')
Baseline 58# (42-85)## 63 (45-97) >0.2
2M 57 (39-90) (n = 41) 65 (42-92) (n=42) >0.2
6M 60 (40-86) (n = 35) 59 (43-108) (n = 22) >0.2
1Y 52 (36-74) (n=25) 68 (48-93) (n=11) >0.2
Serum total bilirubin level (micro mol I*)
Baseline 24 (18-37) 25 (18-40) >0.2
2M 25 (19-35) (n=41) 28 (19-44) (n=42) >0.2
6M 28 (21-38) (n=35) 36 (25-55) (n=22) >0.2
1Y 28 (22-40) (n=25) 43 (24-58) (n=11) 0.04
Serum albumin level (g I)
Baseline 35 (29-40) 36 (26-38) >0.2
2M 36 (28-41) (n = 41) 34 (25-36) (n = 42) >0.2
6M 33 (26-37) (n=35) 29 (24-34) (n=22) 0.06
1Y 31 (24-35) (n = 25) 26 (23-32) (n=11) 0.02
Serum AFP level (ng di)
Baseline 130 (25-5140) 120 (5-3450) >0.2
2M 108 (21-4270) (n = 41) 172 (45-6710) (n = 42) >0.2
6M 218 (60—6540) (n = 35) 292 (85-9573) (n=22) 0.04
1Y 261 (78-7940) (n = 25) 4140 (140-17300) (n = 11) 0.03
Serum total cholesterol level (mmol I)
Baseline 4.30 (3.67-5.03) 4.20 (3.58-4.96) >0.2
2M 3.56 (3.25-3.94) (n=41)  3.93 (3.42-4.75) (n = 42) <0.001
6M 3.24 (2.80-3.82) (n=35) 3.78 (3.52-4.63) (n = 22) <0.001
1Y 3.10 (2.63-3.55) (n = 25) 3.40 (2.86-4.07) (n=11) 0.03
Diameter of main tumour (mm)
Baseline 38 (22-48) 36 (24-52) >0.2
2M 40 (24-52) (n=41) 43 (25-62) (n=42) >0.2
6M 45 (30-67) (n=35) 60 (34-83) (n=22) 0.03
1Y 52 (42-78) (n=25) 73 (45-106) (n = 11) 0.01

2M, 2 months after pravastatin; 6M, 6 months after pravastatin; 1Y, 1 year after pravastatin. # Median of values,
## range of values.

massive ascites due to the obstruction of the portal vein by tumot 10 — pravastatin group
Of the 5 patients who died of hepatic failure in the pravastati ~~ |¢ ... control group
group, 3 patients developed hepatic coma with progressiv 0.8
cirrhosis, and 2 had rupture of gastric varices. - }
£
506
2]
(]
DISCUSSION =
S 0.4
Chemotherapy that prolongs survival is not available for advance g
HCC. To test whether pravastatin, a potent HMG-CoA reductas 07 —
inhibitor, might increase the survival of patients with advancec :
HCC, we designed a randomized clinical trial with death as th
primary endpoint. We chose TAE and 5-FU as standard treatme 0 f

before introducing pravastatin administration. TAE prevents 0
tumour progression (Charnsagavej et al, 1983; Yamada et al, 19¢ _,
Stefanini et al, 1995) and is one of the standard treatments feigure 2 Kaplan-Meier survival curves in pravastatin (1 = 41) and control
unresectable HCC in Japan. 5-FU also has activity against HC(n= 42) groups. The median survival was 18 months in the pravastatin group
(Cavalli et al, 1981; Coi et al, 1984; Falkson et al, 1984). To avoif‘,nd 9 months in the control group (P=0.006 by the log-rank test)
any bias based on pretreatment, all 91 patients underwent a single
TAE followed by oral 5-FU at a uniform dose for 2 months. The biochemical data after randomization suggested that liver
83 patients completed the standard treatment and were randonflynction deteriorated more rapid in patients who were not taking
assigned to pravastatin or control groups. pravastatin (Table 2). This may represent more rapid progression
Patients in the pravastatin group survived significantly longewof either tumour or underlying liver disease in the control groups.
than those in the control group (Figure 2). Analysis using the CoSerum AFP concentrations more rapidly increased in controls
proportional-hazards model showed that treatment with pravagTable 2). Regression of the main tumour was not observed in the
tatin was the significant factor contributing to prolonged survivalpravastatin group. Yet, growth of the main tumours was signifi-
(P = 0.02 for univariate analysis afi= 0.005 for multivariate  cantly slowed at 6 and 12 months after pravastatin administration,
analysis). This result suggests that HMG-CoA reductase inhibitorsuggesting that pravastatin suppressed tumour growth. Pravastatir
offer a survival advantage in the treatment of advanced HCC. effects on survival may therefore have resulted from stabilization

Years of follow-up
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Table 3 Factors contributing to survival in HCC patients

Univariate analysis Multivariate analysis

Variable Risk ratio 95% CI* P value# Risk ratio 95% ClI P value
Age

<60 1 1

=60 1.72 0.58-4.84 >0.2 1.30 0.67-2.65 >0.2
Sex

Female 1 1

Male 0.62 0.22-1.72 >0.2 0.82 0.38-1.70 >0.2
Tumour stage

\% 1 1

IMor 0.67 0.22-2.06 >0.2 0.72 0.34-1.63 >0.2
Vascular invasion in portal veins

Yes 1 1

No 0.38 0.12-1.25 0.10 0.18 0.04-0.81 0.03
Extra-hepatic spread

Yes 1 1

No 0.65 0.22-1.98 >0.2 0.57 0.25-1.62 >0.2
Serum ALT## level

<60 U I 1 1

260 U I 1.46 0.45-4.64 >0.2 1.80 0.85-4.16 >0.2
Serum alkaline phosphatase level

<200 IU It 1 1

>200 IU I 2.05 0.66-6.35 >0.2 1.47 0.64-3.67 >0.2
Serum albumin level

>35g It 1 1

<359t 1.33 0.43-4.35 >0.2 1.58 0.68-3.15 >0.2
Serum total bilirubin level

<22 micro mol I 1 1

>22 micro mol I 2.3 0.71-7.46 >0.2 1.35 0.62-3.05 >0.2
Serum creatinine level

<1.2 mgdi** 1 1

>1.2 mg dI** 1.84 0.56-6.13 >0.2 1.63 0.55-4.65 >0.2
Past history of encephalopathy

Yes 1 1

No 0.67 0.21-2.08 >0.2 0.52 0.18-1.50 >0.2
Pravastatin administration

No 1 1

Yes 0.42 0.20-0.83 0.02 0.35 0.17-0.61 0.005

*Cl denotes confidence interval. # Cox proportional-hazards regression analysis. ## analine aminotransferase.

of the tumour. Signal transduction inhibitors are generally cytovalues. In general, patients with advanced HCC tolerated long-
static in their activity against malignant cells, and our results aréerm administration of a daily dose of 40 mg of pravastatin.
consistent with other in vivo studies (Stebolt-Leopold et al, 1999). HMG-CoA reductase inhibitors have been reported to have cyto-
Long-term administration of a daily dosage of 40 mg of pravasstatic activity, possibly due to suppression of protein isoprenylation
tatin has been reported to prevent cardiovascular events (Byingt@8inensky et al, 1990). Cholesterol is a primary source for
et al, 1995; Shepherd et al, 1995). This dosage was well-toleratedembrane formation and thus is in great demand in rapid-growth
without severe adverse effects. Because our patients had advandisdues such as cancers. Previously, we reported that HMG-CoA
HCC with chronic hepatitis and/or cirrhosis, we administered aeductase activity and protein content, as well as cholesterol bio-
daily dose of 20 mg of pravastatin during the first 2 weeks to checkynthesis, were increased in human HCC tissues (Kawata et al,
adverse effects. No significant problems were noted, and all990). The liver has a high affinity for pravastatin (Tsujita et al,
patients subsequently received 40 mg of pravastatin. Durin986). Prior to this study, we observed that pravastatin at a daily
the first 2 months, we found no elevations of serum bilirubin ordose of 40 mg led to a significant decrease in serum concentrations
transaminase values which could be attributed to pravastatinf cholesterol and AFP in 3 patients with hypercholesterolaemia
Throughout the observation period, there were no significanassociated with HCC as a paraneoplastic syndrome (data not
differences in liver function tests or haematologic data between th&hown). This agent might have been effectively taken up to
2 groups. After 2 months, pravastatin was continued until excluhepatoma cells in vivo. In future studies, to clarify the mechanism(s)
sion criteria were satisfied. All patients in the pravastatin groupvhereby pravastatin may prolong survival in advanced HCC, liver
appeared to die of progressive disease. biopsy should be done before and after therapy to monitor changes
Patients with chronic liver disease often have muscle cramps. lin protein isoprenylation and cholesterol content in tumour cells.
this study, the frequency of muscle cramps did not differ between This study was not blinded, although it was randomized. The
the 2 groups (data not shown). None of the patients in either growgtudy also included treatment with TAE and oral 5-FU, although
showed more than a 10-fold elevation in serum creatine kinasendomization was done after completion of those treatments.

British Journal of Cancer (2001) 84(7), 886-891 © 2001 Cancer Research Campaign
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These factors may have introduced bias in assessing the effectsh! NE, Mosser SD, deSolms SJ, Giuliani EA, Pompliano DL, Graham SL, Smith
pravastatin on survival. In the future, a randomized, placebo- ~RL Scolnick EM, Oliff A and Gibbs JB (1993) Selective inhibition of
controlled, double-blind study will be needed to clarify whether rf;zgffgggem transformation by a farnesyltransferase inhfitienc260
HMG-CoA reductase inhibitors are useful as adjuvant anti-cancayiaitese WA, Defendini R, Green RA, Sheridan KM and Donley DK (1985)
therapy. Suppression of murine neuroblastoma growth in vivo by mevinolin, a

In conclusion, pravastatin prolonged the survival of patients com_petitive inhibitor of 3-hydroxy-3-methylglutaryl coenzyme A reductase.
with advanced HCC. This result should encourage the deveIoR/I-atsJ Clin Invest76: 17481754

s N uda Y, Kawata S, Nagase T, Maeda Y, Yamasaki E, Kiso S, Ishiguro H and
ment of HMG-CoA reductase inhibitors as ad]uvam therapy Matsuzawa Y (1994) Interleukin-6 in transcatheter arterial embolization for

against HCC. patients with hepatocellular carcinon@ancer73: 53-57
Okuda K (1992) Hepatocellular carcinoma: recent progkéssatologyl5:
948-963
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