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PREVENTION OF SECOND PRIMARY TUMORS BY AN ACYCLIC RETINOID, POLYPRENOIC 
ACID, IN PATIENTS WITH HEPATOCELLULAR CARCINOMA
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Abstract

 

Background.

 

In patients with hepatocellular
carcinoma (hepatoma), the rate of recurrent and second
primary hepatomas is high despite surgical resection and
percutaneous ethanol-injection therapy. We developed an
acyclic retinoid, polyprenoic acid, that inhibits hepatocar-
cinogenesis in the laboratory and induces differentiation
and apoptosis in cell lines derived from human hepatoma.
In a randomized, controlled study, we tested whether the
compound reduced the incidence of recurrent and second
primary hepatomas after curative treatment.

 

Methods.

 

We prospectively studied 89 patients who
were free of disease after surgical resection of a primary
hepatoma or the percutaneous injection of ethanol. We
randomly assigned the patients to receive either poly-
prenoic acid (600 mg daily) or placebo for 12 months. We
studied the remnant liver by ultrasonography every three
months after randomization. The primary end point of the
study was the appearance of a histologically confirmed
recurrent or new hepatoma.

 

Results.

 

Treatment with polyprenoic acid significantly
reduced the incidence of recurrent or new hepatomas.
After a median follow-up of 38 months, 12 patients in the
polyprenoic acid group (27 percent) had recurrent or new
hepatomas as compared with 22 patients in the placebo
group (49 percent, P

 

�

 

0.04). The most striking difference
was in the groups that had second primary hepatomas —
7 in the group receiving polyprenoic acid as compared
with 20 in the placebo group (P

 

�

 

0.04 by the log-rank
test). Cox proportional-hazards analysis demonstrated
that as an independent factor, polyprenoic acid reduced
the occurrence of second primary hepatomas (adjusted
relative risk, 0.31; 95 percent confidence interval, 0.12
to 0.78).

 

Conclusions.

 

Oral polyprenoic acid prevents second
primary hepatomas after surgical resection of the original
tumor or the percutaneous injection of ethanol. (N Engl J
Med 1996;334:1561-7.)
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T

 

HE chemoprevention of cancer is one of the most
challenging aspects of medical research.

 

1-5

 

 Primary
chemoprevention addresses a general population or a
population at particularly high risk, such as long-term
smokers. By contrast, secondary chemoprevention ap-
plies to patients with precancerous lesions, such as oral
leukoplakia, and patients with treated cancer, in whom
the risk of a recurrence or a new primary cancer is
high.

 

5 

 

Several randomized trials of chemoprevention
have yielded inconsistent results.
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 These trials mainly
used micronutrients or antioxidant nutrients, including
analogues of vitamin A (retinoids).

In attempts to develop novel synthetic compounds
for cancer chemoprevention, we found a 20-carbon
polyprenoic acid (3,7,11,15-tetramethyl-2,4,6,10,14-hexa-
decapentaenoic acid) (Fig. 1) that binds to the cellu-
lar retinoic acid–binding protein and has relatively low
toxicity.
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 This agent inhibits chemically induced hepa-
tocarcinogenesis in rats and spontaneous hepatocel-

lular carcinomas (hepatomas) in mice
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 and suppress-
es cell growth and the production of alpha-fetoprotein
in human-hepatoma–derived cell lines.
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 Its action is
mediated in part through the retinoic acid receptor and
the retinoid X receptor.

 

15

 

 Hence, this compound can be
called an open-chain, or acyclic, retinoid.

 

16

 

Phase 1 trials of polyprenoic acid were conducted in
35 healthy subjects at doses of 25, 75, 150, 300, and 600
mg per day. One subject who received 600 mg per day
had hyperlipidemia, whereas the others tolerated that
dose with no adverse effects. In 12 patients with liver
cirrhosis who were given 300 or 600 mg per day, 1 pa-
tient receiving the 600-mg dose reported oral dryness,
whereas the others had no physical or laboratory ab-
normalities (Aoyama M, Eisal Co., Ltd.: personal com-
munication).

Since the rates of tumor recurrence and of the occur-
rence of second primary tumors determine the long-
term prognosis in patients with primary hepatoma,

 

17-23

 

we conducted a randomized, controlled study to test
whether polyprenoic acid prevents recurrences and sec-
ond primary hepatomas after curative surgical resec-
tion or the percutaneous injection of ethanol into the
initial hepatoma.

 

M

 

ETHODS

 

Patients

 

The study involved six clinical centers where patients underwent
curative surgical resection of a hepatoma or received a percutaneous
injection of ethanol into at least one histologically confirmed hepato-
ma. The patients selected for the study were considered to be free
of further hepatoma by ultrasonography and plain and contrast-
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enhanced computed tomography (CT) of the entire remnant liver
and by blood tests, including determinations of alpha-fetoprotein. In-
traoperative ultrasonography was performed in every patient who
underwent surgical resection. The selection of patients began in Sep-
tember 1990, and follow-up data on all the patients were updated in
February 1996.

The evaluation of each patient before entry into the study included
a history taking, physical examination, and appropriate laboratory as-
sessment. To be eligible, the patients had to have good performance
status and be under 75 years of age. Each patient’s tumor was graded
on the basis of the clinical criteria defined by the Liver Cancer Study
Group of Japan.

 

24

 

 We excluded patients with a serum total bilirubin
level higher than 5.0 mg per deciliter (84 

 

m

 

mol per liter) and those
with any severe cardiac, renal, or hematologic disorder that might be
worsened by the agent.

The study protocol was approved by the review board for research
on human subjects at each institution. Written informed consent, in-
cluding an agreement not to take vitamin A supplements during the
study, was obtained from each patient.

 

Study Design

 

At the beginning of the study, we assumed that the incidence of re-
current and second primary hepatomas would be approximately 40 to
50 percent over a two-year period

 

17-23

 

 and that the active treatment
would reduce the incidence to about half that found in our previous
studies.

 

11-13

 

 Using these assumptions and a table proposed by Ge-
han,

 

25

 

 we calculated that the study sample would require 40 patients
in each group, with an alpha error of 5 percent and a beta error of 20
percent. 

We reviewed data on 111 potentially eligible patients, 89 of whom
were found to be eligible and willing to participate and to provide in-
formed consent. Of the 22 patients who were not randomized, 12 were
unwilling to participate in the study, 7 moved to hospitals not in-
volved in the study, 2 did not have serum bilirubin levels in the re-
quired range, and 1 was found to have been treated with fluorouracil
immediately after surgery.

We randomly assigned the 89 patients to receive active treatment
or placebo (peanut oil), with blocking according to study center. The
study design called for 14 patients to be randomized at each center,
and the actual numbers ranged from 11 to 23 (median, 14). The active
treatment was 600 mg of polyprenoic acid daily (two 150-mg capsules
taken twice daily) for 12 months. This dose was chosen to correspond
to the level of intake that had shown a benefit in laboratory studies
and because its safety had been demonstrated in a phase 1 trial. We
provided the placebo or polyprenoic acid (Eisai) in soft, opaque gel-
atin capsules packaged in calendar packs. We recovered the packs ev-
ery month to confirm patients’ compliance with the prescribed regi-
men. The treatment assignments were not revealed to the patients,
their doctors, or the study investigators until the end of the trial.

The study treatment began no later than eight weeks after the sur-
gery or ethanol injection. The protocol called for an ultrasonographic
examination every three months and CT every six months during the
treatment and follow-up periods. At each visit, CT included plain
scanning and helical scanning with rapid intravenous infusion of con-
trast material. The resulting images were considered satisfactory for
the study purposes if all the segments of the remnant liver could be
seen. At each visit, we asked the patient about symptoms, performed
a physical examination, and noted the patient’s general condition. We
also obtained a specimen of venous blood for laboratory tests, includ-
ing the measurement of alpha-fetoprotein levels. An aliquot of plasma
was stored at 

 

�

 

80

 

°

 

C for the measurement of plasma levels of the
study drug by high-performance liquid chromatography after the end
of the trial.

 

End Points

 

The primary end point was the occurrence of new hepatomas. At
each visit for ultrasonography and CT examination, the size and lo-
cation of all lesions that may have represented treatment failures were
recorded; biopsies of all were performed within one week for histolog-
ic confirmation of the diagnosis of hepatoma.

Any hepatoma that developed six or more months after the diagno-
sis of the first tumor was termed a “metachronous,” or late, treatment
failure; one that developed earlier was termed a “synchronous,” or ear-
ly, treatment failure.

 

26

 

 In analyzing the cancer-preventive effect of
polyprenoic acid, we defined any early treatment failure or distant me-
tastasis as representing the progression (or recurrence) of the disease
caused by the first tumor. Late treatment failures were considered to
involve second primary hepatomas when they met certain strict con-
ditions, as follows. A second primary hepatoma had to be in a liver
segment different from the initial hepatoma in patients who received
percutaneous injections of ethanol. In patients who had undergone
surgery, a second primary hepatoma had to be separated by more than
2 cm of normal liver tissue from the margin of resection. In both pa-
tients who received percutaneous injections of ethanol and those who
underwent surgery, the histologic grade of cancer

 

24

 

 of the second pri-
mary hepatoma had to at least equal that of the initial hepatoma.
Hepatomas that developed in the metachronous period but did not ful-
fill these criteria were considered to indicate progression of disease.

 

Figure 1. Chemical Structure of Polyprenoic Acid (3,7,11,15-

COOH

 

Tetramethyl-2,4,6,10,14-hexadecapentaenoic Acid).

 

*Plus–minus values are means 

 

�

 

SD. 

 

Table 1. Demographic and Clinical Characteristics
of the Patients at Entry into the Study.
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CID
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44)

P

 

LACEBO
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ROUP

 

(N

 

�

 

45)

 

Sex (M/F) 32/12 36/9

Age (yr) 62

 

�

 

8 60

 

�

 

8

Cause of hepatoma (no. of 
patients)

Hepatitis B virus
Hepatitis C virus
Other (including alcoholism)

5
32
7

7
35
3

Hepatomas treated
No.
Maximal diameter (cm)

1.5

 

�

 

0.5
2.9

 

�

 

1.2
1.4

 

�

 

0.5
3.0

 

�

 

1.3

Treatment method (no. of
patients)

Surgical resection
Ethanol injection

33
11

36
9

Clinical stage (no. of patients)
I
II
III

28
14
2

33
9
3

Plasma alanine aminotransferase 
(IU/liter)

65

 

�

 

21 68

 

�

 

23

Plasma alpha-fetoprotein (ng/ml) 38

 

�

 

22 37

 

�

 

21

Plasma retinol (

 

m

 

g/ml) 8.9

 

�

 

1.1 8.7

 

�

 

1.3
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Our criteria for second primary hepatomas incorporated the char-
acteristics of multicentric hepatomas but excluded the features of
intrahepatic metastasis from a single clone of hepatoma.

 

27-29

 

 These
standards agree well with the criteria for multicentric hepatoma rec-
ommended by the Liver Cancer Study Group of Japan.

 

17,24,30

 

 
The secondary end point of the study was survival. Absolute and

disease-free survival were both measured in each patient, beginning
with the date of randomization.

 

Statistical Analysis

 

Our principal hypothesis concerned the effect of treatment with
polyprenoic acid on the proportion of patients with at least one new
hepatoma during the study period. We esti-
mated survival curves according to the meth-
od of Kaplan and Meier and assessed the dif-
ferences between the treatment groups by the
log-rank test. All P values were two-tailed. 

We used the Cox proportional-hazards mod-
el to produce adjusted estimates and 95 per-
cent confidence intervals for the relative risk
of the development of new hepatomas associ-
ated with selected variables at study entry, in-
cluding the study assignment; the patient’s
age and sex; the cause of the underlying liver
disease; number of earlier hepatomas, their
size, and the method of treatment; the clinical
stage; and the plasma levels of alanine amino-
transferase, alpha-fetoprotein, and retinol.

 

R

 

ESULTS

 

Patterns of Treatment Failure

 

Of the 89 patients who enrolled in
the study, 44 were randomly assigned
to the polyprenoic acid group and
45 to the placebo group. There were
no statistically significant differenc-
es between the groups with regard
to the factors considered to influence
treatment failure: age, sex, cause and
activity of underlying liver disease,
number and size of primary hepato-
mas, and type of primary treatment
(Table 1).

The median follow-up for all pa-
tients was 38 months from the date
of randomization. During this peri-
od, at least one histologically con-
firmed hepatoma developed in 34 pa-

tients (38 percent) (Table 2). New hepatomas were
identified first by ultrasonography in all 34 patients; in
16, they were identified by CT at the same time. The
mean (

 

�

 

SD) serum alpha-fetoprotein concentrations in
the 34 patients who had second hepatomas did not dif-
fer significantly from those in the 55 patients who did
not have such hepatomas at the end of the follow-up
period (45

 

�

 

32 vs. 35

 

�

 

22 ng per milliliter).
The proportion of patients who had second hepato-

mas was significantly lower in the polyprenoic acid
group than in the placebo group (27 percent vs. 49 per-
cent, P

 

�

 

0.04) (Table 2). In particular, polyprenoic acid
reduced the rate of second primary hepatomas (16 per-
cent, vs. 44 percent with placebo; P

 

�

 

0.004), whereas
the incidence of disease recurrence did not differ be-
tween the two groups (Table 2). All the patients in whom
second hepatomas developed more than six months after
the initial hepatoma met the criteria for having a me-
tachronous tumor. No patient had distant metastasis as
an end point.

The characteristics of the 27 patients with second
primary hepatomas are shown in Table 3. In all 27, the
histologic grade

 

24

 

 of both the initial and the second
hepatoma was well-differentiated hepatocellular carcino-
ma (grade I to II of the classification system of Edmond-

 

*By the chi-square test without Yates’ correction.

 

Table 2. Incidence of Treatment Failure.
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45)
P

V

 

ALUE

 

*

 

no. of patients (%)

 

Disease recurrence
Early (

 

�

 

6 mo)
Late (

 

�

 

6 mo)

5 (11)
5 (11)
0

2 (4)
2 (4)
0

0.23
0.23

—

Distant metastasis 0 0 —

Second primary 
tumor

7 (16) 20 (44) 0.004

All 12 (27) 22 (49) 0.04

 

*S indicates the liver segment in which the primary tumor was found.

†Numbers in parentheses are the number of tumors at the site shown if more than one was present.

 

Table 3. Characteristics of the Patients with Second Primary Hepatomas.
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ITE

 

 

 

OF

 

S

 

ECOND

 

T
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*

 

1 Placebo 62/M S8 (2) 2.1 I Surgery 51 S2

2 Active 57/M S2 3.0 II Surgery 34 S8

3 Placebo 51/M S3 1.1 I Ethanol 31 S8

4 Placebo 59/M S8 1.7 I Surgery 47 S6

5 Placebo 74/M S7 2.5 II Ethanol 7 S5

6 Placebo 59/M S8 3.0 I Ethanol 26 S6

7 Placebo 58/M S8 1.0 II Ethanol 7 S6

8 Active 68/F S4 1.9 II Ethanol 16 S7

9 Placebo 70/M S6 2.2 I Ethanol 13 S3

10 Placebo 60/M S3 (3) 2.0 I Surgery 8 S8

11 Placebo 63/F S3 4.0 I Surgery 12 S8

12 Active 64/M S7 5.0 I Surgery 13 S4

13 Placebo 63/M S8 4.5 I Surgery 12 S2

14 Placebo 61/M S8 4.0 I Surgery 10 S7

15 Active 73/M S8 4.0 I Surgery 8 S3

16 Placebo 66/M S6 (2) 3.0 I Surgery 10 S3

17 Placebo 47/M S2 3.0 I Surgery 14 S8

18 Placebo 63/F S3 2.3 I Surgery 11 S6

19 Placebo 64/F S5 2.8 II Surgery 9 S2

20 Placebo 63/M S6 (2) 1.8 I Surgery 12 S3

21 Placebo 42/M S7 6.3 I Surgery 9 S3

22 Active 69/M S8 (2) 2.0 II Surgery 8 S2

23 Placebo 52/M S4 (2) 3.0 II Surgery 8 S6

24 Placebo 56/M S8 4.0 I Surgery 34 S2

25 Active 72/F S2 (2) 3.5 I Surgery 7 S8

26 Active 63/F S8 (2) 1.5 II Surgery 10 S5

27 Placebo 60/F S3 (2) 2.5 II Surgery 8 S6
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son and Steiner

 

31

 

). The characteris-
tics of treatment failure, including
the length of time from the first treat-
ment to the second occurrence and
the segment, histologic grade, num-
ber, and size of the second hepa-
tomas, did not differ significantly
between the patients who received
percutaneous injections of ethanol
and those who underwent surgical
resection.

 

Toxicity and Compliance

 

Each of the 89 patients took at
least one capsule containing poly-
prenoic acid or placebo during the
study and were included in the anal-
yses of toxicity. One patient given
polyprenoic acid had severe head-
ache on the first day of therapy, and the drug was discon-
tinued. In the placebo group, one patient had a severe
skin eruption and one had moderate nausea, necessitat-
ing discontinuation of therapy in each. No typical toxic
effects of retinoids, such as dry skin, cheilitis, or conjunc-
tivitis, were observed in either group, nor were any ab-
normal laboratory data possibly related to treatment re-
ported in either group. Mean serum triglyceride levels
were 9.6 mg per deciliter (0.11 mmol per liter) at entry
and 11.7 mg per deciliter (0.13 mmol per liter) at one year
in the active-treatment group and 9.5 and 10.7 mg per
deciliter (0.11 and 0.12 mmol per liter), respectively, in
the placebo group; these differences were not significant.

Five of the 44 patients in the active-treatment group
(11 percent) did not complete the course of treatment:
1 because of toxic effects and 4 because of noncompli-
ance. In the remaining 39 patients, the mean plasma
levels of polyprenoic acid reached 44.9

 

�

 

13.9 ng per
milliliter at one year. Six of the 45 patients in the pla-
cebo group discontinued therapy because of toxic ef-
fects (2 patients) or noncompliance (4).

 

Survival

 

Survival curves were estimated for absolute survival,
disease-free survival until either the primary tumor
progressed or a second primary tumor appeared, and
survival until a second primary hepatoma appeared. As
compared with placebo, polyprenoic acid reduced the
incidence of treatment failure in all three categories,
but only the change in the incidence of second primary
hepatomas was significant (P�0.04). Kaplan–Meier
estimates of the proportion of patients free of second
primary hepatomas over time are shown in Figure 2.

When polyprenoic acid was compared with placebo
by the proportional-hazards model, the estimated rela-
tive risk of a second primary hepatoma was 0.31 (95
percent confidence interval, 0.12 to 0.78); the relative
risk of any type of treatment failure (either a recur-
rence or the appearance of a second primary hepato-
ma) was 0.49 (95 percent confidence interval, 0.25 to

1.1); the relative risk of death was 0.50 (95 percent con-
fidence interval, 0.19 to 1.1). The median duration of ab-
solute survival had not yet been reached in either group
as of this writing.

DISCUSSION

We investigated the effect of a derivative of poly-
prenoic acid (an acyclic retinoid) on the incidence of
new hepatomas after curative treatment of the initial
hepatoma. Retinoids are considered chemopreventive
but not chemotherapeutic, because they mainly inhibit
the promotion of carcinogenesis, but not the later phas-
es of conversion and progression.1-4 Accordingly, we hy-
pothesized that polyprenoic acid would have a greater
effect on second primary hepatomas than on recurrent
tumors. In fact, it significantly reduced the incidence of
second primary hepatomas (P�0.004 for the direct
comparison with placebo after a median follow-up of 38
months), but not the failure rates associated with the
three types of disease progression. These results may
explain why polyprenoic acid did not significantly af-
fect disease-free survival, which included recurrences.
Taken together, our data show that polyprenoic acid
can prevent second primary tumors in patients who are
clinically free of disease after their primary hepatomas
are treated. As for absolute survival, the overall surviv-
al rate remains over 80 percent at this writing, and we
estimate that at least another 48 months will be re-
quired for us to detect a statistically significant differ-
ence between groups, assuming that the curves contin-
ue to have slopes similar to the current ones.

The patients’ clinical characteristics, including age,
sex, and the cause of the underlying chronic liver dis-
ease, were similar to those reported in the general sur-
vey of Japanese patients with hepatoma.17,30 The inci-
dence of treatment failure of any type two years after
the end of the primary treatment in the placebo group
(49 percent) was also in the range previously report-
ed.17-23 Hence, the patients in this study were represen-
tative patients with hepatoma. Risk factors that may be

Figure 2. Kaplan–Meier Estimates of the Proportion of Patients without Second Pri-
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related to the occurrence of new tumors after the treat-
ment of small hepatomas — including the size and
number of the hepatomas treated, the functional
reserve of the liver, and the degree of inflammation of
liver parenchyma (as measured by the serum alanine
aminotransferase activity)17-23,30,32-42 — did not differ be-
tween groups. The method of treating the initial
hepatoma, whether it was surgical resection or percuta-
neous injection of ethanol, was also studied in a strati-
fied analysis between the groups. After adjustment for
these characteristics, multivariate analysis revealed
that the upper bound of the 95 percent confidence in-
terval of the relative risk of a second primary hepatoma
was less than 1 in the group treated with polyprenoic
acid, giving further evidence of the efficacy of the com-
pound.

Hepatoma associated with chronic viral diseases of
the liver is a major health problem in countries such as
Japan, where rates of infection with the hepatitis B and
C viruses in the general population are as high as 1 to
2 percent.43,44 The annual death rate from hepatoma in
Japan exceeds 25,000, and such disease is the third
leading cause of death due to cancer in Japanese men.45

Advances in medical imaging permit the early diag-
nosis and treatment of hepatoma,46,47 but in the most
recent reports,17,18,30 the five-year survival rate barely
reached 40 percent. The low rate of survival after any
treatment is due to the high incidence of recurrent tu-
mors and second primary tumors. The incidence of sec-
ond hepatomas is approximately 25 percent one year
after radical surgical resection and about 50 percent af-
ter two years.17,19-21,30 The percutaneous injection of eth-
anol can produce survival rates at three to five years
that equal or exceed those obtained by surgical resec-
tion.17,22,23 Surgical resection decreases liver mass and
may lead to liver failure, whereas the percutaneous in-
jection of ethanol minimally damages the surrounding
noncancerous liver tissue. Hence, such injections are
preferred to surgery in patients with hepatoma and
chronic viral liver disease,17,22,23 who have a high inci-
dence of recurrent hepatoma and may require repeated
treatment. However, the rates of second hepatomas in
the remnant liver after surgical resection or after the
percutaneous injection of ethanol do not differ,17-23 as
we found in this study.

The high incidence of second primary hepatoma in
our study is in accord with the concept of field can-
cerization,48 which postulates that cancer arises from
a field that is exposed to a continuous carcinogenic
insult. The tissue that constitutes the field forms mul-
tiple precancerous foci and undergoes multicentric car-
cinogenesis.49 In chronic viral liver disease, a typical
example of this concept,50 second primary hepato-
mas frequently develop despite treatment. Chemopre-
vention of hepatocarcinogenesis may therefore improve
the prognosis. Our study is noteworthy in that all new
hepatomas were identified first by ultrasonography
rather than CT or the determination of serum alpha-
fetoprotein levels, a fact that confirms the superior di-

agnostic ability of ultrasonography for small hepato-
mas.46,47

We found polyprenoic acid to be safe. Plasma drug
levels were in the range that was reached in the phase
1 trial and that showed effects in vivo11-13 and in vi-
tro.14,15 Only 1 of the 44 patients who took the drug had
headache. Other toxic effects of retinoids, such as skin
eruptions, musculoskeletal disorders, decreased visual
acuity, anemia, and hyperlipidemia,51 did not appear.

Hepatocarcinogenesis is closely related to the im-
paired metabolism of retinoid. The retinoid content of
hepatoma tissue starts to decline early in carcinogene-
sis.11,52,53 Cellular levels of retinol-binding protein de-
crease and cellular levels of retinoic acid–binding pro-
tein increase in both precancerous and cancerous
hepatic conditions.11,53,54 A cohort study demonstrated
an inverse dose–response relation between the serum
retinol level before diagnosis and the development of
hepatoma.55 Thus, many attempts have been made in
the laboratory to test the efficacy of retinoids on hepa-
tocarcinogenesis.3,11-13,56-60

The mechanism of action of polyprenoic acid is un-
known. In human-hepatoma–derived cell lines, this
compound brought a return of the characteristics of
differentiated hepatocytes, such as the synthesis and
secretion of albumin, through a signal that began with
the binding of the compound to the retinoid X recep-
tor.14,15 Polyprenoic acid also induced differentiation in
promyelocytic leukemia cells.61 It caused apoptosis in
hepatoma cell lines by blocking the autocrine and para-
crine loops of transforming growth factor a.62 Deletion
of an L3-positive hepatoma clone63-65 has also been sug-
gested (unpublished data).

Further research is under way to develop potent and
safe analogues of polyprenoic acid.66 Such compounds
may prevent primary hepatomas, since short-term use
of polyprenoic acid in low doses inhibited the spontane-
ous development of mouse hepatomas for more than two
years.67

We are indebted to the late Yoshikazu Suzuki, to whom this article
is dedicated; to Masahide Aoyama, Masahiro Bando, and Isao Yamat-
su, of the Department of Clinical Development, Eisai Co., Ltd., for
their strong support; to Ms. Rie Nishiwaki, Gifu University School of
Medicine, for her excellent analysis of plasma drug levels by high-per-
formance liquid chromatography; and to Dr. Yoshihiro Shidoji, Gifu
University School of Medicine, for invaluable discussion and sugges-
tions in preparing this manuscript.

APPENDIX

In addition to the study authors, the investigators in the Hepato-
ma Prevention Study Group included T. Yamatsu, First Department
of Internal Medicine, Gifu University School of Medicine; Y. Nishi-
gaki, Gastrointestinal Disease Center, Gifu Municipal Hospital;
H. Okuno, T. Kasai, and K. Takagi, Gihoku Hospital; Y. Ito, Gifu
Red Cross Hospital; and H. Koda, Murakami Memorial Hospital,
Asahi University.
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CORRECTION

Polyprenoic Acid in Hepatocellular Carcinoma

To the Editor: We believe that more data are needed before

polyprenoic acid can be accepted as an effective drug for the adju-

vant treatment of hepatocellular carcinoma, as reported by Muto et al.

(June 13 issue).1 We are concerned about several issues that were

raised in the report. The authors claimed that tumors recurred in 27

percent of the group given polyprenoic acid (12 of 44) and 49 percent

of the placebo group (22 of 45, P = 0.04). However, the Kaplan–Meier

analysis in Figure 2 of the article shows a total of 24 patients (16 in

the polyprenoic acid group and 8 in the placebo group) who were fol-

lowed up for less than 24 months. Among the 24 patients, 11 in the

polyprenoic acid group and 5 in the placebo group had a follow-up of

less than seven months. These 11 patients in the polyprenoic acid

group either were not followed long enough or had recurrence of tu-

mor within six months and by definition should not be included in the

evaluation of the occurrence of a second primary tumor. In addition,

the two-year recurrence rate of 49 percent in the placebo group was

not substantiated by the data, since not all patients had reached two

years of follow-up.

We are also concerned about the selection of six months as the cutoff

point to differentiate a recurrence from a second primary tumor. It

is important to know whether this time point was preselected, since

a P value below 0.05 can easily be reached if multiple cutoff points

are examined.2 Furthermore, sonography was scheduled every three

months, but recurrence was noted at seven, eight, and nine months

of follow-up. Systemic bias would easily emerge if the investigators

were allowed to make a subjective decision about follow-up time. A

much more reliable end point is the overall survival rate.

The authors failed to state clearly some statistical points that are per-

tinent to a phase 3 clinical trial. These include the time at which enroll-

ment was closed, the point at which the results were disclosed after

closure of the study, and the schedule for examining results during the

trial. If the results were examined at multiple points, the study should

be subject to the rule of multiple interim analyses, and a much lower

P value would be required to establish statistical significance.3

Chih-Hsin J. Yang, M.D.

Ann-Lii Cheng, M.D., Ph.D.

National Taiwan University Hospital

Taipei, Taiwan 10016
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To the Editor: In their excellent article, Muto et al. fail to discuss

the importance of the profound vitamin A deficiency that affected

most patients enrolled in their chemoprevention trial of the synthetic

retinoid polyprenoic acid in hepatocellular cancer. The mean (±SD)

plasma retinol levels were 8.9±1.1 and 8.7±1.3 µg per deciliter (not

per milliliter, as erroneously reported in Table 1 of their article) in the

polyprenoic acid and placebo groups, respectively, values that are

below the threshold of severe vitamin A deficiency (i.e., 10 µg per

deciliter).1 Although these values may be consistent with the expected

compromised liver function of this particular cohort, the preventive ef-

fect observed in the group receiving the synthetic retinoid may simply

have been due to the restoration of normal vitamin A status. It is well

known that vitamin A deficiency predisposes patients to alterations in

the process of differentiation and to increased cellular proliferation,1

both of which may have enhanced the underlying process of liver car-

cinogenesis. The observation by Muto et al. seems to confirm the

anticarcinogenic effect of retinoid supplementation in subjects with vi-

tamin A deficiency,2 but the broad implication for cancer prevention in

subjects with normal vitamin A status remains unclear. Indeed, the

recently reported harmful effect of beta carotene supplementation in

subjects with normal vitamin A levels would argue against the use of

this strategy,3 even though the effects of synthetic retinoids may well

be totally different from those of carotenoids.

Another important consequence of vitamin A deficiency is visual prob-

lems, particularly night blindness. The authors state that no disor-

ders of visual acuity occurred. However, impaired adaptation to the

dark occurs frequently below the threshold of 10 µg of plasma retinol

per deciliter, even though it may be unrecognized in some patients.4

Moreover, no mention is made in the article of whether the retinoid

modified plasma retinol levels. Other synthetic retinoids significantly

decrease plasma retinol levels and induce diminished adaptation to

darkness,5 a symptom that may affect the subjects’ ability to drive.

Andrea Decensi, M.D.

Alberto Costa, M.D.

European Institute of Oncology

20141 Milan, Italy
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The authors reply:

To the Editor: In our study of the prevention of second primary hep-

atomas by an acyclic retinoid, we included all randomized subjects in

the analyses rather than only those who were treated, were eligible,

or could be evaluated. This intention-to-treat analysis is the strictest

way to evaluate the efficacy of a treatment.1 For example, the first

tick mark in the retinoid-treated group in Figure 2 of our article rep-

resents a patient who discontinued the drug on the first day because

of headache, but who was followed up for another 61 months. The

follow-up after randomization ranged from 28 to 64 months for all sur-

viving patients. Withdrawal of patients due to death occurred in the

polyprenoic acid group at 12, 13, 21, 25, 30, 32, and 33 months and

in the placebo group at 10, 14, 19, 26, 28, 29 (two patients), 31, 32,

37, 39, and 45 months. We are following the remaining patients to

determine overall survival rates, since they are the most reliable end

points.

The decision to include a cutoff point of six months in the definition of

second primary hepatoma was determined before the study. Another

definition involving DNA analysis may be possible,2 but we believe

our definition is advantageous for a multicenter trial. During the entire

period before the study was closed to enrollment in August 1994, no

interim analyses were either scheduled or performed. Thanks to the

strict protocol and definitions of end points, we did not need to exam-

ine the data at multiple points after the study was closed. The data

were updated in February 1996 solely to provide the latest follow-up

data for a final revision of this article. It is very difficult to avoid a

one-month deviation from scheduled examinations in the conduct of

a clinical trial like ours.

Ingested retinoid is absorbed in the small intestine, stored in the liver,

and delivered to target organs by retinol-binding protein, which is syn-

thesized in the liver.3 The plasma retinol level is determined on the

basis of either hepatic retinol stores or the synthesis of retinol-binding

protein. In vitamin A deficiency, hepatic retinol stores disappear be-

fore the plasma retinol level declines, although retinol-binding pro-

tein is available. In contrast, impaired synthesis of retinol-binding

protein reduces the plasma retinol level but does not affect hepatic

retinol stores in liver cirrhosis. Plasma retinol levels of 8.7 or 8.9

µg per deciliter (not micrograms per milliliter, as was erroneously re-

ported in Table 1 of our article) were consistent with those of patients

with hepatoma in our previous study (18.4±14.6 µg per deciliter).4 In

such patients, retinoid was not deficient in the noncancerous liver tis-

sue (mean, 318 µg per gram).5 Therefore, the mechanism by which

acyclic retinoid inhibited second primary hepatomas in the remnant

liver is not related to supplementation of a deficient nutrient. In fact,

administration of the retinoid for 12 months did not affect the plasma

retinol level in the polyprenoic acid group (8.5±1.2 µg per deciliter).

However, in organs other than the liver, symptomatic retinoid defi-

ciency may appear as a result of decreased delivery of retinol by

retinol-binding protein in such patients. Sensory disturbances such

as impaired adaptation to the dark and diminished taste acuity are

typical, as we reported previously.6 However, no sensory disorders

were reported by the patients or observed by the investigators in the

present study.

Yasutoshi Muto, M.D.

Hisataka Moriwaki, M.D.

Masataka Okuno, M.D.

Gifu University School of Medicine

Gifu 500, Japan
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