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Abstract

In animal models of hepatocellular carcinoma (HCC), deficiency of S-adenosylmethionine
(SAMe) increased the risk of HCC while administration of SAMe reduced HCC. The aim of this
trial was to determine whether oral SAMe administration to patients with hepatitis C cirrhosis
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would decrease serum AFP level, a biomarker of HCC risk in hepatitis C. This was a prospective,
randomized, placebo-controlled, double-blind trial of SAMe, up to 2.4 grams/day, for 24 weeks as
compared with placebo among subjects with hepatitis C cirrhosis and a mildly elevated serum
AFP. Primary outcome was change in AFP between baseline and week 24. Secondary outcomes
included changes in routine tests of liver function and injury, other biomarkers of HCC risk,
SAMe metabolites, markers of oxidative stress, and quality of life. 110 subjects were randomized
and 87 (44 SAMe and 43 placebo) completed treatment. There was no difference in the change in
AFP during 24 weeks among subjects receiving SAMe as compared with placebo. Changes in
markers of liver function, liver injury, and hepatitis C viral level were not significantly different
between groups. Similarly, SAMe did not change markers of oxidative stress or serum glutathione
level. SAMe blood level increased significantly among subjects receiving SAMe. Changes in
quality of life did not differ between groups. Overall, this trial did not find that SAMe treatment
improved serum AFP in subjects with advanced hepatitis C cirrhosis and a mildly elevated AFP.
SAMe did not improve tests of liver function or injury, or markers of oxidative stress or
antioxidant potential.
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Introduction

The incidence of hepatocellular carcinoma (HCC) in the United States increased
approximately three-fold between 1980 and 2010, and is estimated to increase by another
50% between 2010 and 2020 [1, 2]. This increase is primarily due to the development of
cirrhosis and HCC among Americans infected with hepatitis C between 1965 and 1990 [1].
Curing hepatitis C (HCV) decreases the incidence of HCC [3, 4]. However, the cost of HCV
treatment is high and the availability of inexpensive drugs that decreased the incidence of
HCC would be useful.

S-adenosylmethionine (SAMe) is synthesized from methionine and adenosine triphosphate
(ATP) and is a substrate for several biochemical pathways [5, 6]. These include the
aminopropylation pathway in which the aminopropyl moiety of SAMe is used to synthesize
polyamines, transmethylation pathways in which the methyl group (CH3) of SAMe is
transferred to an acceptor molecule such as nucleic acids, proteins, phospholipids, biologic
amines or other small molecules, and the trans-sulfuration pathway in which homocysteine
is converted into glutathione. Oral SAMe has been available in the United States as a
nutritional supplement for more than 10 years. It has an excellent safety profile, with
gastrointestinal side effects occurring in a minority of subjects [7].

Several studies suggest SAMe might be important in the development of hepatocellular
carcinoma. SAMe deficiency, created by feeding a methionine-choline deficient (MCD)
diet, is hepatocarcinogenic in rats and several strains of mice [8-10]. More importantly,
SAMe administration reduces liver cancer in a chemical model of hepatocellular carcinoma
in rats, suggesting a potential chemopreventive use [11, 12].
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Alpha-fetoprotein (AFP) has been used as a serum marker for hepatocellular carcinoma for
the past 40 years [13]. Although alpha-fetoprotein is not directly involved in the
carcinogenesis pathway, multiple studies have shown an association between increased
serum levels of AFP and increased risk for subsequent development of HCC [14, 15].

The current study evaluated the effect of oral SAMe for 24 weeks, at doses up to 2.4 grams/
day, on serum AFP in patients with advanced hepatitis C and a mildly elevated serum AFP
level. Secondary outcomes included the effect of SAMe on other markers of liver function/
injury, markers of oxidative stress, other biomarkers of HCC risk, quality of life, and
metabolites in the methionine cycle. A dose of 2.4 grams of SAMe was selected for study
because it represented the highest dose that could be easily tolerable from a pill burden
perspective (3 tablets twice a day).

Materials and Methods

From 2007 to 2012 we enrolled subjects 18 years of age or older who had chronic hepatitis
C infection and evidence of advanced liver fibrosis based on liver biopsy or a platelet count
less than 150,000/mms3 or an aspartate aminotransferase/alanine aminotransferase (AST/
ALT) ratio >0.75, who also had a serum alpha-fetoprotein level at their clinical laboratory
between 15 ng/mL (approximately 50% greater than the upper limit of normal) and 100
ng/mL. All patients had a recent radiologic examination of the liver that excluded a liver
mass suggestive of hepatocellular carcinoma, and had not received treatment for hepatitis C
in the prior four months and agreed to refrain from HCV treatment during the study period.
Exclusion criteria included liver disease other than hepatitis C, mass in the liver suggestive
of possible HCC within the prior six months, model for end stage liver disease (MELD)
score >15, hospitalization in the prior five years for mania or bipolar disorder, use of a
monoamine oxidase inhibitor, or other serious condition which interfered with patient’s
ability to complete the study.

Study design and oversight

This was a randomized, double-blind, placebo-controlled clinical trial in which patients were
randomized 1:1 to receive SAMe or placebo for 24 weeks. SAMe was donated by Gnosis
S.p.A. (Milan, Italy) and packaged in individual blister packs by Generic Pharmaceutical
Services, Inc. (Hauppauge, NY). SAMe was administered as a 400 mg tablet, taken orally
twice a day. For the first 4 weeks, patients consumed 400 mg (1 tablet) twice a day (800 mg/
day). The dose was increased to two tablets BID (1600 mg/day) for weeks 5 through 8, and
further increased to 3 tablets BID (2400 mg/day) for weeks 9 through 24. Patients
randomized to placebo consumed matching placebo at the same frequency. All patients were
prescribed a multivitamin tablet (B-50) containing vitamin Bg, B1», and folic acid
(Pharmavite, Mission Hills, CA) to consume daily during the 24 weeks; these vitamins are
required cofactors for the conversion of S-adenosylhomocysteine to methionine (by the
enzyme, methionine synthase) or to cystathionine (initial step in trans-sulfuration pathway).
Patients were seen in clinic every 4 weeks through week 24 (end of treatment) and again at
week 30 for an end of study visit. At each clinic visit, patients were assessed for medication
compliance and adverse events, and blood was obtained for safety laboratory tests and study
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outcomes. Quality of life was assessed at weeks 0, 12, 24, and 30 using the short form
(SF)-36 and the chronic liver disease questionnaire (CLDQ) [16]. Three clinical sites started
the study. Because of low enrollment, two enrollment sites were added.

The study was designed by the primary author in consultation with the University of
California-Irvine (UCI) Chao Family Comprehensive Cancer Center (CFCCC) and the study
sponsor (Division of Chemoprevention, NCI) in accordance with Good Clinical Practice
guidelines, the principles of the declaration of Helsinki and applicable regulations. The Data
Safety Monitoring Board for the UCI CFCCC reviewed the conduct of the study annually.
The study was approved by the Institutional Review Board (IRB) at each study site prior to
patient enrollment. All patients provided written informed consent. The site investigators
gathered the data and the UCI CFCCC conducted the data analysis. All authors participated
in the development of the manuscript.

Efficacy and Safety Assessments

End points

Blood for liver function tests and for safety laboratories (CBC, BMP) were analyzed at the
clinical laboratory at each participating hospital. Serum was also frozen and assayed
subsequently in batches for AFP, AFP lectin-3 (AFP-L3), and des-gamma-carboxy
prothrombin (DCP) (by Wako Laboratories, Richmond, VA), for SAMe, S-
adenosylhomocysteine (SAH) and methionine [17], for total homocysteine (tHcy) and
glutathione (GSH) [18] for serum markers of oxidative stress (malondialdehyde [MDA] and,
4-hydroxynonenal [4-HNE]) (Cell Biolabs Inc., San Diego, CA), and serum level of HCV
ribonucleic acid (RNA) (COBAS TagMan HCV test [Roche Molecular Systems]). SF-36
and CLDQ were performed and scored as recommended. The site investigator classified the
severity of adverse events as mild, moderate or severe, and determined the relationship to
the study medicine. Adverse events (AE) were categorized for severity and body site in
accordance with the Common Terminology Criteria for Adverse Events (CTCAE), version
3.0.

The primary efficacy endpoint was change in serum AFP between start of treatment (WO0)
and end of treatment (W24). Secondary outcomes included change in routine liver blood
tests, HCV RNA level, other serum markers of hepatocellular carcinoma (AFP-L3, DCP),
SAMe metabolites, serum markers of oxidative stress, and quality of life.

Statistical analysis

The primary statistical hypothesis of the study was that SAMe treatment for 24 weeks would
decrease the serum AFP level. The sample size was based on preliminary data showing an
expected mean AFP level in the study group of 35 ng/mL (SD=20 ng/mL). An effect size of
12 ng/mL (approximately 33% reduction) was selected and the correlation between the pre-
and post-intervention measurements was assumed to be 0.5. With 40 subjects per treatment
arm, power was estimated at 80% to detect with significance level of 0.05 a reduction in
serum AFP of 11.7 ng/mL, assuming no change in the control group, using a univariate, two
group repeated measures analysis of variance model. We anticipated a 10% drop out rate
and therefore proposed 45 patients/group (total study size 90 subjects).
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All subjects who completed the week 24 visit as planned were included in the data analysis.
The number of subjects in each analysis differed slightly because the number of subjects
with data at both time points (i.e., week 0 and week 24) varied depending on the outcome
measured. Changes in serum AFP and other laboratory values from week 0 to week 24 were
compared between treatment arms using two-group t-tests with two-sided significance level
of 0.05. For any measures that were not normally distributed (SAMe, SAH and SAMe/
SAH), a Mann-Whitney nonparametric test was used. Repeated measures analysis of
variance methods were used to compare trends over time between treatment arms for those
with complete data at all visits. Change in quality of life domains and subdomains were
compared using two-group t-tests. No adjustments were made for multiple comparisons.

A total of 147 patients were screened and 110 were randomized, 57 to the treatment group
and 53 to placebo control (Figure 1). The baseline demographic and laboratory data were
similar in the two treatment groups with no significant differences between arms (Table 1).
23 subjects were excluded after randomization, 13 receiving SAMe (8 adverse events, 4
non-compliant, and 1 lost to follow-up) and 10 receiving placebo (3 non-compliant, 3
adverse events, 1 lost to follow-up, 1 withdrew consent, 1 ineligible and 1 other). A total of
87 patients (43 receiving placebo and 44 receiving SAMe) completed the 24 week treatment
(Figure 1).

Between week 0 and week 24, serum AFP as measured by Wako laboratories decreased
from 34.6 ng/mL to 32.7 ng/mL in subjects receiving SAMe but increased from 35.8 to 41.7
ng/mL in subjects receiving placebo (difference between arms=7.78, p=0.16) (Table 2).
When data were analyzed including only subjects with complete data at all visits (n=83), a
similar non-significant difference between arms was observed for change over time in serum
AFP (p=0.13) (Figure 2). Results did not change when data from local laboratories were
used or when restricted to good compliers with no dose reduction (data not shown). There
was considerable variation across sites, with AFP decreasing following SAMe treatment at
four of the five sites (mean difference between arms equal to 15.18 ng/mL for 41 subjects,
p=0.057). However, at the site with the largest patient enroliment (n=42), there was no
difference between treatment arms (Figure 3). Adjustment for multiple baseline and
treatment variables (e.g., SAMe blood levels, compliance, baseline tests of liver disease
severity, etc.) did not explain the difference in response to SAMe among the study sites.

AFP-L3 and DCP were available in a subset of patients (26 placebo and 27 SAMe). Changes
in DCP and AFP-L3 between week 0 and week 24 did not differ significantly between the
SAMe and the placebo arms (Table 2). Similarly, blood levels of the oxidative stress
markers MDA and 4-HNE did not change with SAMe treatment (Table 2). Treatment and
control groups did not differ significantly with respect to change over time for levels of
routine blood tests for liver function and liver injury, or in HCV RNA level (supplemental
Table 1).

Compliance with medication consumption, as assessed by pill count at each clinic visit, was
excellent among the 87 subjects who completed the week 24 visit (supplemental Table 2).
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Mean SAMe plasma level increased over time among subjects randomized to SAMe as
compared to placebo (Table 2, Figure 4a). Although change in SAMe plasma levels from
week 0 to week 24 demonstrated variability by site (Figure 4b), these differences were not
statistically significant (p=0.65) and did not explain site differences in AFP change over
time. When AFP change was analyzed by strata, defined by quartile of increase in SAMe,
there was no clear trend to suggest that subjects with larger change in plasma SAMe level
had more significant decline in AFP level (data not shown).

SAMe is metabolized to SAH and subsequently to homocysteine. The mean SAH level was
significantly increased among subjects randomized to receive SAMe as compared with
placebo (Table 2), with stepwise increase in SAH with each increase in SAMe dose (data
not shown). SAM/SAH ratio regulates the activity of enzymes that utilize SAMe in
methylation reactions, with a lower ratio signifying slower reactions. Among subjects
receiving SAMe, the SAMe/SAH ratio increased from 3.31 at week 0 to 8.62 at week 24,
but remained unchanged among subjects receiving placebo (3.45 at WO and 3.54 at W24)
(Mann-Whitney test, p<0.001)(Table 2). Change in plasma levels of homocysteine,
methionine, and total glutathione between week 0 and week 24 did not differ between
subjects receiving SAMe and subjects receiving placebo (Table 2).

Quality of life was assessed using the SF-36 and CLDQ questionnaires. All 110 subjects
completed baseline questionnaires. While there were no significant differences between
treatment arms in change from week 0 to week 24 for either the SF-36 Physical or Mental
Component Scores (p=0.88 and p=0.21, supplemental Table 2 and supplemental Figure 1),
data suggest an improvement in mental well-being in the treatment arm. Subjects treated
with SAMe reported a non-significant improvement over 24 weeks in the Mental
Component Score relative to controls and a significant improvement in the Mental Health
subdomain (treatment by time interaction: p=0.24 and p=0.04 respectively; supplemental
Table 2). 106 subjects (52 placebo and 54 SAMe) completed the baseline CLDQ. There
were no significant differences between treatment arms in change over time for the CLDQ
Summary score or in subdomains (supplemental Table 2). Trends over the 24 weeks showed
a non-significant improvement in the CLDQ for the treatment arm relative to controls
(p=0.18 for treatment by time interaction; supplemental Figure 2).

Table 3 lists treatment emergent adverse events, including those that were assessed as
related or not related to the study medicine. Inclusion of a placebo arm allows for
comparison of frequency of adverse events between groups. Approximately 88% (97/110) of
subjects had one or more grade 1 or higher adverse event, 42% (46/110) had grade 2 or
higher and 9% (10/110) had grade 3 or higher, with no difference in frequency or severity of
adverse events between treatment groups. Nausea was significantly more common among
subjects receiving SAMe, while constipation, diarrhea, fatigue and abdominal cramps/pain
were numerically more frequent. Eight subjects receiving SAMe discontinued treatment
because of adverse events, five of which were gastrointestinal (nausea (2), diarrhea (2),
abdominal discomfort (1)). Three subjects receiving placebo discontinued treatment, two
due to gastrointestinal symptoms (gas (1), flatulence (1)). There were seven serious adverse
events among five subjects receiving SAMe and four serious adverse events among three
subjects receiving placebo (not significant; Table 3). None was assessed by the investigator
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to be related to study drug treatment. Thirteen subjects in the SAMe group reduced their
medications because of adverse events as compared with five subjects receiving placebo.
Adverse events occurred at all three dose levels of SAMe (i.e., 800 mg, 1600 mg and 2400
mg/day).

Discussion

This study found a non-significant improvement in AFP among subjects with hepatitis C and
advanced liver disease who received SAMe for 24 weeks as compared with subjects who
received placebo. The choice of the maximal dose of SAMe, 2.4 grams per day, was
empiric. The typical dose of SAMe is between 400 and 1600 mg/day when prescribed as a
medicine in other countries; the daily dose in the US is unknown but is likely less than 1000
mg/day given that the typical tablet size is 200-400 mg. We elected to give as high a dose of
SAMe as reasonably tolerable and within safety limitations. A dose of 2.4 grams per day
was selected because it corresponded with three tablets twice a day, an amount that was
thought to be generally tolerable, without causing “pill burden.”

SAMe treatment was associated with a decrease in serum AFP at week 24, when compared
with placebo treatment, at four of the five treatment sites. However, SAMe treatment did not
decrease serum AFP at the site with the largest subject enrollment (approximately 50% of
enrolled subjects). We could not identify differences in patient characteristics or laboratory
data of liver disease injury or severity, or in SAMe blood levels (medicine compliance or
absorption) that could explain the different AFP responses to SAMe treatment. The apparent
discordant results between the highest enrolling site and the aggregate of the other sites
could reflect an underlying, but not easily determined, difference in conditions that affected
the metabolism of SAMe.

The lack of effect of SAMe in reducing AFP was not due to inability of SAMe to be
absorbed. SAMe blood levels increased markedly among subjects randomized to SAMe, and
the increase persisted throughout the 24 week treatment duration. The elevated SAMe levels
returned to baseline by six weeks after stopping the SAMe.

The reason for lack of effectiveness of SAMe in this study, as compared with its efficacy in
decreasing HCC in chemical-induced carcinogenesis in animal models, is unknown although
several explanations are possible. Chemical carcinogens in animal models of HCC directly
interfere with SAMe metabolism, resulting in significant decreases in hepatic SAMe and in
SAM/SAH ratio -- and the decrease in SAMe levels in the dysplastic nodules and in HCC
continues after the carcinogen administration is discontinued [12,19-22]. Administration of
SAMe to the mice that received chemical carcinogens restores hepatic SAMe level and
hepatic SAM/SAH ratio, which is associated with a decrease in the number of preneoplastic
liver lesions and the prevention of dysplastic nodules and HCC, and is associated with a
decrease in labeling index and an increase in apoptosis in preneoplastic cells [12,20-23].
The mechanism by which chemical carcinogens are hypothesized to promote hepatocellular
carcinoma is through global DNA hypomethylation, especially hypomethylation (activation)
of oncogenes. In an animal model of transplantation of human HCC cell lines into mice
liver, SAMe administration decreased the growth of transplanted HCC by increasing

Cancer Prev Res (Phila). Author manuscript; available in PMC 2016 September 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Morgan et al.

Page 8

apoptosis and reducing angiogenesis [24]. Thus, in animal models of chemical
hepatocarcinogenesis, hepatic SAMe level is decreased and this decrease is believed to
contribute to carcinogenesis through increased oncogene expression, increased hepatocyte
proliferation and increased hepatocyte survival, SAMe administration restores hepatic
SAMe level and reverses these changes.

The mechanisms of hepatocellular development in chronic hepatitis C are incompletely
understood but are believed to involve different, as well as more complex, pathways than
those described for chemical carcinogenesis. Deficiency of SAMe has been described in the
liver in chronic hepatitis C, although the magnitude of deficiency, as compared with the
deficiency in chemical-induced carcinogenesis in animal models, is unclear [25]. There
appear to be several additional carcinogenic pathways in hepatitis C, including oxidative
stress, growth factor activation, and direct binding of HCV proteins to retinoblastoma
protein as well as effects of HCV proteins on p53 function and other cell signaling cascades
[26-28]. In addition, hepatitis C is a chronic inflammatory disease and cirrhosis (fibrosis) is
present in the majority of patients who develop HCC [29]. Thus, the direct role of SAMe
deficiency in contributing to HCC in the setting of chronic hepatitis C is less clear. Finally,
this study measured change in alpha-fetoprotein, which is an indirect marker of
hepatocellular carcinoma; measurement of HCC development would have required a large,
long study and would have raised ethical and funding concerns. In summary, the different
pathophysiology of HCC development in chemical hepatocarcinogenesis, including the
different roles that SAMe deficiency may play in the two types of HCC, the different
outcome measures (HCC vs. AFP), and the lack of data on SAMe in the liver prior to and
during this study (i.e., SAMe administration) may help explain why SAMe was not effective
in this human clinical trial as compared with its effectiveness in chemical
hepatocarcinogenesis in rodents.

SAMe administration increased the blood level of S-adenosylhomocysteine (SAH), the
product of SAMe dependent methyltransfer reactions. The increase in SAMe and SAH, as
expected, led to an increase in the SAMe/SAH ratio in serum. We do not have biochemical
measures of SAMe metabolites other than circulating serum levels of those in the
methionine cycle. Thus, we cannot assess whether oral SAMe altered DNA methylation or
other intracellular biochemical methylation dependent pathways that utilize SAMe and are
regulated by SAH.

SAMe did not alter other downstream metabolites of the methionine cycle. In particular,
homocysteine, which is the immediate downstream metabolite of SAH, was not significantly
elevated in subjects receiving SAMe, possibly due to a high rate of turnover in the
metabolism of homocysteine. However this finding is theoretically advantageous since
elevated homocysteine levels have been associated with increased risk for atherosclerosis,
stroke and cardiovascular events such as cardiac ischemia and myocardial infarctions [31-
32]. Methionine, which is the downstream metabolite of homocysteine, was also not
increased. This is also somewhat unexpected since cirrhotics are reported to not metabolize
methionine as well as control subjects [33, 34] and the cirrhotic subjects in this study were
receiving approximately 2 grams of extra SAMe per day, of which approximately two thirds
is metabolized via transmethylation and a portion recycled to methionine [35]. Our findings
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that SAMe increased plasma SAMe and SAH, without increasing homocysteine or
methionine levels is similar to a previous report of a 6 week study of oral SAMe, 1600 mg/
day, in patients with depression [36].

SAMe is also the precursor of glutathione via trans-sulfuration of homocysteine [5, 37].
Patients with cirrhosis are reported to have low glutathione levels [37], and a prior study of
SAMe administration in cirrhosis reported increased plasma glutathione levels with SAMe
administration [38]. However, we were unable to confirm that SAMe increased plasma
glutathione levels. The effect of SAMe on intracellular glutathione levels, and on
mitochondrial glutathione levels in hepatocytes, were not investigated in this study.

One mechanism by which SAMe is hypothesized to be beneficial is by reducing oxidative
stress. We could not demonstrate that SAMe altered plasma level of 4-HNE, a marker of
protein oxidative stress, or MDA, a measure of lipid oxidative stress (lipid peroxidation).
SAMe’s lack of effect on oxidative stress is consistent with the lack of detectable change in
plasma glutathione level. However, these findings are limited because we measured serum
levels of oxidative stress, not levels of intracellular oxidative stress.

SAMe administration did not affect routine blood tests of liver function (e.g., bilirubin,
albumin) or liver injury (e.g., AST, ALT), nor did it affect the level of HCV RNA in the
blood. SAMe has been recommended as a treatment for several types of liver disease, with
reports of improvement in routine tests of liver function. SAMe administration for two years
improved survival among subjects with advanced alcoholic cirrhosis, although the
mechanism by which SAMe improved survival was not described [39]. Tests of liver injury
(e.g., ALT and AST) in patients with hepatitis can change quickly when patients are treated
with drugs that inhibit the hepatitis C virus. Consequently, it is reasonable to expect that
AST or ALT would have changed during the 24 week treatment period if SAMe had an
effect on liver injury or hepatitis C viral replication. Thus, our finding of lack of effect of
SAMe on these measures, in more than 40 patients treated for 24 weeks, suggests that the
effects of SAMe on liver function in hepatitis C cirrhosis are minimal or difficult to detect
with routine blood tests.

Tolerability of SAMe was reasonable. Gastrointestinal side effects (nausea, abdominal pain,
constipation, diarrhea) were more frequent among subjects receiving SAMe and several
patients were unable to tolerate SAMe because of gastrointestinal symptoms. Nevertheless,
the majority of patients tolerated 2.4 grams of SAMe per day, and many of the common
adverse events among subjects receiving SAMe were also noted among subjects receiving
placebo. Numerically more patients receiving placebo than receiving SAMe required dose
reductions because of adverse events, although none of the serious adverse events was
assessed by the study investigator as related to SAMe.

SAMe has been extensively evaluated as a treatment for depression with inconsistent results
[40]. We did not directly measure depression, but we did measure quality of life using the
SF-36, a widely used and general questionnaire of quality of life, and the CLDQ, a quality of
life instrument for patients with liver disease. We were not able to demonstrate an effect of
SAMe on either the Physical or Mental Component scores of the SF-36. However, SAMe

Cancer Prev Res (Phila). Author manuscript; available in PMC 2016 September 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Morgan et al.

Page 10

did improve the mental health subdomain, suggesting a possible effect on depression. SAMe
did not improve the overall CLDQ score, nor did it alter any of the subdomains when
compared with placebo. Although our patients with hepatitis C had higher scores on the
SF-36 than the general US population (mean score of 50), prior studies of patients with
hepatitis C and advanced liver disease tend to report lower quality of life and more
depression, possibly because of patients’ decreased functional status and potential limitation
in life expectancy [41, 42]. Overall, SAMe does not appear to improve quality of life in
patients with advanced hepatitis C. Whether SAMe is effective as a treatment for depression
in patients with hepatitis C will need to be tested using depression-specific instruments.

In summary, SAMe administration, at doses up to 2.4 grams/day for 24 weeks, failed to
improve the blood level of AFP, a biomarker of HCC risk, in patients with hepatitis C and
advanced liver disease. SAMe administration increased blood level of SAMe and of SAH,
the major metabolite of SAMe in the methionine cycle. However, oral SAMe did not alter
the blood level of homocysteine, methionine, or glutathione, all of which are downstream
metabolites of SAH in the methionine cycle or the trans-sulfuration pathway. Blood levels
of routine biochemical tests of liver function and of liver injury were not altered by SAMe
administration. Likewise, blood levels of oxidative stress were not affected by SAMe.
SAMe did not change quality of life, although it did improve the mental health subdomain
of the SF-36. SAMe was generally well tolerated. Overall, this study failed to suggest that
SAMe should be further tested as a chemopreventive agent against hepatocellular carcinoma
among patients with advanced hepatitis C. The study also suggests SAMe is unlikely to
reduce liver injury or improve function in patients with HCV cirrhosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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AFP alpha fetoprotein
AFP-L3 AFP lectin-3
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ALT alanine aminotransferase
AST aspartate aminotransferase
ATP adenosine triphosphate
BID twice a day
CFCCC Chao Family Comprehensive Cancer Center
CLDQ chronic liver disease questionnaire
CTCAE Common Terminology Criteria for Adverse Events
DCP des-gamma-carboxy prothrombin
HCC hepatocellular carcinoma
HCV hepatitis C virus
IRB institutional review board
MDA malondialdehyde
MELD Model for end stage liver disease
RNA ribonucleic acid
SAH S-adenosylhomocysteine
SAMe S-adenosylmethionine
SF-36 short form-36
tHcy total homocysteine
UcCl University of California, Irvine
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‘ 147 patients enrolled ‘

37 not eligible

13 excluded
8 adverse events
1 lostto fu
4 noncompliance

44 Evaluable SAMe

Figure 1.

110 randomized

53 Placebo

10 excluded
3 noncompliance
3 adverse events
— 1 losttofu
1 withdrew consent
1 ineligible
1 other

43 Evaluable Placebo

Flow chart for patient enrollment, randomization, and completion of the study.
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AFP levels between Week 0 and Week 30. Serum alpha-fetoprotein (AFP), as reported by
Wako Laboratories, for subjects who had AFP at every time point from baseline (Week 30)

to end of follow-up (Week 30). Error bars represent standard errors.
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Change in AFP by Site and Treatment Arm
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Figure 3.
Change in AFP by site and treatment arm. Serum AFP increased between Week 0 and Week

24 among subjects randomized to placebo (control) at all sites. At four of the five sites,
serum AFP decreased among subjects randomized to SAMe. However, AFP did not
decrease among subjects receiving SAMe at the site with the largest number of subjects
enrolled (LBVA).
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Figure 4a
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Change in SAMe by Site and Treatment Arm
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Figure 4.

Serum SAMe. (a) Serum SAMe at all study time points among subjects randomized to
SAMe or placebo shows that SAMe increased significantly among subject receiving SAMe,
but not among subjects receiving placebo, and that serum SAMe level returned to baseline
by Week 30. (b) Serum SAMe levels increased between Week 0 and Week 24 among
subject randomized to SAMe at all study sites, but did not increase among subjects

randomized to placebo.

Cancer Prev Res (Phila). Author manuscript; available in PMC 2016 September 01.



Page 18

Morgan et al.

6',G €e 999 0¢ uelseone) - aoey
91z 1 6'8T o1 o1uedsiH-AnoIULp
8 8y 188 VA4 3|eN- JapusD

% N % N
8L'G ST'0E 95  09°G 1962 €5 INg
88 17’88 IS SL'S Sz'lS €S (sreak) abv
SoNS1I81oRIRYD JUBIRd
6v2298¢ 0.9E/€€ 6 GL6962E 66.GE8T 8 (lw/n1) vNY AOH
ST°0 STT 2 STO eT'T 6v UNI
0€0 S0'T 95  TE0 77T €5 1V/1SY
16'GS 797l 95 €Ll T6CIT €S (unn v
G509 65CIT 95 T¥'19 8L'STT €5 (wni) Lsv
S7'0 90T 95 990 ve'T €S (p/Bw) urgnaing
6962 68°€6 95  09'Ly 79°66 26 (n1) esereydsoyd v
07’0 vS'€ 95  S¥0 8y'e €g (p/B) urungry
8z'1S GllgT 95 LTSy 19T2T S (swwy/g0T) s13perEld
0L0 80'T S5 8v0 60'T 6v (w/Buw) INH-¥
9T'T 76'C S 89T e (4 (Inown) vaw
260 (14 GG 80T 802 6 (Inown) HsO}
08 156 6§ ere 89'6 6v (1/10wn) Aoy
80'TZ €8°0v G5 YETC 8L°0% (4 (1/10wn) sutuoiyis I
0gT €ee G5 6TT 8v'e 6 HVS/NVS
€eeT €EVE S TTTT vT9€ 6v (1owu) Hv's
€6'T9 7L60T S 0T'0S vSTZT 6Y (1/10wu) sNV'S
€ GLL 8¢ 0S'G Ll 43 (%) €1-d4V
LLE ov'T G 8LT v0'T €e (w/Bu) doa
g8'ce LSvE 6§ 8z'l¢ 0T've 8y (wybu) d4v

as uesiy N as uesiy N
9INVS 0Qoade|d SanjeA geT] suljsseg

T alqel

Author Manuscript Author Manuscript

SanfeA geT pue sonsusorIey) auljaseg

Author Manuscript

Author Manuscript

Cancer Prev Res (Phila). Author manuscript; available in PMC 2016 September 01.



Page 19

Morgan et al.

Author Manuscript

Author Manuscript

oVl 8 €11 9 Jun/isyjo/uelsy
1'8¢ 97 Tce LT Aoeld
as UBSIN N as UBSIN N
INVS ogoe|d sanfeA ge auljaeseg

Author Manuscript

Author Manuscript

Cancer Prev Res (Phila). Author manuscript; available in PMC 2016 September 01.



Page 20

Morgan et al.

1581 AUNUAN-UUBIN

8vz0 | ST z0 | 6T0- 58°0 v0'T ev | svo | s00- 00T €0'T v INH-v
€860 | 100 s80 | 100- 5l'e 9.2 ev | 9TT | 000 8e'e 8e'e 7 vamw
£950 | LT0- T | 9vo 122 922 ev | €21 | 620 9z'e 16T v HSD1
0800 | ¥60- 6ez | Lzo zz6 6'8 ev | svz | 890- 10'6 vL'6 124 AoH
8v0 | zee- 68T | zvo eTop 1266 | ev | 296z | 682~ e8¢ 1277 | v | suloipeiy
,1000> | zz'g - 906 | 1E%S 298 €€ ev | 2T | 600 e Sv'e 7 | HYSINVS
,1000> | 82°6T - 1282 | €891 89’8y 9eze | ev | orer | ove- 06'2E ocoe | v HVS
,J000> | eegey - LevvL | veviy 19915 | evzor | ev | z9vs | 606 - geett | wter | SNVS
68,0 | 610 sTT | vT0 21 151 1z | eve | veo 0z'8 181 9z £1-d4v
9920 | 6€0 860 | 920 T 96°0 1z | evT | s90 29T 860 9z dod
09T0 | 8L2 0£0z | €677~ 69'2€ zove | ev | 126z | 98'G 99'TY 186 | OF ddv
anfea-d | swue usemieq soussaPid | aas | oxsem -vzissm | vdtesm | oxeem | N | aas | oeem -vzisem | vziesm | odesm | N
ANVS [023U0D

"$S941S SAITRPIXO JO SIJeW pue salljogeIsl SAYS

Author Manuscript

¢ ?dlqel

Author Manuscript

Author Manuscript

‘siaylewolq DOH 101 #Z %99/ 01 0 %89\ Wody abuey)d

Author Manuscript

Cancer Prev Res (Phila). Author manuscript; available in PMC 2016 September 01.



Page 21

Morgan et al.

Author Manuscript

UOITeLL JU | PO (e $s805qY YBIYL 18]
elUOWINSUG Bwioufoe) Jejn|pooredoH
1I0JwodsIq feuluopgy | uomeoipneld rejnoseA 6o 197
0€S°0 4% L 8 14 SIUBAT 8SJ9APY SNOLISS
8TL°0 6 S 9 e SJUBAT 3SJ3APY SNOIIBS T < Pey OYM Ssjualied
000'T 67 11 6T ) yinow Aug
9%9'0 €¢ €1 6T 01 uoleuLIn paseasou|
¢LS0 T 9 ST 8 ured
000'T €e €T €¢ 4 ayoepesH
8GE0 14 T /T 6 anbireq
000'T T 8 €T L eluwosu|
000'T 14 4 4 T aAnisod uolelalje poo
(0]2740] 6 S 1% 14 anIrebau uoeIa)e poo
abuey) pooy
8T.°0 6 S 9 € Buniwon
9TT'0 0€ LT 14 174 SeO
¢6v7'0 T 9 9 € uingi.reaH
0v0'0 0e LT €T L easneN
0T¥'0 GE 0¢ 9 T eaylrelq
€00 €C €T 6 S uolredsuo)
0900 6 2 12 1 ured/sdwe.d feuruopay
[eunsaiuI0IISeD)
6 S 6 S € 9peto
o 9¢ 8¢ 0¢ Z apelo
16 [4S] a8 1% T9pe1o
*m:_m?a JUS2 I8 d N U0 B N JUBAT 8SI8APY
(£G=u) Juswyea | (eg=-u) jo13u0D

A10Ba1ed Ag ‘uoneziwopuel s}k SJUBAS 9SIBAPE YIIM Siualied Jo JaquinN

€9lgel

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Prev Res (Phila). Author manuscript; available in PMC 2016 September 01.



Page 22

Morgan et al.

Author Manuscript

1591 10BX3 S, J8ysi- 40 anjea-d ay |
M

"3AISN[OX8 AJ[eninuw 10U 8Je SMOY "UOIIEZIWOopURl Ja1fe 1ISIA dn-moj[o) 8Uo 1ses] T YlIMm s10algns sapnjoul

1IN perena|3 IS-UoN

awo.Jpu/s 910ydaN

ured [euiLopay

uosueLRdAH fellod

SINIPD [eULOPaY

anfea-d
¥

1usd.led

N

Ul led

N

JUBAT 8S43APY

(2G=u) Juawiyeal |

(eg=-u) j01U0D

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Prev Res (Phila). Author manuscript; available in PMC 2016 September 01.



