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SUMMARY

The efficacy and safety of a lower dose of vitamin E for metabolic dysfunction-associated steatohepatitis
(MASH) treatment are unclear. This multi-center, randomized, double-blind, placebo-controlled study in-
cludes 124 non-diabetic participants with biopsy-proven MASH. Participants are randomly assigned to
receive oral vitamin E 300 mg or the placebo in a 1:1 ratio. The primary outcome is improvement in hepatic
histology. In the modified intention-to-treat population, 29.3% of participants in the vitamin E group achieve
the primary outcome compared with 14.1% in the placebo group. Significant improvement in steatosis,
lobular inflammation, and fibrosis stages is observed in the vitamin E group. 12 serious adverse events are
reported in this trial but are not considered to be related to the treatment. Vitamin E 300 mg daily achieves
sound improvements in liver histology in the Chinese population with MASH. This study is registered at
ClinicalTrials.gov (NCT02962297).

o Cell Reports Medicine 6, 101939, February 18, 2025 © 2025 The Author(s). Published by Elsevier Inc. 1
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INTRODUCTION

Metabolic dysfunction-associated steatotic liver disease
(MASLD), previously termed non-alcoholic fatty liver disease
(NAFLD), has become one of the most common chronic liver dis-
eases worldwide, with prevalence approaching 30% both in the
globe and in Asia."? Its more severe form, metabolic dysfunc-
tion-associated steatohepatitis (MASH), is characterized by he-
patocellular damage and inflammation, with or without fibrosis,
resulting in a heavier burden of liver-related morbidity and mor-
tality. In 2024, the thyroid hormone receptor-f selective agonist
resmetirom has been approved for the treatment of moderate-
to-advanced fibrotic MASH.® However, the development of
MASH is driven by various pathophysiological factors. There is
still an unmet need for treatment in a large population with
MASH and liver fibrosis.

Oxidative stress is the main contributor in the process of
MASH. It occurs when the scavenging capacity of the antioxi-
dant system exceeds the production of reactive oxygen spe-
cies.*™® Vitamin E, a natural antioxidant, is one of the most prom-
ising treatments for MASH. Two landmark randomized clinical
trials, PIVENS’ and TONIC® studies, proved the efficacy of
vitamin E both in adults and children. Since then, trials of vitamin
E with different doses were conducted in adults with MASLD
over the past decade, showing positive results in reduction of
liver functions and liver histologic parameters.® However, the
optimal dose of vitamin E is still inconclusive. An umbrella
review of meta-analysis showed that prescription of less than
600 IU/day vitamin E can improve liver enzymes and liver steato-
sis, while significant liver fibrosis improvement can be achieved
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in vitamin E over 600 IU/day and when treatment duration is over
12 months'® However, dose escalation of vitamin E raises safety
concerns, including hemorrhagic stroke,'" prostate cancer,'*'®
cardiovascular disease,'® and even all-cause mortality.
Exploring an appropriate dose of vitamin E to balance the bene-
fits and adverse effects is required.

In China, 300-450 IU/day (200-300 mg) of vitamin E is recom-
mended for the Chinese population.’” Previous pharmacoki-
netics analysis of vitamin E demonstrated that multiple doses
of 300 mg daily showed comparable maximum concentration
(Cmax) and area under the curve with 600-800 mg daily adminis-
tration.'® Therefore, this multi-center, double-blind, randomized,
placebo-controlled, investigator-initiated trial aimed to evaluate
the efficacy and safety of vitamin E 300 mg versus the placebo
for the treatment of non-diabetic participants with MASH (VENS).

15,16

RESULTS

Participants

A total of 169 participants were screened between January 24,
2017, and November 6, 2018, and 124 eligible participants
were randomly assigned to the vitamin E 300 mg group and
the placebo group in a 1:1 ratio, and they were considered as
the full analysis set (FAS). Two participants were excluded
from the modified intention-to-treat (mITT) population prior to
unblinding agreed by the data monitoring committee as their
baseline biopsy had been performed more than 6 months before
enrollment. Finally, the mITT comprised 122 participants, and
the safety analysis set included 124 based on inclusion and
exclusion criteria (Figure 1).

Figure 1. Flow chart

l 169 Patients were assessed for eligibility ]

45 Were excluded
29 Did not meet inclusion criteria
9 Declined to participate
7 Other reasons

I 124 Underwent enrolled l

l

[ 124 Underwent randomization ]

—>| 2 were excluded from mITT before unblinding

! }

58 Were assigned to 64 Were assigned to
receive vitamin E receive placebo

} l

‘ 58 Received vitamin E | | 64 Received placebo |

15 Stopped treatment before 96 wk
12 Declined to participate
2 Due to adverse events
1 Had for other reasons

7 Stopped treatment before 96 wk
4 Declined to participate
1 Were lost to follow-up
2 Had other reasons

| 43 Completed 96 weeks treatment

’ 57 Completed 96 weeks treatment

1 i

study biopsies

39 Underwent baseline and end-of- |
study biopsies

51 Underwent baseline and end-of-
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Table 1. Baseline characteristics of patients in the full analysis set (FAS)

Vitamin E 300 mg group (n = 58) Placebo group (n = 66) p value

Demographic factors - - -
Age, y 37.9 (11.7) 39.0 (11.6) 0.60
Gender - - -
Male 42 (72.4%) 50 (75.8%) -
Female 16 (27.6%) 16 (24.2%) 0.60
HP genotype - - 1.00
HP 1-1 0 (0.0%) 0 (0.0%) -
HP 2-1 1(1.7%) 2 (3.0%) -
HP 2-2 57 (98.3%) 64 (97.0%) =
Anthropometric parameters - - -
BMI, kg/m? 26.7 (4.1) 25.4(2.8) 0.02
WHR 0.9 (0.1) 0.9 (0.0) 0.73
Serum biochemical levels - - -
ALT, U/L 60.4 (36.8) 60.1 (37.8) 0.93
AST, U/L 33.6 (15.4) 36.0 (16.9) 0.51
v-GT, U/L 44.7 (28.6) 46.0 (34.7) 0.60
AKP, U/L 85.8 (26.8) 84.5 (29.0) 0.60
TBIL, pmol/L 16.4 (9.7) 17.9 (8.5) 0.30
Lipids - - -
TG, mmol/L 1.8 (0.9) 1.8(1.0 0.80
TC, mmol/L 4.6 (0.9) 4.6 (0.7) 0.54
HDL, mmol/L 1.2 (0.3) 1.1(0.2) 0.82
LDL, mmol/L 2.9(0.7) 2.8(0.7) 0.92
Metabolic factors - - -
FPG, mmol/L 5.2 (0.6) 5.3 (0.6) 0.85
FINS, pmol/L 92.3 (54.1) 94.9 (80.0) 0.61
HOMA-IR 3.6 (2.3) 3.7 (3.2) 0.61
2 h FPG, mmol/L 7.0(1.9) 7.1 (2.1) 0.81
Proinflammatory cytokines = = =
TNF-a, pg/mL 7.9 (0.6) (0.6) 0.66
IL-6, pg/mL 5.1 (0.8) 5.2 (0.8) 0.34
Cytokeratin 18 - - -
Fragment M30, U/L 474.7 (47.8) 473.8 (41.9) 0.84
Fragment M65, U/L 739.5 (73.1) 727.6 (75.3) 0.55
FibroScan assessment - - -
CAP, dB/m 278.8 (52.6) 278.4 (48.3) 0.44
LSM, kPa 7.7 (3.2) 6.5 (2.3) 0.06
Liver histology - - -
Steatosis (%) - - 0.89

1 18 (31.0) 22 (33.3) -

2 25 (43.1) 27 (40.9) -

3 15 (25.9) 17 (25.8) -
Lobular inflammation (%) - - 0.92
0 0(0.0) 1(1.5) -

1 23 (39.7) 29 (44.0) -

2 26 (44.8) 28 (42.4) -

3 9 (15.5) 8 (12.1) -

(Continued on next page)
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Table 1. Continued
Vitamin E 300 mg group (n = 58) Placebo group (n = 66) p value
Ballooning degeneration (%) - - 0.26
0 9 (15.5) 10 (15.2) =
1 36 (62.1) 48 (72.7) -

2 13 (22.4) 8(12.1) -
Total NAS (%) - - 0.59
2 4 (6.9) 6 (9.1) -

3 8(13.8) 7 (10.6) -

4 11 (19.0) 17 (25.8) =
5 18 (31.0) 19 (28.8) -

6 10 (17.2) 15 (22.7) -

7 5(8.6) 1(1.5) -

8 2 (3.5) 1(1.5) -
Fibrosis (%) - - 0.41
0 28 (48.3) 25 (37.9) -

1 21 (36.2) 28 (42.4) -

2 6 (10.3) 10 (15.2) =
3 3(5.2) 2 (3.0 -

4 0(0.0) 1(1.5) -

Continuous variables are presented with mean (standard deviations), and categorical variable are presented with n (%). Abbreviations: Hp, hapto-
globin; BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; WHR, waist-to-hip ratio, calculated as waist
circumference in meters divided by hip circumference in meters; ALT, alanine aminotransferase; AST, aspartate aminotransferase; y-GT, glutamyl
peptidyl transferase; AKP, alkaline phosphatase; TBIL, total bilirubin; TG, total triglycerides; TC, total cholesterol; LDL, low-density lipoprotein;
HDL, high-density lipoprotein; FPG, fasting plasma glucose; FINS, fasting insulin; HOMA-IR, homeostasis model assessment for insulin resistance,
calculated as insulin x glucose/22.5, where the unit of measure for insulin is plU/mL and the unit of measure for glucose is mmol/L; TNF-a, tumor
necrosis factor «; IL-6, interleukin-6; CAP, controlled attenuation parameter; LSM, liver stiffness measurement; NAS, non-alcoholic fatty liver dis-

ease activity score.

All of these participants received personalized lifestyle
advice by dieticians during the trial (Figure S1). Study groups
were well balanced for demographic and clinical characteris-
tics. The mean (standard deviation [SD]) age was 37.9 (11.7)
years in the vitamin E 300 mg group and 39.0 (11.6) years in
the placebo group, with males accounting for 42 (72.4%) and
50 (75.8%), respectively. The corresponding mean (SD) body
mass index (BMI) was 26.7 (4.1) kg/m? and 25.4 (2.8) kg/m? in
the vitamin E 300 mg and the placebo groups, respectively
(Table 1).

Hepatic histological parameters were well balanced between
the two groups. 79.3% and 80.3% of participants in the vitamin
E 300 mg and the placebo groups had an NAFLD activity score
(NAS) score >4 at the final central reading (Table 1). The
alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) levels in the vitamin E 300 mg group were 60.4
(36.8) U/L and 33.6 (15.4) U/L, respectively, and 60.1 (37.8)
U/L and 36.0 (16.9) U/L in the placebo group, respectively.
The liver stiffness measurement (LSM) was 7.7 (3.2) kPa in the
vitamin E 300 mg group and 6.5 (2.3) kPa in the placebo group.
As for the haptoglobin (HP) genotype, 98.3% of participants
in the vitamin E 300 mg group and 97.0% of participants
in the placebo group showed an HP 2-2 genotype. Only three
participants were HP 2-1 genotype (one in the vitamin E and
two in the placebo groups), and none were HP 1-1 genotype
(Table 1).
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Efficacy

The percentage of participants with liver histological improvement
(the primary endpoint) after 96 weeks was significantly higherin the
vitamin E 300 mg group than in the placebo group (29.3% vs.
14.1%, respectively; odds ratio [OR], 2.5; 95% confidence interval
[CI]: 1.0-7.1; p = 0.04) (Figure 2A). Similar results were seen in
sensitivity analyses when baseline biopsy specimens were at local
reading and post 96-week specimens were at central reading
(Table S1). Subgroup analyses for the primary outcome showed
that males, participants aged below 40 years, and participants
with NAS 5-8 in the vitamin E 300 mg group were associated
with a significant histological improvement than those in the pla-
cebo group (Table S2). Typical pictures with improvements in liver
histology were shown in Figure S2.

The difference between the vitamin E 300 mg treatment and
the placebo groups in fibrosis improvement by at least one stage
without worsening of steatohepatitis after 96 weeks (the explor-
atory secondary endpoint) did not reach statistical significance
(25.9% vs. 15.6%, respectively; OR, 1.9; 95% Cl: 0.7-5.2;
p = 0.16) (Figure 2B). In addition, 12.1% of the participants in
the vitamin E 300 mg group reached steatohepatitis resolution
without worsening of fibrosis, whereas the percentage in the pla-
cebo group was 17.2% (OR, 0.7; 95% CI: 0.2-2.0; p = 0.43) (Fig-
ure 2C). The composite endpoint of fibrosis improvement by at
least one stage or steatohepatitis resolution without fibrosis
worsening also failed to achieve statistical significance between
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Figure 2. Primary endpoints and secondary
endpoints (mITT)

(A) Subjects with liver histological improvement.
(B) Fibrosis improvement by at least one stage
without worsening of steatohepatitis.

(C) Steatohepatitis resolution without worsening
of fibrosis.

OR 1.9

304 29.3

20

20 14.1

10+
10
58

64 58

Proportion of patients (%)

Proportion of patients (%)

(D) Fibrosis improvement by >1 stage or steatohe-
patitis resolution without fibrosis worsening either.
Data are presented as percentage (%). See also

15.6 Tables S1 and S2.

64

showed the downward trend in the

1 T
Vitamin E  Placebo

O

Steatohepatitis resolution

ORO0.7
(95% CI 0.2, 2.0)

40+ P=043 40—+ 37.9

1
Vitamin E

Fibrosis improvement or
steatohepatitis resolution either

(95% Cl 0.7, 1.9)
P=0.56

Placlebo vitamin E 300 mg group (Table 2).
Changes to lipids and glucose profiles
did not differ significantly between the
two groups (Table 2).

OR1.2 Safety

A total of 124 participants were included
in the safety population. There were 11
adverse events, with seven (12.07%) in

30 30

20 20

121

104 104

58 64 58

Proportion of patients (%)

Proportion of patients (%)

the vitamin E group and four (6.06%) in
the placebo group (Table 3). Within the
96-week intervention time frame, the
incidence rate was 7.17 cases and 4.21
cases per 100 person-years in the vitamin
E and placebo groups, respectively.
However, they were not considered treat-

32.8

64

ment-related adverse events. Combina-

T T
Vitamin E  Placebo

the vitamin E 300 mg and the placebo groups (37.9% vs. 32.8%,
respectively; OR, 1.2; 95% CI: 0.7-1.9; p = 0.56) (Figure 2D).

For each component of NAS, participants who received
vitamin E 300 mg showed a significant reduction in steatosis
(win ratio [WR]: 2.5, 95% ClI: 1.3-5.0, p = 0.01), lobular inflamma-
tion (WR: 2.0, 95% ClI: 1.0-4.0, p = 0.04), fibrosis score (WR: 2.1,
95% CI: 1.0-4.0, p = 0.04), and total NAS score (WR: 1.9, 95%
Cl: 1.1-3.4, p = 0.03) compared with the placebo group, while
hepatocyte ballooning did not achieve significant improvement
between the two groups (Figure 3). Proportion changes in histo-
logic features were listed in Table S3.

There was a rapid decrease in ALT and AST in both groups at
24 weeks, but only in those who received vitamin E 300 mg had a
sustained decrease at 96-week post-treatment and 24-week
follow-up (Figure 4 and Table S4). As for the controlled attenua-
tion parameter (CAP) and LSM, favorable and stable mean (SD)
changes from baseline to 96 weeks were observed in the vitamin
E 300 mg group compared to the placebo group (CAP: —6.4
[566.8] vs. 8.3 [64.2], p = 0.06; LSM: —1.2 [3.2] vs. 0.3 [2.4],
p = 0.04) (Table 2). In addition, proinflammatory cytokines
interleukin-6 (IL-6) decreased significantly in the vitamin E
300 mg group compared with the placebo group (—0.1 [0.7] vs.
0.3 [0.7], p = 0.04). The level of tumor necrosis factor-o. (TNF-a)

1 T
Vitamin E  Placebo

tion therapies were listed in Table S5.
There were no instances of cardiovascu-
lar events, heart failure, or new-onset dia-
betes during the intervention and after
24 weeks of follow-up. In males, serum brain natriuretic peptide
(BNP) and prostate-specific antigen (PSA) remained within the
normal range, and prostate ultrasound examinations for male
participants revealed no abnormality after 96 weeks of treatment
(Figure S3).

DISCUSSION

This study assessed the liver histological efficacy of 300 mg
vitamin E in participants with biopsy-proven MASH over a
96-week intervention period, followed by a 24-week follow-up.
Our study showed that a low dosage of vitamin E successfully
achieved the primary endpoint, significantly improving the over-
all liver histology. Remarkable reductions were also observed in
steatosis, lobular inflammation, total NAS, and fibrosis. In addi-
tion, 300 mg vitamin E with 96-week treatment achieved signifi-
cant improvement in liver enzymes and LSM.

Previous studies have proved that individuals with MASH
could benefit from high dose of vitamin E. Harrison et al.'® con-
ducted a prospective clinical trial in individuals with MASH,
demonstrating that the combination of 1,000 IU vitamin E and
1,000 mg vitamin C per day for 6 months significantly reduced bi-
opsy-confirmed liver fibrosis score but without inflammation

Cell Reports Medicine 6, 101939, February 18, 2025 5
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improvement. In 2010, the PIVENS study highlighted the efficacy
of 800 IU vitamin E in the treatment of MASH.” Our study demon-
strated that a relatively lower dosage of vitamin E was capable of
improving liver histological parameters.

In this study, the definition of histological improvement was
consistent with the PIVENS study.” A few participants in this
study showed a baseline ballooning score of 0 and total NAS
of 2-3 re-assessed by the central panel of pathologists. There-
fore, an NAS decrease of 2 was considered a histological
improvement. The response rate in our study was lower than
that in the intention-to-treat (ITT) population reported in the
PIVENS study, which may be partly due to relatively high missing
data in this study. Nonetheless, the overall liver histological
improvement rate in this study was comparable to the results
of the per-protocol set in the PIVENS study.

The exploratory secondary endpoints, including an improve-
ment in liver fibrosis by >1 stage without worsening of steatohe-
patitis, steatohepatitis resolution without liver fibrosis wors-

@ Vitamin E
i Placebo

Weeks

Cc
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Figure 3. Changes from baseline in histo-
logic features (mITT)

(A) Steatosis, (B) lobular inflammation, (C) hepa-
tocyte ballooning, (D) total NAFLD activity score,
and (E) fibrosis.

Data are presented as the inter-quartile range
(IQR), and the upper and lower error bars repre-
sent 75th percentile plus 1.5 times IQR and
the 25th percentile minus 1.5 IQR, respectively.

WR 0.8
o y
95% C1 0.4, 1.6

P =047

NAFLD, non-alcoholic fatty liver disease. See also
Table S3.

T T
Vitamin E Placebo

ening, and improvement in fibrosis by
>1 stage or steatohepatitis resolution
without fibrosis worsening, did not
achieve significant differences between
the two groups. However, the vitamin E
300 mg group improved fibrosis in the
mITT population, significantly higher than
those inthe placebo group. Moreover, sig-
nificant change was observed in LSM
evaluated by FibroScan at the end of the
treatment in the vitamin E 300 mg group
in comparison with the placebo group. Liver fibrosis, a crucial
point for liver-related adverse outcomes, is important in the whole
process of MASLD development. Although only a few pilot trials
showed that vitamin E with a high dosage could change biopsy-
confirmed liver fibrosis, ' a retrospective study inclusive of par-
ticipants with MASH and advanced fibrosis showed that treatment
with vitamin E was associated with lower hepatic decompensation
and higher transplant-free survival.>' It was speculated that
vitamin E has a hepatoprotective effect by reducing oxidative
damage to liver cells, inhibiting de novo lipogenesis via decreasing
sterol regulatory-element binding protein-1 processing, and lipo-
genic gene expression.” It was also found that vitamin E was
associated with cholesterol homeostasis, inflammatory pathways,
and cellular trafficking in a non-antioxidant manner.?® However, it
must be admitted that currently there is still a lack of robust data
to support the benefits of vitamin E in the improvement of
liver fibrosis under the criteria of the Food and Drug Administra-
tion. At the end of the 96-week intervention, significant changes

B AST

@ Vitamin E
B Placebo

uL

Weeks

Figure 4. Change between baseline and week 96 in ALT and AST (FAS)

(A) ALT and (B) AST.

Data are presented as mean + standard error. ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Table 2. Changes between baseline and week 96 in selective secondary endpoints (FAS)

Value
Vitamin E 300 mg group (n = 58) Placebo group (n =66) Point estimate (95% ClI) fANCOVA)
Changes in anthropometric parameters - - -
BMI, kg/m? 0.8(3.2) 0.0 (2.0) 1.1(0.2,2.0) 0.02
WHR? 0.0 (0.0) 0.0 (0.0 0.0 (0.0, 0.0) 0.68
Liver enzyme - - - -
ALT, U/L —22.2 (36.6) —6.0 (44.3) —16.0 (—27.1, —4.9) 0.01
AST, U/L —-8.8(16.4) —2.8(19.6) —7.9(—12.4, -3.4) <0.01
v-GT, U/L -3.3(21.7) 0.4 (27.0) —4.3(-11.7, 3.0) 0.25
AKP, U/L —2.2(24.8) —2.1(24.0) 0.5(-7.2,8.1) 0.90
TBIL, umol/L —2.3(8.0) -1.9(7.2) -1.3(-3.2,0.6) 0.17
Lipids - - - -
TG, mmol/L 0.3(1.2) 0.4 (1.4) —0.2 (-0.7, 0.3) 0.48
TC, mmol/L 0.4(1.1) 0.3(1.0) 0.1(-0.3,0.4) 0.75
HDL, mmol/L 0.0 (0.3) 0.0 (0.2) 0.0 (0.1, 0.1) 0.71
LDL, mmol/L 0.2 (0.8) 0.2 (0.8) 0.0(-0.3,0.2) 0.86
Metabolic factors - - - -
FPG?, mmol/L —0.1(0.8) 0.2 (0.8) —0.2 (-0.5, 0.0) 0.90
FINS, pmol/L —14.8 (75.3) —12.8 (75.3) —2.0(—28.9, 24.8) 0.86
HOMA-IR —0.5(3.4) —0.4 (3.4) -0.1(-1.30, 1.11) 0.84
2 h blood glucose, mmol/L 0.5 (2.8) 0.6 (3.3) —-0.3(-1.2,0.7) 0.58
Changes in proinflammatory cytokines® — - - -
TNF-a, pg/mL -0.8(1.2) —0.2 (0.4) —0.4 (—1.4,0.5) 0.33
IL-6, pg/mL —0.1(0.7) 0.3 (0.7) -0.7 (—1.4,0.0 0.04
Cytokeratin 18° = = = =
Fragment M30, U/L —81.0 (99.8) —20.3 (88.3) —60.6 (—93.6, —27.6) <0.001
Fragment M65, U/L —90.4 (120.4) —22.5 (82.0) —63.8 (—94.5, —33.0) <0.001
FibroScan assessment - - - -
CAP, dB/m —6.4 (56.8) 8.3 (54.2) —14.4 (—29.1, 0.4) 0.06
LSM, kPa -1.2(3.2) 0.3 (2.4) —0.9 (—1.8,0.0) 0.04

Data are presented as mean (SD). An analysis of covariance (ANCOVA) model was used, with the absolute change from baseline as the dependent
variable, treatment group as a fixed factor, and baseline value as a covariate.

BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; WHR, waist-to-hip ratio, calculated as waist circum-
ference in meters divided by hip circumference in meters; ALT, alanine aminotransferase; AST, aspartate aminotransferase; v-GT, Glutamyl peptidyl
transferase; AKP, alkaline phosphatase; TG, total triglycerides; TC, total cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein; FPG,
fasting plasma glucose; FINS, fasting insulin; HOMA-IR, homeostasis model assessment for insulin resistance, calculated as insulin x glucose/22.5,
where the unit of measure for insulin is plU/mL and the unit of measure for glucose is mmol/L; TNF-a, tumor necrosis factor «; IL-6, interleukin-6; CAP,

controlled attenuation parameter; LSM, liver stiffness measurement.
See also Table S4.

#Both baseline BMI and corresponding baseline value were included as covariates in the ANCOVA model considering the p value for the main effect of

baseline BMI was less than 0.05.
Pn = 39 in the vitamin E group and n = 52 in the placebo group.

in ALT and AST were observed in the vitamin E 300 mg
group compared with the placebo group. In addition, IL-6, a repre-
sentative proinflammatory cytokine, was also significantly lower in
the vitamin E 300 mg group compared with the placebo group.
However, no significant improvements were observed in lipid
and glucose profiles in this study.

HP is a secretory protein synthesized by hepatocytes and
binds to hemoglobin to prevent oxidative stress mediated by
heme iron. The HP gene has two alleles, HP1 and HP2, giving
rise to three genotypes (HP 1-1, HP 2-1, and HP 2-2). HP 2-2
protein has been reported to show lower antioxidant activity

than other protein forms.”*> Unexpectedly, among participants
enrolled in this trial, only three participants had genotype HP 2-1
and none had HP 1-1. The predominance of HP 2-2 in partici-
pants with MASH is one of the potential reasons for the efficacy
of low-dose vitamin E.

For safety profiles, treatment with 300 mg vitamin E was well
tolerated. No participants died during the study, and no serious
adverse events were determined to be causally related to
the study treatment. All adverse events resolved without
sequelae following appropriate treatment. Prostate cancer, car-
diovascular disease, and stroke with long-term and high-dose
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Table 3. Clinical events, outcomes, and severe adverse events (safety set)

Vitamin E 300 mg group (n = 58) Placebo group (n = 66) p value

Total adverse events 7 (12.07%) 4 (6.06%) 0.24
Kidney and urinary tract diseases 2 (3.45%) 1(1.52%) 0.50

Chronic glomerulonephritis 1 0 -

Hydronephrosis 0 1 -

Ureteral calculi 1 0 —
All kinds of injuries, poisoning, and 1(1.72%) 1(1.52%) 0.94
operational complications

Bone fracture 1 0 -

Tendon injury 0 -

Lumbar spine fracture 1 -
Benign, malignant, and tumors of unknown 1(1.72%) 1(1.52%) 0.94
nature (including cystic and polypoid)

Bladder tumor 0 1 -
Adenocarcinoma of the lung 1 0 -
Infectious and invasive diseases 0 (0.00%) 1(1.52%) 0.34
Infectious pneumonia 0 1 -
Various musculoskeletal and connective 1(1.72%) 0 (0.00%) 0.29

tissue disorders
Periarthritis 1 0 -

Various surgical and medical procedures 1(1.72%) 0 (0.00%) 0.29
Induced abortion 1 0 -

Gastrointestinal system diseases 1(1.72%) 0 (0.00%) 0.29
Colorectal polyps 1 0 -

Data are presented as n (%).

use of vitamin E have been a concern in previous studies.”®'®In  ogy and key NAS components in participants with biopsy-

this trial, neither prostate cancer nor cardiovascular events or
stroke developed during the 96-week intervention phase or
24-week follow-up phase. In addition, there were no abnormal
results in BNP, PSA (for males), or the prostate (for males) eval-
uated by ultrasound after treatment.

Limitations of the study

This trial has several limitations. Firstly, shadowed by the
pandemic of COVID-19, the dropout rate exceeded expectations
and negatively impacted the efficacy evaluation. Since partici-
pants who were lost to follow-up were considered to have no
response to treatment, the efficacy of vitamin E in the mITT pop-
ulation was lower than expectations. Secondly, all the partici-
pating centers were located in China, and the results in our study
should be interpreted with caution when extrapolating to other
countries and regions. Thirdly, the biopsy results were initially as-
sessed at each participating center during recruitment, with the
final baseline biopsy results determined by central reading. This
process introduced variability in NAS and fibrosis evaluations,
potentially biasing the final outcomes. Finally, the sample size
was relatively small, potentially because liver biopsy is not
accepted by most participants due to its invasiveness.

Conclusions

In summary, the study confirmed that 300 mg vitamin E with a
96-week treatment had positive effects on overall liver histol-

8 Cell Reports Medicine 6, 101939, February 18, 2025

proven MASH. This dosage of vitamin E also showed improve-
ment in liver enzymes and proinflammatory cytokines without
obvious safety concern. Vitamin E with 300 mg per day may
offer a safer long-term treatment option for participants
with MASH.
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REAGENT or RESOURCE SOURCE IDENTIFIER

Biological samples

Blood and liver biopsy samples of the participants this study N/A

Critical commercial assays

QlAamp DNA Blood Kit Qiagen #51104

Software and algorithms

SAS version 9.4 SAS Institute https://www.sas.com/

R version 4.2.3 R-Project https://www.r-project.org/
GraphPad Prism version 10.1.2 GraphPad Prism https://www.graphpad.com/scientificsoftware/prism/
Biorender Biorender biorender.com

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

The VENS trial was a multi-center, double-blind, randomized, placebo-controlled, investigator-initiated trial performed at 14 clinical
centers in Mainland of China (NCT02962297), including Hangzhou Normal University Affiliated Hospital; Beijing Youan Hospital, Cap-
ital Medical University; Tianjin Second People’s Hospital; Nanfang Hospital, Southern Medical University; Guangdong Provincial
Hospital of Chinese Medicine; The First Hospital of China Medical University; The Second Hospital of Nanjing, Affiliated to Nanjing
University of Chinese Medicine; West China Hospital, Sichuan University; The Affiliated Traditional Chinese Medicine Hospital of
Southwest Medical University; The First Affiliated Hospital of Xinjiang Medical University; General Hospital of Ningxia Medical
University; The First Affiliated Hospital of Wenzhou Medical University; Beijing Ditan Hospital, Capital Medical University; The First
Affiliated Hospital, Sun Yat-sen University. The study was approved by the ethics committee at each investigational center. All
participants provided written informed consent.

The inclusion criteria were followed as: (1) Age: 18-75, no limitation for ethnic and gender; (2) BMI <35 kg/m?; (3) Patients with
NASH based on liver biopsy obtained within 6 months before randomization. The histological evidence of NASH was defined as
NAS >4 (according to the criteria of the Nonalcoholic Steatohepatitis Clinical Research Network [NASH CRN]) at each center for local
reading with a minimum score of 1 for steatosis, lobular inflammation, and hepatocyte ballooning, respectively®’; (4) Fibrosis stage
0-3 according to NASH CRN?S; (5) Without a history of significant alcohol consumption for a period of more than 3 months within 5
years (<10 g/day for females and <20 g/day for males); (6) The laboratory test results should meet the requirements: ® ALT <5 times
of normal upper limit, @ Creatinine < normal upper limit; ® Albumin >3.5 g/L; ® International normalized ratio = 0.8-1.3; ® Fasting
plasma glucose <126 mg/dL (7 mmol/L) and/or 2h postprandial plasma glucose <200 mg/dL (11.1 mmol/L) and/or glycated hemo-
globin <6.5%; (7) If a participant with hypertension, he/she was required a stable antihypertensive drug(s) to keep a stable blood pres-
sure (blood pressure <140/90 mmHg) 3 months prior to randomization; (8) If a participant using a statin or fibrate, he/she was required
on a stable dose to keep lipid stable (triglyceride <1.7 mmol/L, total cholesterol <5.72 mmol/L, low-density lipoprotein< 3.64 mmol/L)
3 months prior to randomization; (9) Women of childbearing potential: negative pregnancy test during screening or at randomization
or willingness to use an effective form of birth control during the trial (at least include one barrier contraceptive method) and not breast
feeding; (10) Men must agree to use an effective form of birth control during the trial (at least include one barrier contraceptive
method); (11) All participants were needed to sign the informed consent form.

The exclusion criteria were followed as: (1) Evidence of other form of acute or chronic liver disease (virus hepatitis, hereditary he-
mochromatosis, hepatolenticular degeneration, alcoholic liver disease, drug-induced hepatopathy); (2) History of diabetic mellitus or
use of antidiabetic drugs; (3) Known heart failure of New York Heart Association class 2, 3, or 4; (4) Wear of cardiac pacemaker; (5)
Hypothyroidism (thyroid-stimulating hormone >2 times of upper normal limit); (6) History of disease affecting drug absorption, dis-
tribution, metabolism (inflammatory bowel disease, gastrointestinal surgery, chronic pancreatitis, gluten allergy, vagotomy); (7)
Use of drugs indicating potential anti-steatohepatitis and/or fibrosis effects within 3 months before randomization (metformin,
thiazolidinediones, dipeptidyl peptidase-4 inhibitor, glucagon-like peptide-1, sodium glucose contransporter 2 inhibitor,
S-adenosylmethionine-e, polyene phosphatidyl choline, glycyrrhizin, bicyclol, reduced glutathione, betaine, fish oil, silymarin, ober-
bic acid/ursodeoxycholic acid, phosphodiesterase-inhibitor, gemfibrozil, vitamin E, long term antibiotic (>1 week); (8) Positivity of
antibody to human immunodeficiency virus; (9) Inability to safely obtain liver biopsy; (10) Known intolerance to vitamin E; (11) Inability
tofill out diary card, to manage diet and exercise, poor compliance; (12) Dependence or abuse of alcohol and/or drugs; (13) Any other
condition which in the opinion of investigator would impede compliance or hinder completion of the study.
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Finally, a total of 124 participants were recruited in the FAS. The mean (SD) age in the vitamin E 300 mg and the placebo groups was
37.9 (11.7) years and 39.0 (11.6) years, respectively. The proportion of males was 72.4% in the vitamin E 300 mg group and 75.8% in
the placebo group.

METHOD DETAILS

Randomization and intervention

Participants were randomized in a 1:1 ratio to receive either vitamin E (natural RRR-a-tocopherol, produced by Zhejiang Medicine
Co., Ltd, lot No. of production 160920, 16091201, 19010101) 300 mg (100 mg three times per day) or the placebo with same
dose and frequency. The vitamin E capsule contained RRR-a-tocopherol, refined corn oil, gelatin, glycerin, and purified water,
with a caloric content of 2.1 kcal per capsule. The placebo only consisted of refined corn oil, gelatin, glycerin, and purified water,
with a caloric content of 3.1 kcal per capsule. The placebo and vitamin E treatments were identical in color, smell, appearance, pack-
aging, and weight, making them indistinguishable to both researchers and participants. The double-blind allocation was facilitated by
the interactive network response system (IWRS) using the dynamic randomization method.

Throughout the intervention, all participants received personalized lifestyle guidance guided by dieticians, which was detailed in
Supplemental Methods. Daily food intake and exercise were recorded by a mobile phone application (Figure S1), and interim contact
via telephone or WeChat was maintained monthly. Follow-up visits were conducted every 12 weeks. These contacts and visits were
designed to promote retention, encourage compliance with the trial regimen, and monitor for adverse events.

Liver biopsies

Liver biopsies were performed at baseline and after 96 weeks of treatment. While initial eligibility assessments and tissue prepara-
tions were conducted locally by pathologists at each site, the final analysis was based on centrally prepared specimens for both
baseline and post-treatment biopsies. Each biopsy was assessed by three independent hepatopathologists to determine NAS,
including steatosis, lobular inflammation, hepatocyte ballooning, and fibrosis stage. Biopsies were read unpaired, and the central
pathologists were blinded to treatment assignments as well as to any subject-specific clinical, laboratory, and imaging information.
For cases with discordant assessments, a consensus was reached centrally before unblinding.

Outcomes

The primary endpoint was improvement in hepatic histology after 96 weeks of treatment. The definition of histologic improvement
was based on the following criteria: either a reduction in NAS score of at least 2 points or a post-treatment NAS score of 3 points
or less; a minimum 1-point improvement in score for ballooning or inflammation; and no worsening of fibrosis stage. A decrease
in NAS score by at least 2 points was required for subjects with NAS of 2-4 points assessed by the central pathologists.

The exploratory secondary endpoint was an improvement in liver fibrosis by > 1 stage (NASH CRN fibrosis score) and no wors-
ening of steatohepatitis (defined as no increase in NAS for steatosis, inflammation, or ballooning). Other supportive secondary his-
tologic endpoints included resolution of steatohepatitis on overall histopathological reading and no worsening of liver fibrosis;
improvement in fibrosis by > 1 stage or steatohepatitis resolution without fibrosis worsening; changes in histologic features from
baseline to week 96 in total NAS; and changes of NAS components (steatosis, inflammation, or ballooning) and fibrosis score.
Non-invasive secondary endpoints included changes from baseline to week 96 in serum biochemical levels, lipids, metabolic factors,
cytokeratin 18 fragment M30/M65 (CK18 M30/M65), proinflammatory cytokines (TNF-a and IL-6), CAP, and LSM assessed by
FibroScan.

Safety endpoints were assessed at each visit. Adverse events were graded for severity using Common Terminology Criteria for
Adverse Events Version 4.0.

Laboratory testing
HP genotypes (HP 1-1, HP 2-1 and HP 2-2) have been reported to be associated with discrepant pharmacologic responses to vitamin
E in participants with MASH.?” Based on our previous study, the HP2 allele is more common than the HP1 allele in the Chinese pop-
ulation.?® Therefore, Hp genotyping polymorphism was determined for all participants as detailed in our previous study.?®

During follow-up visits, participants underwent physical examinations, vital sign measurements, FibroScan evaluations, and serum
biochemical markers, lipids, metabolic indicators, and cytokines assessments.'® Gas- and liquid-chromatography with mass spec-
trometry were performed to test vitamin E levels (Figure S4). Adverse events, observed by the investigator or reported by participants,
were recorded and evaluated for severity, duration, outcome, and possible relationship to the study treatment. BNP and PSA
(for male participants) were measured before and after treatment.

Recommendations for diet and exercise

Diet recommendations: (1) Advocate a varied and balanced diet with controlled total caloric intake. Avoid overly refined foods, and
incorporate both whole and refined grains as staple foods; (2) Carbohydrates should make up about 55% of total energy intake,
ideally from whole grains such as oats, buckwheat, brown rice, and millet. Avoid refined sugars, honey, fruit juice, jams, preserves,
and other sweets, and reduce consumption of sucrose-containing beverages; (3) Fat should comprise less than 25% of total caloric
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intake, with a focus on reducing saturated and trans fats. Vegetable oils, such as soybean oil, salad oil, and moderate amounts of tea
oil or olive oil, are recommended to support healthy fat metabolism. Avoid animal fats (except fish oil) and limit foods high in choles-
terol, such as animal organ meats, egg yolks, squid, sardines, bone marrow, and fish roe, keeping cholesterol intake below 300 mg
per day; (4) Protein intake should be approximately 1.5 g per kg of body weight, with an emphasis on high-quality protein sources.
Options include skim milk, egg whites, fish, lean meats, and soy products; (5) Increase dietary fiber to at least 24 g per day by
consuming plenty of fresh vegetables and fruits, which provide essential vitamins and minerals for normal body metabolism. Dietary
fiber can help reduce cholesterol formation, limit fat and sugar absorption, and thus aid in lowering blood lipids and plasma glucose
levels; (6) Avoid alcohol and limit spicy or strongly flavored foods. Opt for a light diet with daily salt intake below 5 g; (7) Use cooking
methods like steaming, boiling, braising, stewing, decocting, and simmering, while avoiding deep-frying or stir-frying.

Exercise recommendations: (1) Engage in moderate to low-intensity aerobic exercises, such as walking, cycling, or jogging, at
least four times per week, totaling a minimum of 150 min per week; (2) During the initial phase, start with slightly lower intensity
and shorter duration to avoid joint and muscle strain, then gradually increase over time. Each session should include a 5-10 min
warm-up and at least 5 min of cool-down activities; (3) If any discomfort arises during exercise, such as significant fluctuations in
blood glucose, marked fatigue, or difficulty in recovery, patients should reduce the exercise intensity or stop immediately; (4)
Stop exercise immediately if symptoms like shortness of breath, pale complexion, nausea, or vomiting occur. Take appropriate mea-
sures if necessary; (5) Follow the principles of gradual progression, long-term consistency, and safety.

QUANTIFICATION AND STATISTICAL ANALYSES

According to the PIVENS study,’ the sample size was calculated based on the assumption of an approximately 0.43 improvement
rate in the vitamin E group and 0.19 in the placebo group with an o level of two-sided type | error of 0.05 and a 3 level of 0.2. Factoring
in an estimated dropout rate of 10%, the sample size was finally calculated as 124 participants; a total of 124 participants were esti-
mated to enroll for primary endpoint evaluation, with a power value of 0.85.

Quantitative variables were expressed as mean + SD and compared via the Student’s t test, and a QQ plot was applied for the
normality test. Binary variables were presented as number (proportion). The analysis of the primary endpoint and exploratory sec-
ondary endpoints was performed in the mITT population. Binary outcomes were analyzed by a generalized linear model, generating
OR and 95% Cl as shown in Figure 2, Table S1 and S2. Chi-square test was applied for analyzing changes in each component of
histologic features in Table S3. Analysis of each component of NAS and fibrosis scores were performed with the WR method to es-
timate between-group differences in Figure 3.2° WR is a non-parametric approach that does not require any normality assumption for
continuous outcome variables. The WR was determined as the total number of winners (successful outcomes favoring the treatment)
divided by the total numbers of losers (successful outcomes favoring the control) among all pairwise comparisons between treatment
and placebo groups. An estimated WR greater than 1 indicates that a treatment effect is in favor of vitamin E, while a WR less than 1
means a treatment effect favoring placebo. A WR equal to 1 suggests no difference between the groups. The 95% CI for the WR was
obtained by asymptotic theory.*° Participants with missing histology data were classified as non-responders. For secondary contin-
uous endpoints, an analysis of covariance (ANCOVA) model was used shown in Figure 4, Table 2, and Table S4, with the absolute
change from baseline as the dependent variable, treatment group as a fixed factor, and baseline value as a covariate. Sensitivity anal-
ysis was performed based on histology assessment with local readings at baseline and central reading after 96-week treatment and
in participants with MASH F1~F3. All statistical analyses were performed with SAS 9.4, R version 4.2.3, and Prism 10.1.2.

ADDITIONAL RESOURCES

The study was registered at clinicaltrials.gov (NCT02962297).
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