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Zinc supplementation to improve prognosis in patients with
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randomized, double-blind, placebo-controlled clinical trial
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Abstract

Zinc homeostasis could play a role in compensated advanced chronic liver

disease, and its supplementation has been linked to improvement in liver

function, a decrease of hepatic complications, and reduction in HCC

incidence. Compensated advanced chronic liver disease encompasses a

heterogeneous group of patients with variable risks of clinically significant

portal hypertension and clinical events. The ANTICIPATE model is a

validated model for stratifying these risks. Our aim is to demonstrate that

zinc administration can reduce the rate and risk of presenting clinical

events (first decompensation, HCC, death, and liver transplantation). This

study protocol describes an ongoing phase III, national, multicenter,

randomized, double-blind clinical trial that will enroll 300 patients to receive

either the trial treatment (zinc acexamate) or placebo. An inclusion period

of 42 months is planned, with a minimum follow-up of 2 years. Our principal

hypothesis is that zinc could modify the natural history of patients with

compensated advanced chronic liver disease, with an overall improvement

in prognosis.
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INTRODUCTION

Existing research and trial rationale

Zinc is a crucial trace element for essential biological
functions mainly related to cell division, growth, and

development. Many of the proteins and enzymes that use
zinc as a cofactor are involved in beneficial antioxidant,
anti-inflammatory, and apoptotic effects. A significant
amount of evidence suggests that zinc homeostasis may
play a role in liver diseases. In patients with cirrhosis,
there is a high prevalence of zinc deficiency, probably

Abbreviations: ACLD, advanced chronic liver disease; ACZ, zinc acexamate; AEMPS, Agencia Española de Medicamentos y Productos Sanitarios; cACLD,
compensated advanced chronic liver disease; CSPH, clinically significant portal hypertension; EudraCT, European Union Drug Regulating Authorities Clinical Trials.
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owing to a multifactorial cause.[1–3] There is a direct
correlation between blood zinc levels and the worsening
of advanced chronic liver disease, with a good correlation
with the Child-Pugh score.[4,5] Furthermore, in patients
with HCC, intracellular zinc levels in tumor tissue are
consistently and markedly low.[6]

Several nonrandomized clinical studies have sug-
gested that oral zinc supplementation may have a
positive impact on the progression of advanced chronic
liver disease (ACLD) differently assessed by (1) raising
blood levels of zinc in patients with cirrhosis[7–10]; (2)
improving liver function, evaluated by the Child-Pugh
score[7,8,10,11]; (3) decreasing serum ammonia levels[7–9];
(4) decreasing the development of complications in
ACLD (ascites and encephalopathy)[8]; and (5) reducing
incidence of HCC.[10,12] Thus, zinc supplementation has
the potential impact to modify the natural history and
prognosis of patients with ACLD.

Compensated ACLD (cACLD) encompasses a het-
erogeneous group of patients at risk of developing
clinically significant portal hypertension (CSPH) with a
variable risk of clinical events. Of note, even when
selecting patients with a high risk of events (HVPG
> 10 mm Hg, presence of varices, or increased Child-
Pugh score), the estimated cumulative incidence of
clinical events after a 2–3-year follow-up period is
relatively low (20%–30%).[13,14] This incidence is even
lower in patients with metabolic dysfunction–associated
steatotic liver disease.[15] Nevertheless, developing a
first decompensating event has a marked survival
impact on these patients.[16] One of the main drawbacks
in designing a clinical trial with clinical events in this
compensated population is the need for large sample
sizes, which might be unrealistic to accrue.[17,18]

Recently, the ANTICIPATE model (which includes
liver stiffness by transient elastography (Fibroscan and
platelet count) has been developed to predict the risk of
having CSPH.[19] This model has now been externally
validated.[15,20] A nomogram based on this model is
shown in Figure 1.

The ANTICIPATE model allows the estimation of the
risk of CSP, which has a marked prognostic value for
clinical events in patients with cACLD.[21] Furthermore,
liver stiffness measured using transient elastography is
independently associated with clinical events in these
patients.[13]

Endpoints based on ordinal scales have been
proposed to capture more granularity in describing the
clinical outcomes of patients in randomized trials while
making them more efficient by substantially reducing
the required sample size. This approach has been
routinely used, for example, in stroke randomized trials
(using the Rankin scale)[22] and COVID trials (using the
WHO scale of severity).[23] We postulated that in trials of
patients with compensated cirrhosis, we could add
efficiency in detecting the effect of an intervention

based on the distribution of patients according to an
ordinal scale.[17] This scale would have the highest
severity level defined by the development of clinical
events but would also add granularity by ranking the
patients not developing clinical events according to their
risk of CSPH and clinical events (based on the
ANTICIPATE model).

Therefore, we decided to conduct a clinical trial to
investigate the efficacy of oral administration of zinc in
the form of zinc acexamate (ACZ) (a soluble, well-
tolerated salt) to improve prognosis in patients with
cACLD. As this randomized trial will test an approved
therapy (already on the market), the lack of constraints
of a defined path for regulatory approval allowed us to
use an innovative design based on the use of 2 co-
primary endpoints. One would be the classic endpoint
used in compensated cirrhosis trials, which is the “time
to clinical events” (decompensation, HCC, transplanta-
tion, and liver death). The innovative contribution is the
use of a co-primary endpoint (in which we based the
sample size calculation) based on the distribution of
patients on a 6-point ordinal scale of severity at the 2-
year mark, which could potentially detect a similar given
effect size with a much smaller sample size. This design
will also allow us to test (if the trial shows benefit) if the
effect size observed on the ordinal outcome is
predictive of the effect size estimated from the
traditional time to clinical events endpoint.

Study objectives

Main objective

The main objective of this clinical trial is to evaluate
whether the oral administration of ACZ at a dose of
600 mg/d (equivalent to 100 mg/d of zinc element) to
patients with cACLD improves prognosis by reducing
the number of expected clinical events and the
estimated risk of developing these events (evaluated
with the ANTICIPATE model) during the study.

Secondary objective

As secondary objectives, we aim to evaluate whether the
administration of ACZ (1) decreases the risk of having the
first decompensation; (2) decreases the risk of CSPH
estimated by the ANTICIPATE model; (3) reduces the
risk of HCC; (4) reduces the risk of bacterial infections;
(5) improves overall transplant-free survival and the risk
of liver-related death; and (6) improves liver function as
measured by Child-Pugh and MELD scores. In addition,
we aim to evaluate the possible association between
blood zinc levels and the study outcomes, as well as the
possible adverse effects of treatment (Table 1).
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METHODS

Study design and setting

This is a phase III, randomized, double-blind clinical trial
with 2 parallel groups, controlled with a placebo. This is
a low-level intervention clinical trial since the exper-
imental drug is an authorized medication. This is a
multicenter national study with 15 Spanish centers
recruiting patients.

Participants recruitment and eligibility
criteria

Eligible participants may be identified and recruited at all
sites over the course of the study period, both from
general cirrhosis outpatient clinics and frommonographic
consultations for the different causes of chronic liver
disease, such as metabolic dysfunction–associated
steatotic liver disease and alcohol-associated liver
disease. Detailed inclusion and exclusion criteria are
presented in Figure 2.

Study population and total number
of patients

The study will be conducted on a total of 300 patients
who will be randomly distributed into 2 arms.

The sample size was calculated based on the predicted
distribution of patients on an ordinal scale with 6 levels
(Table 2). This ordinal scale captures both the
development of clinical events (level 6) and the risk of
presenting them based on the ANTICIPATEmodel (levels
1–5 as defined in Table 2). Considering the sum of
expected clinical events at 24 months of follow-up
according to the PREDESCI study[14] and other studies
on the natural history of liver cirrhosis[24–27] with the added
effect of decompensation, HCC, and death, a total of 20%
of clinical events are expected at 2 years of follow-up (16%
decompensations, 2% HCCs, and 2% deaths). To
estimate the distribution of liver-related events according
to the ordinal scale (for those not developing a clinical
event), we used data from Pons et al.[15]

The hypothesized effect of ACZ will be an OR of 0.55,
which would result in a reduction in clinical events from
20% to 12% in the treated group and a shift in the
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F IGURE 1 Nomogram for calculating the risk of CSPH using liver stiffness and platelet count, estimated by the ANTICIPATE model.

TABLE 1 Summary of the main and secondary objectives of
the study

Main objective:

• Evaluate whether the oral administration of zinc in patients with
cACLD improves prognosis, reducing the number of clinical
events and the estimated risk of developing these events.

Secondary objectives:

• Evaluate if the administration of zinc decreases the risk of having
the first decompensation.

• Evaluate if the administration of zinc decreases the risk of CSPH
estimated by the ANTICIPATE model.

• Evaluate if the administration of zinc reduces the risk of HCC.
• Evaluate if the administration of zinc reduces the risk of bacterial

infections.
• Evaluate if the administration of zinc improves overall transplant-

free survival and the risk of liver-related death.
• Evaluate if the administration of zinc improves liver function as

measured by Child-Pugh and MELD score.
• Evaluate the possible association between blood zinc levels and

the study outcomes.
• Evaluate possible adverse effects of treatment.

Abbreviations: cACLD, compensated advanced chronic liver disease; CSPH,
clinically significant portal hypertension.
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Recruitment
All identified cACLD in the study sites

Eligibility criteria

Inclusion criteria:
1. cACLD diagnosed by liver stiffness >15 kPa
2. Age between 18 and 80 years
3. Pregnancy ruled out and effective contraceptive method
4. Signed informed consent.

Clinical trial

NSBB stratification

double-blind
randomization

Data analysis

Exclusion criteria:
1. History or current HCC
2. Systemic disease, poor short-term prognosis
3. Pregnancy or refusal to use contraceptive method
4. HBV cACLD with antiviral treatment
5. HCV cACLD cured patients

Criteria for withdrawal:
• Reaching any clinical event of the primary outcome
• Patients decision
• Patients included incorrectly
• Pregnancy
• Adverse event, adverse reaction or any other safety reason, at the discretion of the researcher
• Unability to comply with restrictions on the use of medications or other prohibited substances

300 cACLD patients

• Baseline endoscopy will be performed according to
  Baveno VII criteria.
• Patients with high probability of CSPH (HVPG >10mm
  Hg, collateral circulation in imaging, LSM >25 kPa) may
  be treated with NSBB and may be included in the study.
• Patients with varices at baseline should be treated with
  NSBB an may be included in the study.

Treatment
group

Control
group

F IGURE 2 Workflow of the trial including inclusion/exclusion criteria and treatmemt arms.

TABLE 2 Ordinal scale to assess the efficacy of the intervention

1 2 3 4 5 6

Ordinal scale
ANTICIPATE

< 0.30
ANTICIPATE
0.30–0.45

ANTICIPATE
0.45–0.60

ANTICIPATE
0.60–0.85

ANTICIPATE
> 0.85

Clinical
event

Placebo (%) 2 8 10 21 39 20

Treatment (%) 4 13 14 25 32 12

Note: This table also includes the expected distribution of patients on the ordinal scale in the placebo group at the 2-y mark, and the expected distribution of patients
under a treatment with an effect size of an OR of 0.55.
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distribution of the CSPH risk category, as shown in
Table 2. This effect was a conservative estimation of a
more than 60% reduction of clinical events in patients with
cirrhosis treated with zinc for 3 years, as observed by
Hosui et al.[10] Under these assumptions, 143 patients
would be required per arm (with an α error of 0.05) to
achieve a 0.80 power. Considering a 5% loss during
follow-up, a total sample size of 300 patients will be
included.

Randomization

Patients will be randomly assigned to the experimental or
placebo groups. This randomization will be stratified
according to the use of nonselective beta-blockers when
entering the study. This process will be performed on a
1:1 ratio using a centralized network-based system with
double-blind allocation through computer-generated
electronic code (Figure 2).

Trial treatment and control

The experimental group will receive ACZ at a daily dose
of 600 mg, equivalent to 100 mg of elemental zinc (1 hard
gelatin capsule of 300 mg of ACZ twice a day). Treatment
will be stopped when the patient presents with any of the
events that define the main endpoint of the study.

ACZ is a soluble, well-tolerated salt that is commer-
cialized and approved in Spain for the treatment of
gastroduodenal ulcers. The dose chosen for the trial
was based on the published clinical studies performed
in patients with cirrhosis,[7–12] in which 33–150 mg per
day of zinc element in different compositions were
administered once or 3 times per day.

The control groupwill receive hard gelatin capsules orally
twice a day, identical to those of ACZ, in color, weight, and
nature, but containing an inert preparation (isomaltose).

Compliance assessment (adherence to
treatment)

To assess compliance, themedication countmethodwill be
used at each of the control visits, recording the number of
capsules consumed and the expected number of capsules
consumed, thereby obtaining a ratio or compliance
percentage (current number of capsules consumed/
expected number × 100). Adherence will be considered
good when at least 70% of capsules are consumed.

Adverse events and reactions

All adverse events will be recorded, regardless of their
possible association with the study treatment. Degrees of

a causal relationship between adverse events and study
medication will be established (from no relationship to
very likely related). A specific record will be included in
the clinical report form to register all the possible adverse
events and the imputability criteria at every scheduled
visit. Suspected serious and unexpected adverse
reactions will be reported to the Spanish Agency of
Drugs and Sanitary Products (AEMPS). The AEMPS
qualified the study of a low level of intervention and a
Data Safety Monitoring Board was not needed. Copper
deficiency might be caused by zinc treatment; the risk in
patients seems to be very low.[7,11] Copper levels will be
assessed several times during follow-up.

Criteria for withdrawal of study subjects

Every patient may suspend participation in the study at
any time without needing additional explanation and
without prejudice to optimal subsequent treatment.
Other criteria for withdrawal of the study are detailed
in Figure 2.

OUTCOMES MEASURES AND STUDY
PROCEDURES

Primary endpoint

The primary endpoint will be assessed at the 2-year
mark as the distribution of patients on the 6-value
ordinal scale shown in Table 2. The most severe
category (level 6) will be the development of clinical
events. These clinical events are defined as follows:

(1) First decompensation:

(a) Ascites, are defined by clinical signs within the
physical examination and confirmation by ultra-
sound or paracentesis. The sole presence of
malleolar edema or the detection of i.p. fluid only
by imaging techniques (subclinical ascites) will
not be considered an event.

(b) Gastrointestinal bleeding due to portal hyper-
tension, defined as any episode of hematemesis
or melena (or both) and endoscopic criteria
according to Baveno consensus.

(c) Overt HE, according to the West Haven criteria
(equal or greater than grade II).

(2) HCC.
(3) Liver-related death (non–liver-related deaths will be

considered as non-events).
(4) Liver transplantation.

Patients free of a liver-related event at 2 years will be
classified according to the risk of CSPH and clinical

ZINC TO IMPROVE PROGNOSIS IN ADVANCED LIVER PATIENTS | 5



events estimated by the ANTICIPATE model value
(Figure 1), distributing the patients on an ordinal scale
with ascending hierarchy of CSPH risk (Table 2): level
1, < 0.30 risk; level 2, 0.30–0.45 risk; level 3, 0.45–0.60
risk; level 4, 0.60–0.85 risk; and level 5, >0.85 risk.

Since patients will be followed up for clinical events
until the study termination, there will be a co-primary
outcome defined as the time to occurrence of the
composite endpoint of clinical events. Superiority in any
of the co-primary outcomes will define the success of
the study intervention.

Secondary outcomes

The secondary outcomes will consist of the evolutionary
development of each of the secondary objectives
(Table 1).

Expected duration of inclusion period and
treatment

An inclusion period of 42 months is planned, with a
minimum of 24 months of follow-up for the last patient
included. Therefore, the minimum follow-up would be
24 months, with a maximum of 66 months. Patients will
receive their assigned treatment for the entire duration of the
study. The expectedmedian follow-up would be 45months.
The first patient was included in June 2022, and the
predicted recruitment of the last patient will be in December
2025, with the last follow-up at the end of 2027. As of June
2024, 136 patients had already been randomized.

Schedule of assessments

The schedule of assessment is detailed in Table 3.

DATA ANALYSIS PLAN

Statistical considerations

A final detailed statistical analysis plan will be finalized
before the lock of the database. All data will be collected
in an electronic format (clinical report form) in an
anonymized form. We will consider a type I error of
5%. For each variable, a descriptive analysis will be
carried out, expressing the qualitative variables as the
absolute number of cases and percentage of each of
the categories in each group and overall. For the
quantitative variables, means (standard deviations),
medians (interquartile range), minimum, and maximum
will be calculated.

Primary outcome measures

Both co-primary endpoints will be analyzed simulta-
neously at the end of the trial without adjustment for
multiplicity. The superiority of the intervention will be
declared with a p value <0.05 in any of the 2 co-
primary outcomes.

The primary inferential analysis for the primary
outcome based on the distribution of patients on the
ordinal scale at 2 years will be conducted using a
proportional odds model, in which the effect of the ACZ
will be adjusted by the randomization strata (treatment
with nonselective beta-blockers) and baseline ANTICI-
PATE model value. A single OR with a 95% CI will be
used as a summary of treatment efficacy.

A sensitivity analysis of the main variable will be
carried out, in which the proportional odds assumption
will be relaxed, using a Bayesian constrained partial
proportional odds model as described in https://www.
fharrell.com/post/yborrow/. This analysis will assess a
special OR for the treatment effect on the highest
level of the ordinal scale (level 6). In addition, it will
assess the departure from the proportional odds
assumption (represented by the log of the ratio of
the OR for clinical events to the OR for the general
effect of treatment), using a skeptical prior (0.9
chance that is in the interval 0.5–2). This analysis
assesses how likely it is for the effect of the treatment
on clinical events (level 6) to be different from the
effect on the levels defined by the ANTICIPATE-
CSPH (levels 1–5). We will provide the probability of
an overall effect, a treatment effect on clinical events,
and the probability that the differential treatment effect
on clinical events versus overall is by more than a
factor of 1.2.

For the co-primary outcome (time to a clinical event
across all follow-ups), we will use a Cox proportional
hazards model (stratified by baseline beta-blocker
treatment).

Secondary outcomes measures

The analysis of secondary outcomes will be based on
a time-to-event analysis, using Kaplan-Meier curves
for description, and analyzing treatment effects using
the Cox proportional hazards model. In addition, a
complementary analysis of competitive risks will be
carried out using the Fine and Gray method. Specif-
ically, we will assess (a) the effect of treatment in
preventing mortality from liver causes and transplan-
tation, considering nonhepatic mortality as a compet-
ing risk, and (b) the effect on decompensation/
transplant or death, considering the development of
HCC as a competing risk.
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TABLE 3 Schedule of assessments

Minimal duration of treatment Extended follow-up till the end of the study

Baseline 3 mo 6 mo 9 mo 12 mo 15 mo 18 mo 21 mo 24 mo

30 mo
42 mo
54 mo

36 mo
48 mo
60 mo

End of follow-up
(66 mo)

Confirm eligibility ✓

Information /informed
consent

✓

Randomization ✓

Medical history ✓

Physical examination ✓

Signs and symptoms ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Standard care blood test ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Blood Zn, Cu, and Fe levels ✓ ✓ ✓ ✓ ✓

Child-Pugh/MELD ✓ ✓ ✓ ✓ ✓

Liver ultrasounda ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Endoscopyb ✓ ✓

Liver stiffness with
Fibroscan

✓ ✓ ✓ ✓ ✓

Control of alcohol
consumption

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Control of contraceptive
measuresc

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Dispense trial medication ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Adverse event evaluation ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Adherence ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Note: In case of event development, nonprogrammed visits will be conducted. If there is an abandonment during the study, there will be an intent to arrange an end of a follow-up visit with a blood test and liver stiffness
measurement.
aIncluding ultrasound performed in a 3-month period before the visit.
bEndoscopy will be performed according to Baveno VII consensus recommendations.
cOnly women of childbearing age.
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Planned analysis of abandonments,
missing data, and sensitivity analysis

In principle, no imputation of missing data will be
performed. As this is a survival analysis, the manage-
ment of lost patients is controlled in the analysis as long
as the censoring is not informative. The main reasons
for censoring will be losses to follow-up.

Patients who abandon treatment voluntarily, present
serious deviations from the protocol, lack of compliance
(adverse effects, change of residence, and loss of
interest), and those lost to follow-up will be analyzed by
intention to treat. In the event of patient withdrawal due
to the appearance of adverse reactions or events, an
assessment of imputability will be carried out, and
follow-up will be attempted.

An analysis of missing cases will be performed
depending on the treatment. Missing data > 10% in the
relevant variables will not be allowed, in which case the
results will be considered invalid. All analyses will be
performed on an intention-to-treat basis. A sensitivity
analysis will be performed in the final analysis. First, the
results will be compared by assigning the worst and the
best results to all the lost cases. Second, the best result
will be assigned to the untreated and the worst to the
treated group to compare the differences in the effects
of the treatment.

ETHICS, CLINICAL TRIAL
REGISTRATION, AND
DISSEMINATION

Ethical consideration

The trial will be conducted in accordance with the
ethical requirements expressed in the Declaration of
Helsinki (Edinburgh revision, Scotland, October 2000),
the current Spanish regulations on Clinical Research,
and the European Union (EU) Good Clinical Practice
standards and the ethical approval of the Ethics
Committee of the participants’ centers.

Candidate patients will be proposed to voluntarily
participate in the trial after being informed (both orally
and with an informative sheet) about the trial proce-
dures, possible adverse events, detailed information on
scheduled assessments, and the possibility of with-
drawing at any time during the study. Written consent
will be provided in writing to all subjects, and signing will
be held after they have read and understood the trial
information.

The data will be codified and strictly confidential (the
anonymity of the subjects participating in the trial will
always be maintained). The promoter and the center will
comply with the data protection regulations of Spain and
the EU regarding data protection.

Clinical trial versions and registration

The first version of the protocol was approved by the
AEMPS on August 28, 2021, and registered in the EU
Clinical Trials Register (EudraCT Number: 2021-
000680-74). This version included clinical events during
follow-up as the only primary endpoint. Version 2.0 was
approved by the AEMPS on April 25, 2022. In this first
amendment, the primary endpoint was switched to the
ordinal 1–6 scale, as described in the Methods section.
The second amendment (current version 3.0) was
approved by the AEMPS on April 14, 2024, and
registered in ClinicalTrials-gov (NCT06434753). This
amendment included the co-primary endpoints (the
ordinal scale at 2 y, and the time to event during the
full follow-up).
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