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/Abstract \

Background: Metabolic dysfunction-associated steatotic liver disease (MASLD) is the most prevalent chronic liver disease
worldwide, yet the pharmacological armamentarium remains narrow and only one agent is approved for steatohepatitis
with fibrosis. Tesamorelin, a growth hormone-releasing hormone (GHRH) analogue that restores endogenous pulsatile
growth hormone secretion, reduces visceral and hepatic fat and is the only agent shown to attenuate histological fibrosis
progression in a dedicated, biopsy-controlled MASLD trial. Its comparative standing against the contemporary MASLD
pipeline has never been formally quantified.
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Objectives: To evaluate the efficacy and safety of tesamorelin for hepatic steatosis in adults with MASLD, and to
position tesamorelin against the published pharmacological alternatives through a placebo-anchored network meta-
analysis (NMA) of liver-fat content with SUCRA ranking and GRADE certainty rating.

Methods: MEDLINE/PubMed, Embase, Web of Science, Scopus, CENTRAL, LILACS, ClinicalTrials.gov and the WHO ICTRP
were searched from inception to August 2026. Randomised trials in adults reporting a quantitative liver-fat outcome
measured by MRI proton-density fat fraction (MRI-PDFF) or proton magnetic resonance spectroscopy (*H-MRS) were
eligible. The primary effect measure was the ratio of means (RoM) of liver-fat content at follow-up, treatment versus
comparator (RoM < 1 favours the treatment), chosen because it is invariant to differences in baseline steatosis severity
across trial populations. A contrast-based random-effects NMA anchored on placebo was fitted by generalised least
squares; treatments were ranked by SUCRA and probability-best from 200,000 Monte-Carlo draws of the multivariate
normal distribution of the basic parameters. Risk of bias used Cochrane RoB 2; certainty of evidence used GRADE for
NMA. Tesamorelin-specific efficacy, histological and safety outcomes were synthesised pairwise.

Results: Six randomised trials (423 participants; seven nodes) contributed to the placebo-anchored network. Every
active agent reduced liver-fat content relative to placebo. Semaglutide 0.4 mg once daily ranked first (RoM 0.47, 95%
Cl 0.36-0.61; —53.0% relative reduction; SUCRA 91.7%; probability-best 59.9%), followed by pioglitazone 45 mg (RoM
0.50, 0.40-0.62; SUCRA 85.9%). Tesamorelin 2 mg ranked third of six active agents (RoM 0.65, 95% CI1 0.42-1.01; -35.2%;
SUCRA 52.0%), ahead of aldafermin 1 mg (RoM 0.66; SUCRA 49.3%), resmetirom 80 mg (RoM 0.69; SUCRA 44.0%) and
saroglitazar 4 mg (RoM 0.77; SUCRA 26.6%). None of the pairwise contrasts between tesamorelin and any other active
agent reached statistical significance. In the tesamorelin pairwise synthesis, hepatic fat fell by 4.28 percentage points
versus placebo (95% Cl -6.31 to -2.24; 12 = 0%); 35% versus 4% of participants achieved resolution of steatosis (hepatic
fat fraction < 5%, P = 0.007); and fibrosis progression over 12 months occurred in 10.5% versus 37.5% (P = 0.04). Fasting
glucose was unaffected (MD 0.10 mmol/L, 95% ClI -0.51 to 0.72) and serious adverse events were not increased (RR
1.27, 95% Cl 0.73-2.22), whereas arthralgia (RR 1.92), myalgia (RR 3.04), paraesthesia (RR 2.52) and injection-site
erythema (RR 2.74) were more frequent. Certainty was moderate for tesamorelin versus placebo on steatosis and low
to very low for all indirect between-drug comparisons.

Conclusions: Tesamorelin produces a clinically meaningful, glycaemically neutral reduction in hepatic fat that places it
in the middle of the current MASLD landscape — below semaglutide and pioglitazone, and statistically indistinguishable
from aldafermin, resmetirom and saroglitazar. Its distinguishing feature is not the magnitude of steatosis reduction
but the demonstrated attenuation of biopsy-confirmed fibrosis progression together with concomitant visceral-fat
reduction and glycaemic neutrality. All between-drug comparisons rest on indirect evidence from a star-shaped
network of single trials and are hypothesis-generating; head-to-head trials in non-HIV MASLD populations are required.
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Tesamorelin; Growth hormone-releasing hormone analogue; Metabolic dysfunction-associated steatotic liver disease;

MASLD; MASH; NAFLD; Hepatic steatosis; Magnetic resonance proton-density fat fraction; Network meta-analysis;
SUCRA; GRADE.

Introduction

Can a growth hormone-releasing hormone analogue treat fatty liver, and how does it compare with the
drugs now being developed for the same disease? Fatty liver disease — now termed metabolic
dysfunction-associated steatotic liver disease (MASLD) — is the accumulation of fat inside liver cells in
people with cardiometabolic risk factors. In a substantial minority the fat is accompanied by inflammation
and cell injury (steatohepatitis, MASH), which can scar the liver and progress to cirrhosis and liver cancer.
Tesamorelin is an injectable peptide that restores the body's own pulsed release of growth hormone. It is
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licensed to reduce excess abdominal fat in people living with HIV, and in a dedicated randomised trial with
liver biopsies before and after treatment it reduced liver fat and, uniquely among tested agents in that
population, slowed the scarring process.

What we did and what we found. We assembled the randomised evidence on tesamorelin for fatty liver,
pooled it, and then placed it inside a network of the other drugs that have been tested against placebo
with the same quantitative imaging endpoint. Expressed as the proportion of liver fat remaining after
treatment relative to placebo, tesamorelin removed about a third of liver fat (a 35% relative reduction).
Semaglutide and pioglitazone removed about half and ranked highest; aldafermin, resmetirom and
saroglitazar were statistically indistinguishable from tesamorelin. Tesamorelin did not worsen blood
glucose — a meaningful advantage over growth hormone itself and over some other options — but caused
more joint pain, muscle pain, tingling and injection-site redness. Because almost no trial has compared
two of these drugs directly, the rankings are indirect and should be read as a map of the landscape rather
than a prescribing hierarchy.

Background

MASLD affects approximately 30% of the adult population worldwide and its prevalence tracks the
epidemics of obesity and type 2 diabetes. The disease spectrum runs from isolated steatosis through
metabolic dysfunction-associated steatohepatitis (MASH) with hepatocellular ballooning and lobular
inflammation, to progressive fibrosis, cirrhosis and hepatocellular carcinoma. Fibrosis stage, not steatosis
grade, is the dominant determinant of liver-related and all-cause mortality, and regulatory guidance for
late-phase MASH programmes accordingly requires histological improvement in fibrosis, inflammation, or
both. Nevertheless, quantitative hepatic fat measured by MRI proton-density fat fraction (MRI-PDFF) has
become the standard phase 2 endpoint because it is non-invasive, reproducible, samples the whole organ
rather than a needle core, and because both the absolute decline and a relative decline of at least 30%
predict subsequent histological response and MASH resolution.

The therapeutic landscape has changed rapidly. Thyroid hormone receptor-f agonism (resmetirom),
incretin-based therapy (semaglutide, tirzepatide, survodutide), fibroblast growth factor 21 and 19
analogues (pegozafermin, efruxifermin, aldafermin), pan-PPAR and dual PPAR agonism (lanifibranor,
saroglitazar), insulin sensitisation (pioglitazone) and sodium-glucose co-transporter-2 inhibition all reduce
hepatic fat, but they differ profoundly in mechanism, route, tolerability, effect on body composition,
glycaemic consequences and cost. Head-to-head randomised comparisons are almost entirely absent, so
the relative standing of any individual agent must be inferred indirectly.

Tesamorelin occupies an unusual position in this landscape. It is a stabilised analogue of human GHRH (1-
44) that acts on the pituitary to restore physiological, pulsatile growth hormone secretion rather than
delivering exogenous growth hormone. This mechanism preserves negative feedback and is the
pharmacological explanation for its glycaemic neutrality, in sharp contrast to recombinant human growth
hormone, whose diabetogenic effect limits its metabolic use. Tesamorelin selectively depletes visceral
adipose tissue while largely sparing subcutaneous depots, lowers triglycerides, raises lean body mass and
raises IGF-1. Because visceral adiposity and portal free-fatty-acid flux are proximate drivers of hepatic
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triglyceride accumulation, reduction of visceral fat provides a mechanistically coherent route to reduction
of hepatic fat, and this hypothesis was confirmed in two randomised, placebo-controlled imaging trials.

Most decisively, in a 12-month randomised, double-blind, multicentre trial with paired liver biopsies,
tesamorelin reduced hepatic fat fraction, achieved resolution of steatosis in one third of recipients, and
reduced the proportion of participants with any histological progression of fibrosis from 37.5% to 10.5%.
Hepatic transcriptomic profiling in the same programme demonstrated downregulation of pathways
governing tissue repair, cell division and inflammation, providing biological plausibility for the antifibrotic
signal. Two features nevertheless constrain interpretation: the randomised hepatic evidence was
generated in people living with HIV, and no trial has compared tesamorelin with any active MASLD
therapy. A quantitative synthesis that positions tesamorelin within the wider evidence network is
therefore both timely and necessary.

Objectives
Primary objective: To determine the efficacy of tesamorelin, relative to placebo, on quantitative hepatic

fat content in adults with MASLD, and to estimate its comparative efficacy against all other
pharmacological interventions evaluated against placebo with a quantitative liver-fat endpoint, using a
placebo-anchored network meta-analysis.

Secondary objectives: (i) to rank interventions by SUCRA and probability-best; (ii) to synthesise the
histological effects of tesamorelin (steatosis resolution, NAFLD activity score, lobular inflammation,
hepatocellular ballooning and fibrosis progression); (iii) to characterise the safety profile of tesamorelin
with particular attention to glycaemic outcomes, musculoskeletal and injection-site events, and serious
adverse events; and (iv) to rate the certainty of every network estimate using GRADE for network meta-
analysis.

Methods

The review was conducted in accordance with the Cochrane Handbook for Systematic Reviews of
Interventions (version 6.5) and reported in accordance with the PRISMA 2020 statement and, for the
network component, the PRISMA extension for network meta-analyses (PRISMA-NMA). The protocol,
including the PICOS framework, outcome hierarchy, effect measures and the full analysis plan, was
specified a priori.

Eligibility criteria (PICOS)
Element Criterion

Adults (> 18 years) with hepatic steatosis defined by imaging (MRI-PDFF or 'H-MRS hepatic
fat > 5%) or by liver biopsy, with or without steatohepatitis and with fibrosis stages FO-F3.
Populations with a coexisting cardiometabolic driver (obesity, type 2 diabetes,
prediabetes, dyslipidaemia) or with well-controlled HIV infection were eligible. Cirrhosis
(F4), significant alcohol intake, viral hepatitis B, active hepatitis C and other defined

causes of liver disease were exclusions.

Population

Any systemically administered pharmacological agent evaluated for hepatic steatosis,
including but not limited to GHRH analogues (tesamorelin), incretin-based therapies,

thyroid hormone receptor-f agonists, FGF19/FGF21 analogues, PPAR agonists, insulin
sensitisers, SGLT2 inhibitors, FXR agonists and ACC inhibitors.

Intervention
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Element Criterion

Placebo (primary anchor); an alternative active pharmacological agent; or an active

Comparators .
glucose-lowering control (analysed as a separate network component).

Primary: quantitative liver-fat content at the trial's principal imaging timepoint, measured
by MRI-PDFF or 'H-MRS. Secondary: resolution of steatosis; > 30% relative decline in liver
fat; NAFLD activity score and its components; fibrosis stage change and fibrosis

Outcomes progression; alanine aminotransferase; fasting glucose and HbAlc; visceral adipose tissue;
lean body mass; triglycerides. Safety: serious adverse events, discontinuation for adverse
events, arthralgia, myalgia, paraesthesia, injection-site reactions, hyperglycaemia,
infections.

Randomised controlled trials with a minimum treatment duration of 12 weeks. Non-
randomised, single-arm and paediatric studies, and trials of lifestyle or surgical
interventions alone, were excluded from the quantitative synthesis and used, where
relevant, for narrative context only.

Study design

Table 1: Eligibility criteria (PICOS). MRI-PDFF = magnetic resonance imaging proton-density fat fraction; 'H-MRS =
proton magnetic resonance spectroscopy.

Information sources and search strategy
MEDLINE (via PubMed), Embase, Web of Science Core Collection, Scopus, the Cochrane Central Register

of Controlled Trials (CENTRAL) and LILACS were searched from inception to August 2026 without language
restriction. ClinicalTrials.gov and the WHO International Clinical Trials Registry Platform were searched for
completed but unpublished trials, and the reference lists of all included reports, of previous pairwise
syntheses of tesamorelin, and of the most complete published network meta-analysis of liver-fat-lowering
therapies were hand-searched. The search combined controlled vocabulary with free-text terms for the
condition (“non-alcoholic fatty liver disease”, “NAFLD”, “NASH”, “MASLD”, “MASH”, “hepatic steatosis”,
“liver fat”), for the index intervention (“tesamorelin”, “TH9507”, “Egrifta”, “growth hormone-releasing
factor”, “GHRH analogue”), for comparator drug classes, and for the measurement modality (“proton
density fat fraction”, “PDFF”, “magnetic resonance spectroscopy”). The complete MEDLINE strategy is
reproduced in Appendix A and was adapted syntactically for each remaining database.

Study selection, data extraction and risk of bias
Records were de-duplicated in a reference manager and screened in duplicate by two reviewers, first on

title and abstract and then on full text, with disagreements resolved by a third reviewer. For each eligible
trial we extracted the trial identifier and registration number, design, country and setting, sample size per
arm, inclusion thresholds for steatosis, mean age, sex, body-mass index, diabetes status, fibrosis stage
distribution, intervention and comparator with dose and route, treatment duration, imaging modality and
field strength, baseline liver-fat content, the change in each arm, and the between-group treatment effect
with its 95% confidence interval, together with all secondary and safety outcomes. Where several
publications reported the same trial, the report with the most complete data for each endpoint was used
and cross-referenced by registration number to prevent double counting.

Risk of bias was assessed independently in duplicate with the Cochrane RoB 2 tool across the five domains
of the randomisation process, deviations from intended interventions, missing outcome data,
measurement of the outcome and selection of the reported result, with an overall judgement of low risk,
some concerns or high risk.
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Effect measure: the ratio of means and its justification
Trials of liver-fat-lowering therapy differ markedly in the baseline severity of steatosis they enrol, because

eligibility thresholds range from > 5% to > 10% hepatic fat and because the underlying populations differ
in adiposity and diabetes prevalence. An absolute mean difference in percentage points is therefore not
exchangeable across trials: the same pharmacological effect produces a larger absolute change in a
population starting at 20% hepatic fat than in one starting at 10%. We consequently pre-specified the
ratio of means (RoM) of liver-fat content at follow-up as the primary effect measure:

RoM = (BT + AT) / (BC + AC)

Where B is the baseline mean liver-fat content and A the mean change in the treatment (T) and
comparator (C) arms. Analysis was performed on the natural-logarithm scale, and RoM < 1 indicates a
greater reduction in liver fat with the treatment. The ratio of means is scale-free, is appropriate for a
strictly positive outcome with a right-skewed distribution, is directly interpretable as a percentage relative
reduction — the metric already used to define response in the MASH literature — and can be
reconstructed from the several ways in which trials report their results. Where a trial reported an
estimated treatment ratio directly, that value was used unchanged. Where a trial reported the relative
(percentage) change in each arm, the RoM was computed from those percentages. Where a trial reported
absolute changes together with the baseline mean, the formula above was applied. Standard errors on
the log scale were obtained by the delta method from the reported 95% confidence interval of the
between-group treatment effect. Every derivation, together with its source, is documented transparently
in Appendix B, and the sensitivity of the result to the single assumption required (the baseline liver fat
used for one trial) was examined formally.

The absolute mean difference in percentage points was retained as a secondary effect measure for the
tesamorelin pairwise synthesis, where the populations are homogeneous and absolute change is the
clinically familiar quantity. Dichotomous outcomes were expressed as risk ratios.

Pairwise synthesis
Tesamorelin-specific outcomes were pooled with the DerSimonian-Laird random-effects model.

Heterogeneity was quantified with 12, Cochran's Q and 12, and 95% prediction intervals were computed
wherever three or more trials contributed, so that the plausible range of effects in a future setting could
be distinguished from the precision of the average effect.

Network meta-analysis
A contrast-based random-effects network meta-analysis anchored on placebo was fitted using the

generalized least-squares formulation of the graph-theoretical model, which for two-arm contrast data is
algebraically identical to the standard frequentist implementation. Writing 6 for the vector of observed
log-RoM contrasts, X for the design matrix mapping contrasts onto basic parameters and W for the
inverse-variance weight matrix incorporating a common between-study variance 12, the basic parameters
were estimated as B = (XT'WX)'X'™W8, with t? obtained by the generalised method-of-moments
(DerSimonian-Laird) estimator for networks. All pairwise contrasts between active agents and their
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variances were then derived from B and its covariance matrix by the appropriate linear contrast,
producing the complete league table.

Treatment ranking

Rankings were derived by Monte-Carlo simulation: 200,000 draws were taken from the multivariate
normal distribution defined by the estimated basic parameters and their covariance matrix, treatments
were ranked within each draw, and the resulting rank distribution was summarised as the surface under
the cumulative ranking curve (SUCRA), the probability of being best, and the mean rank. Rankograms
display the entire rank distribution rather than only its summary, which is essential because SUCRA alone
can conceal wide overlap between adjacent treatments. A fixed random seed (20260812) was used so
that the analysis is exactly reproducible.

Transitivity, inconsistency and network geometry
Transitivity was appraised qualitatively by tabulating the distribution of the potential effect modifiers

across the nodes: baseline liver-fat content, treatment duration, imaging modality, diabetes prevalence,
fibrosis stage distribution, body-mass index and the presence of HIV infection. Because every included
trial compared a single active agent with placebo and no head-to-head randomised comparison between
two active agents was identified, the network is star-shaped and contains no closed loop. Statistical
inconsistency is therefore not estimable, no node-splitting, design-by-treatment interaction or side-
splitting analysis is possible, and the between-drug estimates are wholly indirect. This is stated explicitly
rather than concealed, and it is the principal reason the network component is designated exploratory
and hypothesis-generating.

Small-study effects and sensitivity analyses
Small-study effects were examined with a comparison-adjusted funnel plot ordered by the year of drug

development, with each trial's effect expressed as the deviation from the corresponding network
estimate. Formal asymmetry testing was not undertaken because fewer than ten trials contributed to any
single comparison, in accordance with Cochrane guidance. Three pre-specified sensitivity analyses were
performed: (i) restriction to trials of at least 24 weeks' duration; (ii) a bridged network in which the trial
comparing tirzepatide with insulin degludec was connected to the placebo anchor under the explicit
assumption that titrated basal insulin is equivalent to placebo for hepatic fat; and (iii) variation of the
assumed baseline liver-fat content used to reconstruct one trial's ratio of means across the plausible range
of 12% to 25%.

Certainty of the evidence

Certainty was rated with the GRADE framework adapted for network meta-analysis, in which each
network estimate is assessed for within-study bias, reporting bias, indirectness, imprecision,
heterogeneity and incoherence, and the rating of the network estimate cannot exceed the rating of the
direct or indirect evidence that dominates it. Because every between-drug estimate in this network
derives entirely from indirect evidence via a single common comparator, the indirectness and imprecision
domains dominate. Judgements were made in duplicate and disagreements resolved by consensus.
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Software
All analyses were performed in Python 3.11 using NumPy and SciPy, with figures generated in Matplotlib.

The network meta-analysis, the Monte-Carlo ranking procedure and all derived quantities were
implemented in a self-contained, version-controlled script that reproduces every number and figure in
this report from the raw extraction table.

Results
Study selection
The flow of records is shown in (Figure 1). Twenty-one reports of eighteen randomised trials met the

eligibility criteria and were included in the qualitative synthesis. Six trials contributing seven nodes and
423 participants provided effect estimates reconstructable on the ratio-of-means scale at a comparable
timepoint and formed the placebo-anchored network; one further trial with an active glucose-lowering
comparator formed a disconnected component analysed separately. Twelve trials were eligible in
principle but could not enter the network, in nine cases because the published report provided neither a
baseline mean nor a relative change from which a ratio of means could be reconstructed, and in three
cases because the comparator was disconnected from the placebo anchor.

MEDLINE/PubMed, Embase, Web of Science, Scopus,
CENTRAL, LILACS, ClinicalTrials.gov, WHO ICTRP
(n = [insert at final search])

!

[Records after duplicates removed]

Records identified from databases and registers }

IDENTIFICATION

(n = [insert])

}

Records screened on title/abstract - [Records excluded |
(n = [insert])
Full-text reports excluded, with reasons |

(n = [insert))
- No quantitative liver-fat outcome
[Fu\l-ten[ reports assessed for eligibility | | * Nen-randomised or single-arm design

- ass - Follow-up < 12 weeks
(n = [insert]) Paediatric population (<18 years)

Reports meeting eligibility criteria
and included in the gualitative synthesi:
(21 reports of 18 randomised trials)

|

Trials contributing to the quantitative synthesis
Network meta-analysis of liver-fat content:
6 RCTs, 7 nodes, 423 participants
Tesamorelin pairwise synthesis: 5 RCTs
Bridged sensitivity network: +1 RCT

SCREENING

Duplicate or overlapping report
Lifestyle or surgical intervention only |

Effect estimate not reconstructable on
the ratio-of-means scale (n = 9)
Comparator disconnected from the

S.‘. Excluded from the network (12 trials) ]
| placebo-anchored network (n = 3)

INCLUDED

Figure 1: PRISMA-NMA flow of study identification, screening and inclusion. Counts in the identification and
screening boxes are to be completed at execution of the final search; all downstream counts reflect the studies
actually analysed.

Characteristics of the included trials
The trials entering the network were conducted between 2014 and 2022 in North America, Europe and

India, and enrolled adults with a mean age between 47 and 56 years and a mean body-mass index
between 30 and 36 kg/m?2. Baseline liver-fat content ranged from approximately 14% to 20%. Treatment
duration ranged from 16 weeks to 18 months. Two trials used 'H-MRS and four used MRI-PDFF. The

Review Article | Gutiérrez-Castrellon P & Lakey JRT, et al. Adv Clin Med Res 2026, 7(2)-123
DOI: https://doi.org/10.52793/ACMR.2026.7(2)-123



https://doi.org/10.52793/ACMR.2026.7(2)-123

tesamorelin evidence was generated exclusively in people living with well-controlled HIV infection, of
whom one third had biopsy-proven steatohepatitis and 43% had fibrosis of stage 1 or higher at entry. The
remaining trials enrolled biopsy-proven MASH (aldafermin, resmetirom, pioglitazone), imaging-defined
MASLD with elevated liver stiffness (semaglutide), or MASLD with elevated aminotransferases

(saroglitazar). Node-level characteristics are summarised in (Table 2).

Node (agent, X n . . Baseline .
dose) Trial (exp/ctr]) Duration Modality liver fat Population
Tesamorelin 2 mg  Stanley : 0 PLWH with NAFLD; 33% biopsy-
s.c. daily 2019 26/28  52weeks  'H-MRS 13.8% proven NASH; 43% > F1
Resmetirom 80 Harrison 2 10%
74 / 34 k MRI-PDFF Bi - NASH, F1-F
mg oral daily 2019 /3 36 weeks (entry) lopsy-proven NASH, 3
. - 100
semaglutide 04 L 5001 34733 48weeks  MRIPDFF 2 0% NAFLD with MRE 2.50-4.63 kPa
mg s.c. daily (entry)
Aldafermin 1 mg Harrison ~ o Biopsy-proven NASH, NAS > 4,
s.c. daily 2020 53/25 24 weeks MRI-PDFF =17.5% F2-F3
Piogli 4 Bi - NASH with
loglitazone 45 2016 50/51  18months H-MRS 19% lopsy-proven NASH wit
mg oral daily prediabetes or T2D
. . S
Sarogll'Fazar 4mg  Gawrieh 26/ 26 16 weeks  MRI-PDFE Not stated NAFLD/NASH, ALT > 50 U/L, BMI
oral daily 2021 >25
Placebo 16-78
jal — /197 — — —
(reference) 6 trials /19 weeks
Tirzepatide 10/15  Gastaldelli 151/74 52 weeks MRI-PDEE 15.7% T2D with fatty liver index > 60;

mg s.c. weekly* 2022

comparator insulin degludec

Table 2: Trials and nodes contributing to the quantitative synthesis. *Disconnected component; entered the

placebo-anchored network only in the bridged sensitivity analysis. PLWH = people living with HIV; MRE = magnetic

resonance elastography; NAS = NAFLD activity score; T2D = type 2 diabetes.

Risk of bias

Four of the six trials in the network were rated at overall low risk of bias. Two trials raised some concerns,
principally for missing outcome data (imaging data unavailable in a non-trivial minority at follow-up, in
one case 8 of 41 participants) and, in one instance, for incomplete pre-specification of the reported result.
The trial contributing the disconnected component was rated at high risk of bias because of its open-label
design. Notably, the outcome-measurement domain was rated low risk throughout: liver fat was
quantified centrally by blinded readers using a validated automated pipeline in every trial, which is the
domain of greatest consequence for the primary endpoint. Domain-level judgements are shown in (Figure
2).
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Figure 2: Cochrane RoB 2 domain-level and overall risk-of-bias judgements for the randomised trials contributing
to the synthesis.

Efficacy of tesamorelin versus placebo (pairwise synthesis)
Across the randomised evidence, tesamorelin reduced hepatic fat content by 4.28 percentage points

relative to placebo (95% Cl —6.31 to -2.24; P < 0.001) with no detectable heterogeneity (1> = 0%), and the
95% prediction interval (-7.48 to -0.93) lay entirely below the null, indicating a consistent effect across
comparable settings. In the single trial that recruited specifically for NAFLD and followed participants for
12 months, the absolute treatment effect was -4.1 percentage points (95% Cl -7.6 to —-0.7; P = 0.02),
corresponding to a relative reduction of 37% (95% Cl -67 to —7); multiple imputation for missing data
yielded a materially identical estimate (-3.8 percentage points). At six months in an earlier trial that
recruited for abdominal fat accumulation rather than for steatosis, the net treatment effect was -2.9
hepatic lipid-to-water percentage points (P = 0.003), a smaller effect consistent with the lower baseline
steatosis of an unselected cohort.

Resolution of steatosis, defined as a hepatic fat fraction below 5% at 12 months, was achieved by 35% of
tesamorelin recipients versus 4% of placebo recipients (P = 0.007), a between-group difference of 31
percentage points. Reduction in liver fat correlated with reduction in visceral adipose tissue, consistent
with the proposed mechanism. Effects on the composite NAFLD activity score and its components were
in the expected direction but individually imprecise (Figure 7): NAS -0.3 (95% ClI -1.0 to 0.5), lobular
inflammation -0.3 (95% Cl -0.7 to 0.2) and hepatocellular ballooning -0.1 (95% CI -0.4 to 0.2).
Importantly, the trial was powered for the imaging endpoint and not as a therapeutic trial for
steatohepatitis, and only one third of the cohort had steatohepatitis at entry; in a pre-specified
exploratory analysis, the higher the baseline NAS the greater the reduction observed with tesamorelin (r
=-0.48, P = 0.04), a relationship absent in the placebo group.
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Figure 3: Tesamorelin versus placebo: hepatic fat and histological activity outcomes (mean difference; negative
values favour tesamorelin).

Fibrosis progression and hepatic transcriptomic signal
The most clinically consequential finding in the tesamorelin evidence base concerns fibrosis. Over 12

months of double-blind treatment with paired liver biopsies, any progression of fibrosis stage occurred in
2 of 19 participants (10.5%) receiving tesamorelin versus 9 of 24 (37.5%) receiving placebo (P = 0.04).
Tesamorelin did not reverse established fibrosis — improvement was seen in 2 versus 3 participants
among those with baseline stage > 1 (P = 0.71) — so the effect is one of attenuated progression rather
than regression. Change in fibrosis was strongly associated with change in NAS (P = 0.0003), and
reductions in liver fat were associated with reductions in fibrosis, supporting a coherent causal chain from
visceral fat, through hepatic fat, to fibrogenesis. The natural-history observation embedded in this trial is
itself important: 37.5% of the placebo group progressed histologically within a single year, a rate that
underscores the need for effective therapy in this population.

Hepatic transcriptomic analysis performed within the same programme demonstrated that tesamorelin
downregulated gene sets governing tissue repair, cell division, and inflammatory and immune activation,
providing mechanistic corroboration of the histological signal. This combination — a randomised, biopsy-
controlled antifibrotic signal supported by an independent molecular readout — is not currently available
for most agents in the MASLD pipeline and is the strongest argument for the further development of
tesamorelin in this indication.

Network meta-analysis of liver-fat content
The evidence network is displayed in (Figure 4). It is star-shaped: every active agent is connected to

placebo by exactly one trial and no active agent is connected to any other. There are no closed loops, no
direct between-drug evidence, and consequently no estimable inconsistency. Because each node is
informed by a single trial, the between-study variance is not identifiable (residual degrees of freedom =
0) and t® was fixed at zero; the interval estimates therefore reflect within-trial precision only and should
be regarded as optimistic.
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Figure 4: Evidence network for liver-fat content. Node area is proportional to the number of randomised
participants; edge labels give the number of contributing trials. Red = tesamorelin; blue = comparator agents; grey
= placebo anchor. The tirzepatide-versus-insulin-degludec trial forms a disconnected component that enters only

the bridged sensitivity analysis.

Every active agent reduced liver-fat content relative to placebo, and five of six did so with a confidence
interval excluding unity (Figure 5, Table 3). Semaglutide 0.4 mg once daily produced the largest relative
reduction (RoM 0.47,95% Cl 0.36 to 0.61; -53.0%, 95% Cl -63.6 to —39.3), closely followed by pioglitazone
45 mg (RoM 0.50, 95% CI 0.40 to 0.62; -50.0%). Tesamorelin 2 mg reduced liver fat by 35.2% relative to
placebo (RoM 0.65, 95% Cl 0.42 to 1.01; P = 0.054), placing it third among the six active agents; the
confidence interval marginally crosses unity on the ratio-of-means scale because the reconstruction
propagates the wide interval of the reported relative-change estimate, whereas the absolute-change
analysis of the same trial was statistically significant (P = 0.02). Aldafermin 1 mg (RoM 0.66, 95% Cl 0.54
to 0.81), resmetirom 80 mg (RoM 0.69, 95% CI 0.56 to 0.85) and saroglitazar 4 mg (RoM 0.77, 95% Cl 0.63
to 0.94) followed.

Relative
RoM (95%Cl)  reduction

Semaglutide 0.4 mg | S a— 047(03610061) -53%

Pioglitazone 45 mg P 0.50(040t0D.62) -50%

Tesamorelin 2 mg I 1} { 0.65(042t01.01) -35%

Aldafermin 1 mg —a— 0.66(0.54to DEL)  -34%

Resmetirom 80 mg p—a— 0.69 {056 to 0.B5)  -31%

Saroglitazar 4 mg — — 0770630094 23%
03 05 07 10 15

Ratio of means for liver-fat content vs placebo (RoM < 1 favours the drug)

Figure 5: Network estimates for liver-fat content relative to placebo, expressed as the ratio of means (RoM). RoM
< 1 favours the active agent; the right-hand column expresses the same quantity as a percentage relative

reduction.
RoM (95% Cl) vs Relative reduction o Prob. best .
Treatment placebo (95% Cl) P value SUCRA (%) (%) Interpretation
Semaglutide -53.0% (-63.6 to Largest reduction; ranked first
0.4 mg 0.47(0.36t0 0.61) -39.3) <0.001 9.7 599 with substantial probability
Pioglitazone 45 0.50 (0.40t0 0.62)  -50.0% (-59.6 to <0.001 85.9 325 Statistically indistinguishable
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RoM (95% Cl) vs Relative reduction o Prob. best .
Treatment placebo (95% Cl) P value SUCRA (%) (%) Interpretation
mg -38.1) from semaglutide
. At ooy (L " L
Tesamorelin 2 0.65 (0.42 t0 1.01) 35.2% (-58.3 to 0.054 520 71 Mid-ranking; wide .|nterva'|
mg +0.7) reflects the small single trial
. Effect essentially identical to
- 0 -
Aldafermin 1 0.66 (0.54 to 0.81) 33.8%(-46.1t0 <0.001 49.3 0.3 tesamorelin, more precisely
mg -18.6) .
estimated
i - 0, —_ .
Resmetirom 80 0.69 (0.56 t0 0.85) 31.5% (-44.4 to <0.001 44.0 0.2 Approv.ed agent; comparable
mg -15.5) steatosis effect
. 99 Qos [ R .
Saroglitazar 4 0.77 (0.63 to 0.94) 22.9% (-36.7 to 0.010 26.6 0.0 Smallest sgmﬁcant reduction;
mg -6.0) shortest trial
Placebo 1.00 (reference) — — 0.5 0.0 Reference node

Table 3: Network meta-analysis of liver-fat content: relative effects versus placebo and ranking statistics. RoM =
ratio of means for liver-fat content at follow-up; SUCRA = surface under the cumulative ranking curve. All between-
drug comparisons are entirely indirect.

The complete league table of all 21 pairwise comparisons is given in Figure 6. No comparison involving
tesamorelin against any other active agent excluded unity: tesamorelin versus semaglutide RoM 1.38
(95% C10.83 to 2.29), versus pioglitazone 1.30 (0.79 to 2.11), versus aldafermin 0.98 (0.60 to 1.59), versus
resmetirom 0.95 (0.58 to 1.54) and versus saroglitazar 0.84 (0.52 to 1.36). In other words, the evidence is
compatible with tesamorelin being anywhere from modestly superior to saroglitazar to substantially
inferior to semaglutide, and it does not discriminate tesamorelin from aldafermin or from the approved
agent resmetirom. Semaglutide and pioglitazone were each superior to saroglitazar (RoM 0.61, 95% Cl
0.44 t0 0.84 and 0.65, 95% Cl 0.48 to 0.87 respectively) and to resmetirom (0.69, 95% Cl 0.49 to 0.95 and
0.73,95% Cl 0.54 to 0.98).

League table — ratio of means for liver-fat content
imin treatment; RoM < 1 favours the row treatment)

s o oes ey
| 4Ty sl oss 45,083 oas.ony [CETE

Progiiizzons SRS o7 a7 o3
2 047,128 (058102 (054088 (045087
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138 130
[ PR A

o84 085
a2 a0 | @42
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QRO (00b240) (135385 (aElsor  (1ob lse

Figure 6: League table of all pairwise comparisons for liver-fat content. Each cell gives the ratio of means with its
95% confidence interval for the row treatment versus the column treatment; values below 1 favour the row
treatment. Treatments are ordered by SUCRA.

Treatment ranking
Ranking statistics are shown in (Figures 7 and 8). Semaglutide achieved the highest SUCRA (91.7%) with a

59.9% probability of being the best agent, followed by pioglitazone (SUCRA 85.9%, probability-best
32.5%). Tesamorelin occupied the middle of the distribution (SUCRA 52.0%, probability-best 7.1%),
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essentially tied with aldafermin (49.3%) and resmetirom (44.0%). The rankograms make clear what the
SUCRA values alone conceal: the rank distributions of tesamorelin, aldafermin, resmetirom and
saroglitazar overlap heavily and are broad, whereas the distributions of semaglutide and pioglitazone are
concentrated in the top two ranks and that of placebo is concentrated in the last rank. The ranking should
therefore be read as separating three tiers — semaglutide and pioglitazone; tesamorelin, aldafermin and
resmetirom; saroglitazar — rather than as an ordered list of six distinguishable agents.

85.9

Pioglitazone 45 mg

Tesamorelin 2 mg 52.0

Aldafermin 1 mg

.
.
w

44.0

Resmetirom 80 mg

Saroglitazar 4 mg 26.6

Placebo | 0.5

T T T T
40 60 80 100
SUCRA (%) — liver-fat reduction

o
N
S

Figure 7: SUCRA values for liver-fat reduction. Higher values indicate a higher probability of being among the more
effective treatments.

Placebo Tesamarelin 2 mg Resmetiom 80 mg Sema
SUCRA 0.5% SUCRA 52.0% SUCRA 44.0% U

Aidatermin 1 mg Piogltazor Saroglitazar 4 mg
SUCRA 49.3% SUCRA B5.9% SUCRA 26.6%

e 0
1.7

mg

-

Probability (%)

1oz 3 04 5 B 7 1z 31 4 5 B 7 12 03 4 5 & 7

Rank {1 = greatest liver-fat reduction)

Figure 8: Rankograms showing the complete distribution of ranks for each treatment across 200,000 Monte-Carlo
draws (rank 1 = greatest liver-fat reduction).

Sensitivity analyses
Restricting the network to the five trials of at least 24 weeks' duration removed saroglitazar and left the

ordering and the magnitude of all remaining estimates unchanged. In the bridged network, in which the
tirzepatide-versus-insulin-degludec trial was connected to the placebo anchor under the explicit
assumption that titrated basal insulin does not alter hepatic fat, tirzepatide 10/15 mg produced a RoM of
0.62 (95% CI 0.53 to 0.73) and ranked between pioglitazone and tesamorelin (SUCRA 58.6%); the position
of tesamorelin fell only marginally (SUCRA 52.0% to 50.6%) and no conclusion was altered. Varying the
assumed baseline liver-fat content used to reconstruct the aldafermin ratio of means across the range
12% to 25% moved that node's RoM between 0.54 and 0.78, which spans the estimates for semaglutide
at one extreme and saroglitazar at the other; this is the single most influential assumption in the analysis
and is flagged accordingly.

Small-study effects could not be assessed formally because no comparison was informed by more than
one trial. The comparison-adjusted funnel plot (Figure 9) is presented for completeness and, as expected
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in a star network of single trials, is uninformative: each point lies exactly on the network estimate for its

own comparison. It is retained to make the structural limitation visible rather than to imply that

publication bias has been excluded.
0.00 4
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Study effect minus network estimate of the comparison (log RoM)

Figure 9: Comparison-adjusted funnel plot. In a star-shaped network in which each comparison is informed by a
single trial, every study effect coincides with its network estimate; the plot documents this structural feature and
cannot detect small-study effects.

Safety and tolerability of tesamorelin
Serious adverse events were not increased with tesamorelin relative to placebo (RR 1.27, 95% Cl 0.73 to

2.22; 12=0%), and there was no excess of upper respiratory tract infection (RR 0.76, 95% Cl 0.45 to 1.28),
nasopharyngitis (RR 1.07, 95% Cl 0.62 to 1.83), diarrhoea, headache, injection-site bruising, limb pain or
back pain. Adverse events attributable to growth hormone activity were consistently more frequent:
arthralgia (RR 1.92, 95% Cl 1.32 to 2.80), myalgia (RR 3.04, 95% Cl 1.14 to 8.13), paraesthesia (RR 2.52,
95% Cl 1.05 to 6.05) and injection-site erythema (RR 2.74, 95% Cl 1.34 to 5.61), each with |12 = 0%. These
events are mechanistically explained by fluid retention consequent on increased growth hormone activity,
are generally mild to moderate, and are relevant to adherence because the drug is given by daily
subcutaneous injection (Figure 10).

Glycaemic safety deserves emphasis because it is the historical objection to growth hormone axis
manipulation. Fasting glucose was unchanged (MD 0.10 mmol/L, 95% ClI -0.51 to 0.72; 1> = 2.9%), two-
hour glucose was unchanged (MD 1.77 mmol/L, 95% Cl -3.85 to 7.39), and hyperglycaemia as an adverse
event was not increased (RR 1.02, 95% Cl 0.56 to 1.88). In the dedicated NAFLD trial, glucose parameters
including euglycaemic hyperinsulinaemic clamp measures did not differ between groups, and insulin
sensitivity was not worsened. This profile follows from the mechanism: tesamorelin stimulates
endogenous pulsatile growth hormone release with intact negative feedback, whereas exogenous
recombinant growth hormone bypasses that feedback and is reliably diabetogenic. Nevertheless, a
transient early rise in fasting glucose has been documented at two weeks in one trial, and glucose
monitoring early after initiation remains prudent, particularly in patients with pre-existing dysglycaemia.

Beyond the liver, tesamorelin reduced visceral adipose tissue by 27.7 cm? (95% Cl -38.4 to —17.1), reduced
trunk fat by 1.18 kg, reduced waist circumference by 1.61 cm, reduced triglycerides by 36.5 mg/dL (95%
Cl -58.7 to -14.4), increased lean body mass by 1.42 kg (95% Cl 1.13 to 1.71) and increased IGF-1 by 107
ng/mL, without change in body-mass index, subcutaneous adipose tissue or CD4* T-cell count. The
combination of visceral-fat loss with lean-mass preservation distinguishes tesamorelin from incretin-
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based therapies, in which weight loss is accompanied by loss of lean mass, and is a consideration of
growing importance in older and sarcopenic patients.

Serious adverse events - 12710.73-222)

Arthralgia — 182(1.32-2.80)
Myalgia o 30411148131

Paraesthesia —_— 252 (105-6.05)
Injection-site erythema —_— 274(134-561)

Hyperglycaemia 1.02(0.56-188)

Upper respiratory tract infection 0.760.45-1.28)

Risk ratio vs placebo (RR > 1 favours placebo)

Figure 10: Safety outcomes for tesamorelin versus placebo (risk ratios; values above 1 favour placebo). Orange
denotes comparisons whose confidence interval excludes unity.

Durability
Tesamorelin behaves as a maintenance therapy rather than a curative intervention. In the extension

phases of the registration programme, participants who continued treatment for 12 months maintained
the approximately 18% reduction in visceral fat achieved in the first six months, whereas those
randomised to discontinue returned rapidly towards baseline. Whether the reductions in hepatic fat and,
more importantly, the attenuation of fibrosis progression persist after withdrawal has not been tested
and constitutes a first-order evidence gap. This durability profile is not unique to tesamorelin — it is shared
by every non-curative metabolic therapy for MASLD — but it must be made explicit in any comparative
appraisal, because indefinite daily subcutaneous injection carries adherence and cost consequences that
a ranking of steatosis reduction does not capture.

Certainty of the evidence (GRADE)
GRADE assessments are summarised in (Table 4). Certainty was rated moderate for the effect of

tesamorelin versus placebo on hepatic fat content, downgraded once for imprecision arising from the
small number of randomised participants; moderate for glycaemic neutrality; and low for the antifibrotic
effect, downgraded for imprecision (11 events in total) and for indirectness (the population was restricted
to people living with HIV). Every indirect between-drug network estimate was rated low or very low,
downgraded for indirectness (all comparisons pass through a single common comparator; populations
differ in diabetes prevalence, fibrosis stage and HIV status) and for imprecision, with a further downgrade
wherever the estimate depended on a reconstruction assumption.

Certainty

(GRADE) Reasons for downgrading and what this means

Outcome Effect estimate Trials (n)

Downgraded once for imprecision (small total sample).

Hepatic fat Tesamorelin probably produces a clinically meaningful

MD -4.28% (-6.31 to

= o
content, . -2.24); RoM 0.65 (0.42 3RCTs (n OO0 reduction in hepatic fat; the estimate is consistent
tesamorelin vs 200) Moderate ) 2 - e )
to 1.01) across trials (I = 0%) with a prediction interval entirely

placebo

below the null.

D ded fori isi ingl Il trial, f
Resolutionof | 35% vs 4% diference evente) and indirectness (Y popuiation). Tesamoreiin
steatosis (<5% 31 percentage points 1RCT (n=54) @oo Low . ) . pop .

R may normalise hepatic fat in about one third of treated

hepatic fat) (P =0.007) ;

patients.
Fibrosis . 10.5% vs 37.5% (P = 1 BCT (r.1 =43 Powngraded for |mpreC|s.|on (11 events) .and
progression at 12 0.04) with paired @ Poo Low indirectness (HIV population). Tesamorelin may
months ’ biopsy) substantially attenuate histological fibrosis progression;
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Certaint
Outcome Effect estimate Trials (n) ((‘:l;:ll)nE;, Reasons for downgrading and what this means
this is the most clinically important signal in the
evidence base and requires confirmation.
Downgraded for imprecision (interval includes both
NAFLD activity MD -0.3 (-1.0 t0 0.5) 1RCT @000 Very low benefit and harm), |nd|r§ctness, and because Fhe trial
score was not powered or enriched for steatohepatitis. No
conclusion can be drawn.
Glycaemic safety MD 0.10 mmol/L PBDo Downgraded once fo.r |mpreC|5|or.1. Tesamorelln probably
. 5RCTs does not worsen fasting glycaemia, in contrast to
(fasting glucose) (-0.51t00.72) Moderate .
recombinant growth hormone.
Serious adverse RR1.27 (0.73 t0 2.22) 5 RCTs SDDbo Downgrafjed once for. imprecision. Tesamorelin probably
events Moderate does not increase serious adverse events.
Arthralgia RR 1.92
Musculoskeletal (1.32-2.80); myalgia RR Not downgraded: consistent (12 = 0%), direct, precise for
and injection-site 3.04 (1.14-8.13); 5 RCTs PP High arthralgia, and mechanistically expected. Tesamorelin
events injection-site erythema increases these tolerability events.
RR 2.74 (1.34-5.61)
Downgraded for indirectness (no head-to-head
Tesamorelin vs Indirect. 2 evidence; different populations), imprecision (interval
semaglutide (liver RoM 1.38 (0.83 to 2.29) RCTs ’ @ooo Very low  spans no difference to a two-fold disadvantage) and
fat) inestimable incoherence. The evidence does not
establish which agent is superior.

. Downgraded for indirectness, imprecision and
Tesamorelin vs Indirect, 2 inestimable incoherence. Tesamorelin and the approved
resmetirom (liver RoM 0.95 (0.58 to 1.54) ’ @ooo Very low . : R PP .
fat) RCTs agent resmetirom cannot be distinguished on steatosis

reduction.
Tesamorelin vs Indirect. 2 Downgraded for indirectness, imprecision, inestimable
aldafermin (liver RoM 0.98 (0.60 to 1.59) RCTs ! @ooo Very low incoherence and dependence on a reconstructed
fat) baseline. No difference is demonstrable.
Semaglutide 91.7 >
pioglitazone 85.9 > Star-shaped network, no closed loops, incoherence not
Overall ranking tesamorelin 52.0 = 6 RCTs, 423 estimable, t2 not identifiable. Rankings are hypothesis-

(SUCRA)

aldafermin 49.3 =
resmetirom 44.0 >
saroglitazar 26.6

participants

@ooo Very low

generating and must not be used as a prescribing
hierarchy.

Table 4: GRADE Summary of Findings. @D P P high; DD Do moderate; Poo low; Hooo very low. MD =
mean difference in percentage points; RoM = ratio of means; RR = risk ratio.

Discussion

Principal findings

This is, to our knowledge, the first synthesis to position tesamorelin quantitatively within the
contemporary pharmacological landscape for hepatic steatosis. Three findings stand out. First,
tesamorelin produces a robust and internally consistent reduction in hepatic fat — roughly a third of the
fat present — with no heterogeneity across trials and a prediction interval entirely below the null. Second,
on this endpoint tesamorelin sits in the middle of the field: clearly inferior in point estimate to semaglutide
and pioglitazone, and statistically indistinguishable from aldafermin, resmetirom and saroglitazar. Third,
and in tension with the second, tesamorelin is supported by a category of evidence that most of its higher-
ranking competitors are not: a randomised, double-blind, biopsy-controlled demonstration that
histological fibrosis progression is attenuated, corroborated by hepatic transcriptomic downregulation of
repair, proliferation and inflammatory programmes.
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The tension between the second and third findings is the central interpretive point of this review. A
ranking based on steatosis reduction answers the question “which drug removes the most liver fat?” It
does not answer the question that matters to patients, which is “which drug prevents cirrhosis?” MRI-
PDFF is a validated surrogate — both absolute decline and a 2 30% relative decline predict histological
response — but it is a surrogate, and the correlation between steatosis reduction and fibrosis outcome is
imperfect. Agents that lower hepatic fat dramatically have failed to improve fibrosis, and the regulatory
approval of resmetirom rested on paired-biopsy histology, not on its PDFF signal. A mid-table SUCRA for
tesamorelin therefore constrains, but does not settle, its therapeutic value.

Mechanistic interpretation
Tesamorelin's route to the liver is indirect and adipocentric. By restoring pulsatile growth hormone

secretion, it enhances lipolysis in visceral adipose tissue, reducing portal free-fatty-acid delivery and the
substrate supply for hepatic triglyceride synthesis; growth hormone additionally suppresses hepatic de
novo lipogenesis. This contrasts with the direct hepatic mechanisms of resmetirom (intrahepatic thyroid
hormone receptor-B agonism accelerating fatty-acid B-oxidation), of the FGF analogues (direct metabolic
and antifibrotic signalling) and of the incretins (weight loss with secondary hepatic benefit). The indirect
mechanism explains two observations: the strong correlation between change in visceral fat and change
in liver fat within the tesamorelin trials, and the preservation of lean body mass, since growth hormone is
anabolic to muscle while incretin-driven weight loss is not. In a disease increasingly recognised to coexist
with sarcopenia, an agent that removes visceral fat while adding 1.4 kg of lean mass has a body-
composition profile that no other agent in this network shares.

The glycaemic neutrality of tesamorelin is likewise mechanistically determined rather than incidental.
Because tesamorelin acts upstream at the pituitary, somatostatin and IGF-1 feedback remain intact and
growth hormone exposure remains physiological and pulsatile; the diabetogenic effect that limits
recombinant growth hormone therapy is thereby avoided. Given that a majority of patients with MASH
have prediabetes or type 2 diabetes, glycaemic neutrality is a meaningful clinical property, and it is one
that pioglitazone — which ranked second here — achieves by a different route but at the cost of weight
gain and fluid retention.

Comparison with previous work
Our findings are broadly concordant with the most complete previous network meta-analysis of liver-fat-

lowering therapies, which ranked FGF analogues and pioglitazone highly at 24 weeks and did not include
tesamorelin at all because its randomised hepatic evidence was generated in an HIV population and
reported the outcome by 'H-MRS rather than MRI-PDFF. Our decision to work on the ratio-of-means scale
is what makes the inclusion of tesamorelin possible, since it renders trials with different baseline severity
and different quantification modalities commensurable. The published pairwise meta-analysis of
tesamorelin in HIV-associated lipodystrophy reported an absolute hepatic-fat reduction of 4.28
percentage points with high GRADE certainty, which our synthesis reproduces exactly and then extends
by placing that effect in a comparative frame.

Strengths
The review has four methodological strengths. It uses an effect measure chosen deliberately to defend

the transitivity assumption against the single largest threat in this literature — systematic differences in
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baseline steatosis — rather than adopting the conventional mean difference and hoping the differences
are negligible. Every effect estimate entering the network is traceable to a numbered derivation in
Appendix B, so that a reader can reconstruct the entire analysis from the primary reports. The structural
limitations of the network are reported rather than obscured: the star topology, the non-identifiability of
T, the inestimability of incoherence and the uninformativeness of the funnel plot are each stated explicitly
and displayed graphically. And the ranking is presented with full rankograms alongside SUCRA, so that the
substantial overlap between adjacent treatments is visible.

Limitations
The limitations are substantial and constrain every between-drug statement in this review. The network

is star-shaped and each node is informed by a single trial, so all comparative estimates are indirect,
statistical inconsistency cannot be assessed, between-study heterogeneity cannot be estimated, and the
reported confidence intervals are consequently narrower than the true uncertainty. The randomised
hepatic evidence for tesamorelin comes entirely from people living with well-controlled HIV infection;
although the pathophysiology of steatosis in that setting is metabolically driven and the trial recruited on
the basis of hepatic fat rather than HIV status, transportability to the general MASLD population is an
assumption rather than a demonstration. Trial durations differ by a factor of nearly five, and although the
ordering was unchanged when the analysis was restricted to trials of at least 24 weeks, duration remains
an uncontrolled effect modifier. One node required an assumed baseline liver-fat value for its
reconstruction, and the sensitivity analysis shows this assumption can move that node across a wide
range. Twelve otherwise eligible trials could not enter the network because their reporting did not permit
reconstruction on the ratio-of-means scale, raising the possibility of selection by reporting completeness.
Doses were fixed at those tested and dose-response was not modelled. Finally, and most importantly,
hepatic fat is a surrogate: none of the comparisons in this network speaks directly to cirrhosis,
decompensation, hepatocellular carcinoma or mortality.

Implications for practice and research
For practice, the review identifies a defined clinical situation in which tesamorelin has a coherent

rationale: the patient with MASLD, prominent visceral adiposity, dysglycaemia in whom further glycaemic
perturbation is undesirable, and concern about lean-mass loss — a profile that includes but is not limited
to people living with HIV on antiretroviral therapy. Cost and the requirement for daily subcutaneous
injection are material constraints.

For research, three priorities follow directly. First, a randomised trial of tesamorelin in a non-HIV MASLD
population with paired-biopsy histological endpoints is the single most informative study that could be
performed, and the effect sizes reported here provide the parameters for its sample-size calculation:
assuming a ratio of means of 0.65 with the observed dispersion, approximately 120 participants per arm
would provide 90% power at a two-sided alpha of 0.05 for the imaging endpoint, with histology as a key
secondary endpoint requiring a larger sample. Second, head-to-head or three-arm designs — tesamorelin
versus semaglutide versus placebo, for example — would close the loops that this network lacks and
would convert exploratory rankings into estimable comparisons. Third, given the complementary
mechanisms of adipocentric visceral-fat depletion and direct intrahepatic action, combination strategies
pairing tesamorelin with a thyroid hormone receptor-B agonist or an FGF analogue deserve formal
evaluation, as does the durability of the antifibrotic effect after treatment withdrawal.
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Conclusions

Tesamorelin reduces hepatic fat content by approximately one third relative to placebo in adults with
MASLD, achieves resolution of steatosis in about one third of treated patients, does not worsen glycaemia,
preserves lean mass while depleting visceral fat, and — in the only randomised, biopsy-controlled trial of
its kind — substantially attenuates the progression of hepatic fibrosis. In a placebo-anchored network of
six randomised trials, tesamorelin ranked third of six active agents for steatosis reduction, below
semaglutide and pioglitazone and statistically indistinguishable from aldafermin, resmetirom and
saroglitazar. Because the network is star-shaped and every between-drug estimate is indirect and of low
to very low certainty, these rankings are hypothesis-generating and must not be read as a prescribing
hierarchy. The distinctive contribution of tesamorelin lies less in the magnitude of its steatosis effect than
in the combination of an antifibrotic histological signal, glycaemic neutrality and a favourable body-
composition profile. Confirmation in a non-HIV MASLD population with histological endpoints, and head-
to-head comparison against an approved agent, are the necessary next steps.
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Appendix A Search strategy (MEDLINE via PubMed)

The strategy below is reproduced in full for MEDLINE and was adapted syntactically for Embase (Emtree),
Web of Science, Scopus, CENTRAL and LILACS. No language or date restrictions were applied. The final
search is to be re-run immediately before submission and the yield recorded in (Figure 1).

Line Search term
#1 "Non-alcoholic Fatty Liver Disease"[MeSH]

(NAFLD [tiab] OR NASH [tiab] OR MASLD [tiab] OR MASH [tiab] OR "fatty liver"[tiab] OR "hepatic steatosis"[tiab] OR "liver

#2 fat"[tiab] OR steatohepatitis[tiab] OR "steatotic liver"[tiab])
#3 #1 OR #2
44 (tesamorelin[tiab] OR TH9507(tiab] OR TH-9507[tiab] OR Egrifta[tiab] OR "growth hormone-releasing factor"[tiab] OR

"growth hormone releasing hormone analog*"[tiab] OR GHRH [tiab])
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Line

#5

#6

#7

#8

#9

#10
#11
#12

#13

Search term

(resmetirom[tiab] OR semaglutide[tiab] OR tirzepatide[tiab] OR survodutide[tiab] OR liraglutide[tiab] OR
pioglitazone[tiab] OR "vitamin E"[tiab] OR obeticholic[tiab] OR lanifibranor[tiab] OR saroglitazar[tiab] OR aramchol[tiab]
OR aldafermin[tiab] OR NGM282[tiab] OR pegozafermin[tiab] OR efruxifermin[tiab] OR pegbelfermin[tiab] OR
cilofexor[tiab] OR firsocostat[tiab] OR selonsertib[tiab] OR dapagliflozin[tiab] OR empagliflozin[tiab] OR licogliflozin[tiab]
OR efinopegdutide[tiab] OR denifanstat[tiab])

#4 OR #5

("proton density fat fraction"[tiab] OR PDFF [tiab] OR "MRI-PDFF"[tiab] OR "magnetic resonance spectroscopy"[tiab] OR
MRS [tiab] OR "hepatic fat fraction"[tiab] OR "intrahepatic triglyceride"[tiab])

(randomized controlled trial[pt] OR controlled clinical trial[pt] OR randomi*[tiab] OR placebo[tiab] OR "double-
blind"[tiab] OR trial[ti])

#3 AND #6 AND #8

#3 AND #7 AND #8

21

#9 OR #10

#11 NOT (animals [MeSH] NOT humans [MeSH])

#12 NOT (child [MeSH] NOT adult [MeSH])

Table A1: MEDLINE (PubMed) search strategy.

Appendix B Data provenance and derivation of every effect estimate
This appendix is the audit trail of the network meta-analysis. For every node it records exactly what the

primary report published, and exactly how that published quantity was converted to the log ratio of means

and its standard error. A reader with the primary reports can reproduce every number in (Table 3) from

this table alone.

Node

Tesamorelin
2mg

Resmetirom
80 mg

Semaglutide
0.4 mg

Aldafermin
1mg

Pioglitazone
45 mg

Saroglitazar
4mg

Tirzepatide
10/15 mg

Source

Stanley 2019,
Lancet HIV

Harrison 2019,
Lancet

Flint 2021, Aliment

Pharmacol Ther

Harrison 2020,
Gastroenterology

Cusi 2016, Ann
Intern Med

Gawrieh 2021,
Hepatology

Gastaldelli 2022,
Lancet Diabetes

What the primary report published

Relative change in hepatic fat fraction:
treatment effect -37% (95% Cl —67 to -7);
mean relative change -32% (tesamorelin) vs
+5% (placebo); "H-MRS at 52 weeks

Relative change in MRI-PDFF at 36 weeks:
-37.3% vs —8.5%; least-squares mean
difference -28.8% (95% Cl -42.0 to -15.7)

Estimated treatment ratio for liver steatosis
at week 48 =0.47 (95% Cl 0.36 to 0.60), MRI-
PDFF

Absolute change in MRI-PDFF at 24 weeks:
-7.7% vs -2.7%,; difference -5.0% (95% Cl
-8.0 to —1.9). Eligibility required baseline
liver fat > 8%

Hepatic triglyceride content by 'H-MRS fell
from 19% to 7%; treatment difference -7
percentage points (95% Cl -10 to -4) at 18
months

Least-squares mean relative change in liver-
fat content at 16 weeks: -19.7% (SE 5.6) vs
+4.1% (SE 5.9), MRI-PDFF

Baseline liver-fat content 15.71%; absolute
reduction -8.09% (SE 0.57) vs insulin

Derivation of In RoM and SE

In RoM = In(0.68 / 1.05) = —0.434. SE
on the difference of relative changes
=(67-7)/3.92=15.31 pp = 0.1531;
delta-method SE = 0.1531 x 1/(1 -
0.32) =0.225

In RoM = In (0.627 / 0.915) = -0.378.
SE = [(42.0 - 15.7)/3.92]/100 x 1/(1 -
0.373) =0.107

Used directly: In RoM =1In (0.47) =
-0.755. SE = [In (0.60) — In (0.36)]/3.92
=0.130

Baseline assumed 17.5%. In RoM = In
(9.8/14.8) =-0.412. SE = [(8.0 -
1.9)/3.92] / 14.8 =0.105

Pioglitazone change -12 pp, placebo
change -5 pp.InRoM =In (7 / 14) =
-0.693.SE=[(10-4)/3.92] /14 =
0.109

In RoM = In (0.803 / 1.041) = -0.260.
SE of the difference = V(5.6% + 5.9%) =
8.13 pp; delta-method SE = 0.0813 x
1/(1-0.197) =0.101

In RoM =1In(7.62 / 12.33) = -0.481. SE
=[(6.72 - 2.70)/3.92] / 12.33 = 0.083.
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Status

Reported

Reported

Reported as a
ratio

Derived —
requires the
trial's
published
baseline mean

Derived

Reported

Reported
(disconnected)
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Source What the primary report published Derivation of In RoM and SE Status

Endocrinol degludec -3.38% (SE 0.83); estimated Comparator is insulin degludec, not
treatment difference -4.71% (95% Cl -6.72 placebo
to -2.70) at 52 weeks

Table B1: Provenance and derivation of every effect estimate entering the network. “Reported” indicates the

quantity was published in a form directly convertible without additional assumptions; “Derived” indicates an

assumption was required and is stated.

B.1 Sensitivity of the aldafermin node to the assumed baseline

Assumed baseline liver

fat In RoM RoM Consequence for the ranking

12.0% -0.520 0.59 Aldafermin would rank third, ahead of tesamorelin
15.0% -0.452 0.64 Aldafermin and tesamorelin essentially tied

17.5% (used) -0.412 0.66 Aldafermin ranks fourth, marginally behind tesamorelin
20.0% -0.383 0.68 Aldafermin ranks fourth

25.0% -0.342 0.71 Aldafermin ranks fourth, close to resmetirom

Table B2: Sensitivity of the aldafermin node to the assumed baseline liver-fat content. This is the single most

influential assumption in the analysis; the trial's published baseline mean must be substituted before submission.

References

1.

10.

11.

Stanley TL, Fourman LT, Feldpausch MN, Purdy J, Zheng |, et al. (2019) Effects of tesamorelin on non-
alcoholic fatty liver disease in HIV: a randomised, double-blind, multicentre trial. Lancet HIV. 6(12):e821-30
Stanley TL, Feldpausch MN, Oh J, Branch KL, Lee H, et al. (2014) Effect of tesamorelin on visceral fat and
liver fat in HIV-infected patients with abdominal fat accumulation: a randomized clinical trial. JAMA.
312(4):380-89.

Badran AS, Helal A, Shata KS, Ayesh H. (2026) Body composition, hepatic fat, metabolic, and safety
outcomes of tesamorelin, a GHRH analogue, in HIV-associated lipodystrophy: a meta-analysis of
randomized controlled trials. Obes Res Clin Pract. 20:2-12.

Fourman LT, Stanley TL, Zheng |, Pan CS, Feldpausch MN, et al. (2020) Association of testosterone and
hepatic transcriptomic profile with tesamorelin treatment in HIV-associated NAFLD.

Falutz J, Potvin D, Mamputu JC, Assaad H, Zoltowska M, et al. (2010) Effects of tesamorelin, a growth
hormone-releasing factor, in HIV-infected patients with abdominal fat accumulation: a randomized
placebo-controlled trial with a safety extension. J Acquir Immune Defic Syndr. 53(3):311-22.

Falutz J, Allas S, Blot K, Potvin D, Kotler D, et al. (2007) Metabolic effects of a growth hormone-releasing
factor in patients with HIV. N Engl J Med. 357(23):2359-70.

Koh B, Xiao J, Ng CH, Law M, Gunalan SZ, et al. (2025) Comparative efficacy of pharmacologic therapies for
MASH in reducing liver fat content: systematic review and network meta-analysis. Hepatology. 83(1):117-
26.

Harrison SA, Bashir MR, Guy CD, Zhou R, Moylan CA, et al. (2019) Resmetirom (MGL-3196) for the treatment
of non-alcoholic steatohepatitis: a multicentre, randomised, double-blind, placebo-controlled, phase 2 trial.
Lancet. 394(10213):2012-24.

Flint A, Andersen G, Hockings P, Johansson L, Morsing A, et al. (2021) Randomised clinical trial: semaglutide
versus placebo reduced liver steatosis but not liver stiffness in subjects with non-alcoholic fatty liver disease
assessed by magnetic resonance imaging. Aliment Pharmacol Ther. 54(9):1150-61.

Harrison SA, Neff G, Guy CD, Bashir MR, Paredes AH, et al. (2021) Efficacy and safety of aldafermin, an
engineered FGF19 analog, in a randomized, double-blind, placebo-controlled trial of patients with
nonalcoholic steatohepatitis. Gastroenterology. 160(1):219-31.e1.

Cusi K, Orsak B, Bril F, Lomonaco R, Hecht J, et al. (2016) Long-term pioglitazone treatment for patients with
nonalcoholic steatohepatitis and prediabetes or type 2 diabetes mellitus: a randomized trial. Ann Intern

Review Article | Gutiérrez-Castrellon P & Lakey JRT, et al. Adv Clin Med Res 2026, 7(2)-123
DOI: https://doi.org/10.52793/ACMR.2026.7(2)-123



https://doi.org/10.52793/ACMR.2026.7(2)-123

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

23

Med. 165(5):305-15.

Gawrieh S, Noureddin M, Loo N, Mohseni R, Awasty V, et al. (2021) Saroglitazar, a PPAR-a/y agonist, for
treatment of NAFLD: a randomized controlled double-blind phase 2 trial. Hepatology. 74(4):1809-24.
Gastaldelli A, Cusi K, Fernandez Landd L, Bray R, Brouwers B, et al. (2022) Effect of tirzepatide versus insulin
degludec on liver fat content and abdominal adipose tissue in people with type 2 diabetes (SURPASS-3 MRI):
a substudy of the randomised, open-label, parallel-group, phase 3 SURPASS-3 trial. Lancet Diabetes
Endocrinol. 10(6):393-406.

Loomba R, Sanyal AJ, Kowdley KV, Bhatt DL, Alkhouri N, et al. (2023) Randomized, controlled trial of the
FGF21 analogue pegozafermin in NASH. N Engl J Med. 389(11):998-1008.

Harrison SA, Ruane PJ, Freilich BL, Neff G, Patil R, et al. (2021) Efruxifermin in non-alcoholic steatohepatitis:
a randomized, double-blind, placebo-controlled, phase 2a trial. Nat Med. 27(7):1262-71.

Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, et al. (2024) Cochrane Handbook for Systematic
Reviews of Interventions. Version 6.5. Cochrane.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, et al. (2021) The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ. 372:71.

Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, et al. (2015) The PRISMA extension statement
for reporting of systematic reviews incorporating network meta-analyses of health care interventions. Ann
Intern Med. 162(11):777-84.

Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, et al. (2019) RoB 2: a revised tool for assessing risk
of bias in randomised trials. BMJ. 366:14898.

Rucker G. (2012) Network meta-analysis, electrical networks and graph theory. Res Synth Methods.
3(4):312-24.

Rucker G, Schwarzer G. (2015) Ranking treatments in frequentist network meta-analysis works without
resampling methods. BMC Med Res Methodol. 15:58.

Salanti G, Ades AE, loannidis JPA. (2011) Graphical methods and numerical summaries for presenting results
from multiple-treatment meta-analysis: an overview and tutorial. J Clin Epidemiol. 64(2):163-71.

Friedrich JO, Adhikari NKJ, Beyene J. (2008) The ratio of means method as an alternative to mean differences
for analyzing continuous outcome variables in meta-analysis. BMC Med Res Methodol. 8:32.

Puhan MA, Schiinemann HJ, Murad MH, Li T, Brignardello-Petersen R, et al. (2014) A GRADE working group
approach for rating the quality of treatment effect estimates from network meta-analysis. BMJ. 349: g5630.
Nikolakopoulou A, Higgins JPT, Papakonstantinou T, Chaimani A, Del Giovane C, et al. (2020) CINeMA: an
approach for assessing confidence in the results of a network meta-analysis. PLoS Med. 17(4):e1003082.
Rinella ME, Lazarus JV, Ratziu V, Francque SM, Sanyal AJ, et al. (2023) A multisociety Delphi consensus
statement on new fatty liver disease nomenclature. Hepatology. 78(6):1966-86.

Ekstedt M, Hagstrom H, Nasr P, Fredrikson M, Stal P, et al. (2015) Fibrosis stage is the strongest predictor
for disease-specific mortality in NAFLD after up to 33 years of follow-up. Hepatology. 61(5):1547-54.

Stine JG, Munaganuru N, Barnard A, Wang JL, Kaulback K, et al. (2021) Change in MRI-PDFF and histologic
response in patients with nonalcoholic steatohepatitis: a systematic review and meta-analysis. Clin
Gastroenterol Hepatol. 19(11):2274-83.e5.

Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ, et al. (2005) Design and validation of a histological
scoring system for nonalcoholic fatty liver disease. Hepatology. 41(6):1313-21.

DerSimonian R, Laird N. (1986) Meta-analysis in clinical trials. Control Clin Trials. 7(3):177-88.

Review Article | Gutiérrez-Castrellon P & Lakey JRT, et al. Adv Clin Med Res 2026, 7(2)-123
DOI: https://doi.org/10.52793/ACMR.2026.7(2)-123



https://doi.org/10.52793/ACMR.2026.7(2)-123

