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Abstract

Background: Nonalcoholic fatty liver disease (NAFLD) is highly prevalent in young adults

with obesity. Obesity is associated with relative growth hormone (GH) deficiency, and data from
animal studies and from humans with pituitary GH deficiency suggest a role for GH deficiency in
the pathogenesis of NAFLD. The effects of GH on NAFLD in those with obesity are unknown,
however, prompting this pilot study to assess effects of GH administration on measures of NAFLD
in young adults.

Methods: Twenty-four men and women ages 18—29 years with BMI = 30kg/m?, hepatic fat
fraction (HFF) = 5% on proton magnetic resonance spectroscopy (*H-MRS), and insulin-like
growth factor 1 (IGF-1) z-score < 0 were randomized to treatment with recombinant human GH
(rhGH) versus no treatment for 24 weeks. The primary endpoint was change in HFF.

Results: Compared to no treatment, the effect size of rhGH on absolute HFF over 24 weeks was
-3.3% (95% confidence interval —7.8%, 1.2%; p=0.14). At 24 weeks, HFF < 5% was achieved in
5 of 9 individuals receiving rhGH versus 1 of 9 individuals receiving no treatment (p=0.04). rhGH
did not significantly reduce ALT, AST, or GGT. Serum IGF-1 increased as expected with rhGH
treatment, and there were no changes in fasting lipids, c-reactive protein, fasting glucose, or 2-hour
glucose following an oral glucose tolerance test.
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Conclusion: Data from this pilot study suggest that rhGH treatment in young adults with obesity
and NAFLD may have benefits to reduce liver fat content, although larger studies are needed to
confirm this effect.

Clincialtrials.gov registration: NCT02726542

Introduction

Non-alcoholic fatty liver disease (NAFLD) is a leading cause of liver disease in adolescents
and young adults. Over the past 3 decades, in conjunction with rising obesity, the prevalence
of NAFLD in adolescents and young adults has more than doubled (1, 2), such that the
current prevalence of NAFLD among individuals with obesity in this age group is estimated
at up to 38-45% (3, 4). More concerningly, 20% of adolescents with NAFLD show signs of
nonalcoholic steatohepatitis (NASH), characterized by inflammation, hepatocellular injury
and fibrosis (5, 6). In many, NASH will progress to advanced fibrosis and cirrhosis,

causing significant morbidity. Effective treatment options for NAFLD in adolescents and
young adults are limited. Lifestyle modification is effective in reducing hepatic lipid and
biomarkers of liver injury (7, 8), but these efforts are difficult to maintain over the long-term.
Thus, there is significant need to better understand the pathophysiology of NAFLD in
adolescents and young adults and to explore possible pharmacologic strategies.

We and others have reported significant reductions in growth hormone (GH) in adolescents
and adults with obesity (9-11). Furthermore, human studies and animal models implicate
reduced GH and insulin-like growth factor-1 (IGF-1) signaling in the pathogenesis of
NAFLD (12, 13). In humans, pituitary GH deficiency is associated with increased risk

for NAFLD and NASH, and GH replacement improves histological findings of NAFLD
(14-16). In an adult population with HIVV-associated NAFLD, we have demonstrated that
augmentation of GH using a GH releasing hormone (GHRH) analog significantly reduces
liver fat (17). However, to our knowledge, the effect of GH treatment in reducing liver

fat in young adults with NAFLD has never been tested. Our objective in this pilot study
was to determine whether treatment with recombinant human GH (rhGH), somatropin,
may reduce liver fat in young adults with obesity and NAFLD and below-average IGF-1
levels (suggesting relative baseline reductions in endogenous GH). We hypothesized that,
compared to no treatment, rhGH therapy would decrease hepatic fat fraction as measured by
1H-Magnetic Resonance Spectroscopy (*H-MRS).

Materials and Methods

Study design and participants

We conducted a randomized, open-label, 6-month trial of 24 participants at the
Massachusetts General Hospital (MGH) in Boston, MA, USA. Eligible participants were
young adults 18 to 29 years of age with BMI >30kg/m? and hepatic fat fraction (HFF)

of =5% on 1H-MRS (18). Participants were required to have IGF-1 z-scores less than
average (IGF-1 z-score <0), suggesting relative reductions in endogenous GH, but could not
have a known clinical diagnosis of pituitary GH deficiency or another condition known to
affect the GH axis. Participants with heavy alcohol use (>14 drinks per week for women
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or >21 drinks per week for men) were excluded, as were participants with significant

liver disease as indicated by alanine aminotransferase (ALT) or aspartate aminotransferase
(AST) concentrations greater than 2.5 times the upper limit of normal (ULN), total bilirubin
greater than ULN, hemoglobin less than 11.0g/dL (6.89mmol/L), positive hepatitis B surface
antigen, positive hepatitis C antibodies, or known diagnoses of a1 antitrypsin deficiency,
Wilson’s disease, hemochromatosis, or autoimmune hepatitis. Other exclusion criteria were
as follows: known cirrhosis, history of or active malignancy, use of chronic systemic
corticosteroids, use of growth hormone in the past year, use of weight-loss medications

or previous weight loss surgery, diagnosis of diabetes or use of antidiabetic medications.
Participants reporting use of any antihypertensives or lipid-lowering medications within the
3 months prior to study entry were required to have had stable use of such medications
during that time. Participants reporting use of vitamin E or ursodiol within the 6 months
prior to study entry were required to have had stable use of these medications during

that time. Female participants who were pregnant or breastfeeding were excluded, and
those reporting use of oral estrogen/progesterone contraceptives or depot progesterone
formulations within the 12 months prior to study entry were required to have had

stable use of these medications during that time. Hormone-releasing intrauterine devices
were permitted. Potentially eligible participants were recruited from the greater Boston
area through advertisements at ambulatory care practices including pediatric and adult
gastroenterology and obesity clinics as well as website advertisements. All participants
provided written informed consent. The study was approved by the MGH Institutional
Review Board.

Randomization and Treatment

Procedures

Participants were randomized in a 1:1 ratio to somatropin (Norditropin®) or no treatment.
The study was open-label, and placebo was not used to avoid daily injections without benefit
for participants randomized to no treatment. The randomization list was prepared by the
study statistician, stratified by sex and vitamin E use =400 IU/day. Somatropin was started at
a dose of 0.5mg daily and adjusted according to IGF-1 z-score at 2, 4, 6, 12, and 18 weeks

in order to reach a target z-score between 0-2. A 20% dose increase was performed for any
rhGH-treated subject with IGF-1 z-score <0. Conversely, a 20% decrease was performed for
any rhGH-treated subject with IGF-1 z-score >2. Participants received somatropin (or no
treatment) for 24 weeks.

The study was 24 weeks in duration, with visits at baseline, 12 weeks, and 24 weeks for
all subjects, and additional safety visits at 2, 4, 6, and 18 weeks for those randomized

to somatropin. All participants received nutritional counseling from clinical research
nutritionists at baseline and 24 weeks. Visits were conducted in the fasting state. The
screening visit included history and physical examination, laboratory investigations for
eligibility, magnetic resonance imaging (MRI) to assess cross-sectional area of visceral
adipose tissue (VAT) and subcutaneous adipose tissue (SAT), and IH-MRS of the liver
for quantification of HFF. For quantification of VAT and SAT, a T1 water-suppressed
axial single slice was obtained at the level of the L4 vertebra, and cross-sectional area of
VAT and SAT was measured by semi-automated tracing with manual adjustment (ViTrak/
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Acculmage, EFilm, Inc.). The radiologist performing measures of VAT, SAT, and liver

fat was not aware of treatment assignment. VAT, SAT, and HFF from the screening visit
were used as the baseline measures. The baseline assessment included the following:
standard 75¢g oral glucose tolerance test with glucose assessment at 0 and 120 minutes;
clonidine-arginine GH stimulation test; whole body dual energy x-ray absorptiometry
(DXA); fasting assessment of liver function tests, lipids, serum inflammatory markers, and
IGF-1; bionutrition assessment including 24-hour food recall and anthropometric measures
done in triplicate; and questionnaires derived from the Centers for Disease Control and
Prevention 2013 Standard High School Youth Risk Behavior Survey. These assessments
were repeated at 24 weeks along with repeat MRI and 1H-MRS.

GH stimulation testing with clonidine and arginine was performed with administration of
clonidine 200mcg/m?2 (maximum 250mcg) orally at time 0 and continuous intravenous
infusion of 30g arginine between 0-30 minutes, with measurement of GH values at 0,
30, 60, 90, and 120 minutes. Biochemical analyses were performed at the MGH clinical
laboratory, LabCorp, and Quest Laboratories. IGF-1 was measured centrally at Quest
Laboratories.

Outcomes and Statistical Analysis

The prespecified primary endpoint was change in HFF between baseline and 24 weeks. HFF
was measured with IH-MRS in the morning, fasting, and was calculated as the area under
the spectroscopic lipid peak divided by the total area under the water and lipid peaks. Image
acquisition followed a standard protocol and liver fat content was quantified by a radiologist
who was not aware of treatment assignment. Prespecified secondary endpoints were changes
after 24 weeks in ALT, AST, y-glutamyl transferase (GGT), VAT area, fasting lipids, CRP,
and fasting and 2-hour glucose and insulin. Prespecified endpoints related to safety included
measures of glucose homeostasis, namely fasting glucose and HbA1c.

A sample size of 24, assuming a discontinuation rate up to 20%, had 80% power to

detect an absolute reduction of 4.2 percentage points or more in HFF over 24 weeks in

the rhGH group compared to the no treatment group by using a two-sample two-sided
t-test at 5% significance level. For all endpoints, an intention-to-treat analysis was done,
using all available data, with missing data mechanism was assumed to be missing at
random (MAR). Per the prespecified analysis plan, differences between groups in change
in variables measured only at baseline and 24 weeks, including the primary endpoint of
HFF, were assessed using a two-sample Student’s t-test. Differences between groups in
categorical variables were assessed using a likelihood ratio chi-square test. One individual
moved out of state prior to completing the study and had an early final assessment, including
MRI/MRS, at his 18-week visit. This individual was included in the primary analysis but
was excluded in a secondary sensitivity analysis. GH stimulation test results were available
for 19 participants. Statistical analyses were performed with JMP Pro, version 15 (SAS
Institute Inc., Cary, NC). This study was registered on Clinical Trials.gov, NCT02726542.
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Participant flow is shown in the Consort Diagram in Figure 1. Of 103 participants screened,
24 were eligible and randomized between May 19, 2017 and August 14, 2019. Two
participants in the rhGH group discontinued before the baseline visit and never had drug
initiation. One participant in the rhGH group and one participant in the no treatment group
were lost to follow up prior to their final visit. One participant in the rhGH group was
unable to undergo the 24-week MRI assessment due to anxiety, and one participant in the no
treatment group was unable to undergo their 24-week MRI due to the COVID-19 pandemic.
The overall discontinuation rate was not significantly different between the two groups
(p=0.36).

Baseline clinical characteristics and measures of body composition and metabolism were
similar between groups (Table 1, Table 2), except that baseline serum IGF-1 was lower in
the GH group compared to the no treatment group (p = 0.01); however, IGF-1 z-score did
not differ between groups. Fifty-four percent of the cohort was comprised of females, and no
participants were taking Vitamin E. Mean BMI among the entire cohort at baseline was 39.9
+ 6.8 kg/m?, and mean HFF was 11.3 + 7.2%. Thirteen of 24 participants (7 in the rhGH
group and 6 in the no treatment group) had elevated ALT (=30 U/L for males or =19 U/L for
females) at the screening visit (19).

Hepatic Endpoints

Compared to no treatment, the effect size of rhGH on absolute HFF over 24 weeks was
-3.3% (95% confidence interval —7.8%, 1.2%; p = 0.14; Table 2, Figure 2A), corresponding
to a relative reduction in HFF of —36% (95% CI -88.4%, 15.9%; p = 0.16). Figure 2B shows
individual changes in HFF for each participant. At 24 weeks, 5 of 9 individuals in the rhGH
group (55.6%) versus 1 of 9 individuals in the no treatment group (11.1%) had achieved
HFF < 5%, below the threshold for NAFLD (p = 0.04). In a secondary analysis excluding
the individual in the rhGH group who had assessment of HFF early due to moving out of
state, the effect size of rhGH on absolute HFF was —4.6% (95% CI —8.3%, -0.9%; p =
0.02), corresponding to a relative reduction in HFF of —51.5% (95% CI -94.6%, —8.4%; p
=0.02). rhGH did not significantly reduce ALT AST, or GGT over the treatment period,
although effect sizes suggest the possibility of modest reductions, particularly in GGT (Table
2). Adjusting for changes in BMI or VAT during the study attenuated the effect of GH on
liver fat content (absolute effect size adjusting for BMI -2.7% [95% CI -7.9, 2.5], p = 0.29;
absolute effect size adjusting for VAT -2.7% [95% CI -6.8, 1.4], p = 0.19). Among the
entire study cohort, changes in HFF were strongly associated with changes in VAT (r = 0.49,
p = 0.04) but not changes in SAT (r = 0.24, p = 0.34), total fat (r = 0.37, p = 0.16), or BMI (r
=0.29, p = 0.25).

Body Composition and Metabolic Endpoints

Changes in body composition and metabolic endpoints are shown in Table 2. At 24
weeks, participants in the rhGH group had a decrease in BMI compared to those receiving
no treatment. This represents a combination of modest reductions in both fat mass and
lean mass in the rhGH group. rhGH did not significantly reduce VAT, SAT, or waist
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circumference, although effect sizes suggest possible modest reductions. There was no
effect of rhGH on LDL-cholesterol, HDL-cholesterol, or triglycerides. rhGH also did not
significantly affect fasting glucose or 2-hour glucose following 75g glucose challenge.

Changes in Nutritional Intake and Activity

There were no significant differences between groups in changes in estimates of daily
caloric intake by 24-hour food recall over 24 weeks (419.9 + 2643.8 in the rhGH group
versus —127.1 + 687.4 kcal/day in the no treatment group, p = 0.59) nor in macronutrient
intake (data not shown). There were also no significant differences between groups in
changes in grams of alcohol consumed per week (-0.02 £ 0.15 in the rhGH group versus
-0.02 + 0.08 g/day in the no treatment group, p = 0.94) reported by 24-hour food recall.

Safety and Adherence

One serious adverse event, a hospitalization for psychiatric reasons in a patient with history
of previous hospitalizations for psychiatric reasons, was seen in the rhGH group and

was judged unrelated to study drug. No participants had fasting glucose above 7mmol/L
(126mg/dL) at any point in the study, nor did any subject have a 2-hour glucose level
>11.2mmol/L (200mg/dL) following oral glucose load at the baseline or 24-week oral
glucose tolerance test. Five subjects in the rhGH group compared to one subject in the

no treatment group complained of mild headaches during the study. Four subjects in the
rhGH group experienced injection-site bruising. One subject in the rhGH group complained
of jaw stiffness and pain. No subjects complained of edema or extremity swelling. There
were no drug-related reasons for discontinuation from the study. Other reasons for study
discontinuation are outlined in Figure 1.

Adherence to daily injections was measured by change in IGF-1 z-score. Participants in

the rhGH group had an average increase of 1.1 + 0.8 in IGF-1 z-scores, and participants

in the no treatment group had an average decrease of —-0.3 £ 0.6 in IGF-1 z-score (Table

2, Figure 3). The average IGF-1 z-score in participants at the 24-week visit was 0.4 + 0.9

in the rhGH group versus —0.5 + 0.7 in the no treatment group. Within the rhGH group,

one participant had an IGF-1 z-score over the prespecified dose-reduction threshold during
the study and required a dose reduction to 0.4mg. Three participants had IGF-1 z-scores
below the prespecified dose-increase threshold: one required 2 dose increases to 0.7mg, one
required 3 dose increases to 0.8mg, and one required 4 dose increases to 0.9mg daily.

Relationships between GH, IGF-1, Hepatic and Metabolic Endpoints, and Body
Composition at Baseline

Among the entire cohort at baseline, higher peak GH on arginine-clonidine stimulation
testing was associated with a trend toward lower VAT (r = —0.40, p = 0.09) and was not
associated with HFF (r = -0.11, p = 0.64) or BMI (r = -0.30, p = 0.21). There was a
significant inverse relationship between peak GH and CRP (r = —-0.52, p = 0.02) and a
significant positive association with HDL (r = 0.57, p = 0.01), with no relationships with
LDL or triglycerides. There were no associations between peak GH and ALT (r=0.12,p =
0.63), AST (r =0.19, p = 0.44), or GGT (r = 0.33, p = 0.17). In subgroup analyses by sex,
females demonstrated associations between peak GH and body composition parameters (r =
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-0.65, p = 0.03 for VAT, r = -0.79, p = 0.004 for BMI, and r = -0.51, p = 0.11 for HFF),
as well as a possible relationship between peak GH and ALT (r = -0.49, p = 0.13), whereas
none of these relationships was present in males.

Differential relationships by sex were also seen in baseline relationships between IGF-1 z-
score and hepatic measures. Among the entire cohort, there were no associations at baseline
between IGF-1 or IGF-1 z-score and HFF, ALT, AST, or GGT. In subgroup analyses by sex,
however, males demonstrated associations between IGF-1 z-score and ALT (r =-0.71,p =
0.02), GGT (r=-0.75, p = 0.01), and AST (r = -0.59, p = 0.07), whereas these associations
were not present in females.

Among the entire cohort at baseline, HFF was strongly and positively correlated with VAT (r
=0.49, p = 0.01) but not SAT (r = 0.17, p = 0.42), waist circumference (r = 0.22, p = 0.33),
or BMI (r=0.14, p = 0.53). As expected HFF was strongly and positively associated with
ALT (r=0.71, p=0.000), AST (r = 0.66, p = 0.0008), and GGT (r = 0.59, p = 0.004) at
baseline.

Discussion

This pilot study administered rhGH titrated to IGF-1 z-score between 0 and 2 to young
adults with obesity and IGF-1 z-scores below 0 at study entry, over 24 weeks, with the
hypothesis that rhGH would reduce liver fat content in this group. Although there was not

a statistically significant reduction in HFF, the rhGH effect size (-3.3% [95% CI -7.8 to
1.2%] absolute and —36% [-88.4 to 15.9%] relative change in HFF) suggests a magnitude
of change that may be clinically significant and may warrant investigation in larger studies.
Further, a significantly greater number of individuals in the rhGH group had “resolution” of
steatosis to < 5% on H-MRS compared to those in the no treatment group. These changes
may have been attributable in part to a reduction in BMI during the study in participants
receiving rhGH. We did not note any significant effects of rhGH on ALT, AST, or GGT.

The known physiologic actions of GH, combined with evidence from multiple animal
studies, strongly suggest a role for GH in mediating hepatic lipid content. Stable isotope
studies demonstrate that approximately 60% of stored hepatic triglyceride is derived from
uptake of circulating free fatty acid, 25% from hepatic de novo lipogenesis (DNL), and 15%
from dietary fat intake (20). Relative reductions in GH are associated with increased VAT
(10, 11), a highly lipolytic depot providing a substantial source of free fatty acid to the
portal vein. Further, GH inhibits hepatic DNL, and treatment with rhGH has been shown to
reduce DNL in both animal (21-25), and human (26) models. Liver-specific GH-receptor
knock-out (LGHRKO) mice have significantly increased hepatic lipogenesis and severe
hepatic steatosis, both of which are reversed with adenovirus-mediated rescue of GHR
expression (12). Similarly, the spontaneous dwarf rat, which has a GH gene mutation, also
demonstrates hepatic steatosis and fibrosis that can be reversed by treatment with exogenous
GH (13). Consistent with these animal data, human studies show a higher prevalence of
NAFLD and NASH in patients with pituitary GHD, with improvements in NAFLD and
NASH following GH replacement (14, 15, 27).
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To date, studies of the effects of rhGH on NAFLD are largely limited to individuals with
pituitary GH deficiency (14, 15, 27, 28). Obesity is associated with relative reductions

in endogenous GH secretion (9-11, 29), such that many individuals with obesity have a
relative physiologic GH deficiency that is reversible with weight loss (30). Physiologic
rhGH replacement in individuals with obesity has previously been shown to reduce visceral
fat and/or overall body fat mass (31-33), and use of a GHRH analog to increase endogenous
pulsatile GH has also been shown to reduce visceral fat and systemic inflammation in men
and women with abdominal obesity and relative reductions in endogenous GH secretion
(34). In individuals with HIV-infection, GHRH analog is used to reduce visceral fat and also
has recently been shown to reduce liver fat and decrease the rate of fibrosis progression in
individuals with HIV-infection and NAFLD (17, 35).

To our knowledge, the current data represent the first reported effects of rhGH on liver fat
content in a randomized trial in individuals with obesity and NAFLD. These pilot data are
not definitive but suggest a possible effect of rhGH to reduce hepatic fat content. This effect
was partly attenuated when adjusting for changes in BMI or VAT, such that our data do

not necessarily support an effect of GH to reduce liver fat independent of changes in body
composition. Further, we saw a strong association between changes in VAT and changes

in liver fat over the 24 weeks of the study. Existing literature suggests that rhGH achieves
reductions in VAT, a modest decrease in body fat mass, and a modest increase in lean mass
(31, 32). Significant reductions in overall BMI are usually not reported. We cannot be sure
if the changes in BMI seen in our rhGH group are attributable to GH or to other factors
independent of treatment assignment, and these results should be interpreted with caution in
this pilot study.

The 36% relative liver fat reduction seen in our study is less than that reported with
pioglitazone and FGF19 agonist, but relatively similar to effects reported with many other
agents for which TH-MRS or proton density fat fraction data from MRI are available.
Pioglitazone has repeatedly shown benefit to decrease liver fat, with relative reductions of
roughly 45-55% by MRI or MRS (36-38). More recently, glucagon-like peptide-1 (GLP-1)
agonists have shown relative liver fat reductions of 30-45% (39-41); the GHRH analog
tesamorelin has shown 37% relative reduction (17); resmetirom, a liver-directed selective
thyroid hormone receptor-p agonist has shown a relative reduction of 29% (42); the FGF21
analog pegbelfermin has shown approximately 30-35% relative reduction over only 16
weeks (43); and an FGF19 agonist achieved 48-60% relative reduction over only 12 weeks
(44). Importantly, current United States Food and Drug Administration guidance on trials for
NAFLD and NASH does not support reduction in liver fat content as a meaningful clinical
endpoint; rather, reductions in inflammation and/or fibrosis by serial biopsy are required to
demonstrate efficacy in reducing liver-related morbidity and mortality (45). Accordingly, the
comparison of liver fat reduction above does not necessarily correlate with clinical efficacy
against NAFLD/NASH. Additionally, the comparison does not include Phase 2b/3 trials
with biopsy-based outcomes for agents including liraglutide (46) and obeticholic acid (47).
Our data are not intended to suggest rhGH as a treatment for NAFLD/NASH, but rather to
further support meaningful effects of GH in regulating liver fat content.
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Our study has multiple limitations of note, primarily the small sample size in this pilot
investigation. Our study was powered for complete data on 19 participants, and we had
complete data on 18 for HFF. Secondary endpoints are likely further underpowered, such
that lack of effect in this study cannot be interpreted as definitive evidence of no effect.
Additionally, our participants were chosen based on >5% steatosis by 1H-MRS; we did

not perform liver biopsies or surrogate tests for fibrosis, and many of our participants

likely had simple steatosis rather than NASH. Thus, while we did not see effects on

ALT, AST, or GGT, these results might have differed in a cohort chosen specifically for
NASH. Additionally, the use of IGF-1 z-score <0 as an inclusion criterion is not a perfect
means to select individuals with GH deficiency, as some individuals with low responses to
provocative stimulation of GH have normal IGF-1 levels, and some people with lower IGF-1
levels have normal GH response to provocative stimulation. Both arginine and clonidine
are provocative agents used to stimulate GH secretion (48, 49), but this is not a standard
clinical testing protocol, and we did not aim to diagnose GH deficiency in our participants,
who were otherwise healthy adults who likely but not definitively had relative reductions in
GH secretion due to obesity based on below-average serum IGF-1. Provocative GH testing
protocols have relatively high intra-individual variability when performed in individuals
without pituitary GH deficiency (50), and we consider our results regarding associations

of peak stimulated GH with body composition and metabolic variables to be exploratory

in nature. Duration of GH treatment may have affected results. Although many studies
have shown reductions in liver fat after 6 months or less, it is possible that continuing
reductions may take place with further treatment or, less likely, that rebound effect may
occur with longer duration. We also chose not to use an identical placebo, such that

we are comparing the effects of rhGH to the natural history of NAFLD but may not be
capturing placebo effect. BMI was reduced in the treatment group, and adjustment for BMI
attenuated the effect of rhGH on liver fat. BMI reduction is not a commonly observed effect
of rhGH administration and may have been attributable to lifestyle changes that subjects
made related to their knowledge of treatment assignment. Finally, as discussed above,
hepatic lipid content is of physiological interest, and is likely to be relevant as the first

step in development of NASH, but changes in inflammation and fibrosis are more relevant
endpoints with regard to liver-specific morbidity and mortality. Strengths of our study
include a focus on young adults, a population that is relatively understudied in investigations
of NAFLD and dose titration to maintain IGF-1 levels between 0 and 2 standard deviations
above the mean for age and sex.

In summary, our data demonstrate that treatment with rhGH may have the potential to reduce
liver fat content, and, in this small cohort, did not disturb glycemia or result in significant
adverse events. Additional larger studies, as well as studies with endpoints based on liver
biopsy, would be necessary to support the clinical relevance of this finding.
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103 participants assessed for eligibility

79 excluded
70 did not meet inclusion criteria
54 IGF-1 z-score >0
13 liver hepatic fat fraction < 5%

v

h 4

1 unable to undergo MRI
2 exclusionary lab abnormality
3 declined to participate
6 lost to follow-up before
completion of screening procedures

24 eligible and randomized

13 allocated to somatropin

11 allocated to “no treatment”

2 lost to follow-up before
baseline, no intervention

v

11 received intervention

h 4

1 lost to follow-up
1 unable to undergo final MRI

A 4

9 included in primary analysis of MRI/MRS
10 included in analysis of lab values

Figure 1:

v

11 received “no treatment”

v

1 lost to follow-up
1 unable to undergo final MRI

9 included in primary analysis of MRI/MRS
10 included in analysis of lab values

CONSORT Diagram outlining the flow of subjects through the study.
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Figure 2:

(A) Box-plot representation of the change in hepatic fat fraction in each treatment group
between baseline and 24 weeks, with the middle bar representing the median, boxes
representing interquartile range, and whiskers representing 95" percentile. (B) Baseline and
24 week HFF for each participant by treatment group.
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Figure 3:
(A) Box-plot representation of the change in IGF-1 z-score, with the middle bar representing

the median, the boxes representing interquartile range, and the whiskers representing 95t
percentile. (B) IGF-1 z-score (mean with standard deviation) at each timepoint in each
treatment group.
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Table 1:

Baseline Demographic and Clinical Characteristics

GH No treatment
(N=13) (N=11)
Sex [N (%) Female] 7 (53.9%) 6 (54.6%)
Age (years) 25(3) 23 (4)
Race [N (%)]
American Indian or Alaskan Native 1(7.7%) 0 (0%)
Asian 1(7.7%) 1(9.1%)
White 9 (69.2%) 6 (54.6%)
Other or more than 1 race 2 (15.4%) 4 (36.4%)
Ethnicity [N (%) Hispanic] 4 (30.8%) 4 (36.4%)
Smoking status
Current 1(7.7%) 1(9.1%)
Former 0 1(9.1%)
Never 12 (92.3%) 9 (81.8%)
Current lipid-lowering medications 0 1(9.1%)
Hepatic fat fraction 12.1% (7.2%) | 10.4% (7.6%)

Page 17

Continuous data are presented as mean (Standard Deviation). There are no statistically significant differences between GH and No Treatment

groups.
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