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Traditionally, non-alcoholic steatohepatitis (NASH) 
has been associated with insulin resistance-related 
clinical conditions, such as overweight and type 2 
diabetes. However, a quantitative association between 
subclinical low thyroid function and hepatic steatosis 
has been shown in a population-based study1 and 
in a study of people with type 2 diabetes,2 which is 
independent of metabolic comorbidities.3 Incident 
steatosis occurs more often with higher baseline 
thyrotropin concentrations.4,5 In rodents, mild 
hypothyroidism increases adipose tissue lipolysis, with 
subsequent hepatic fat accumulation. These changes 
lead to hepatic insulin resistance and increased glucose 
production, which exacerbates liver fat through 
hepatic lipogenesis.6 The histological severity of both 

steatohepatitis and fibrosis increases with increasing 
concentrations of thyrotropin, even in the sublinical 
or high normal range.7 The findings that, in proportion 
to the severity of liver damage, the hepatic activity of a 
thyroid hormone activating deiodinase is reduced and 
that of a deiodinase that degrades thyroid hormone is 
increased further suggest that damaged hepatic tissue 
is in a state of deficiency in active thyroid hormones.8 
These findings are problematic, because thyroid 
hormones can reduce liver steatosis mainly through 
the induction of lipophagy and restoration of a healthy 
mitochondrial capacity.9 They might also interfere 
with fibrogenic pathways by inhibiting transforming 
growth factor β signalling,10 thereby preventing fibrosis 
progression. Additionally, they carry distinct lipid-
lowering actions over a broad range of atherogenic 
lipoproteins, such as LDL cholesterol, large VLDL, 
apolipoprotein B, and lipoprotein(a).

Because liver and cardiovascular disease are the main 
causes of death in NASH patients, thyromimetics are 
appealing NASH therapies, provided that the activation 
of the α isoform of the thyroid receptor, which is 
responsible for the myriad clinical manifestations of 
hyperthyroidism, including tachycardia, defective bone 
metabolism, and muscle wasting, can be avoided. 
Previous attempts at designing selective thyromimetics 
were unsuccessful, resulting in unwanted side-effects, 
but resmetirom is a new, oral, liver-directed, highly 
selective thyroid receptor β agonist.11

In The Lancet, Harrison and colleagues12 randomly 
assigned 125 patients (63 [50%] female) to receive 
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resmetirom (n=84) or placebo (n=41) for 36 weeks. 
They report an early reduction in liver fat content, 
with a mean difference from baseline over placebo of 
–22·5% (95% CI –32·9 to –12·2, p<0·0001) at 12 weeks, 
and a significant improvement in the pro-atherogenic 
lipid profile of NASH patients treated with resmetirom. 
Histological data showing resolution of NASH and 
fibrosis reduction (at least in patients with NASH 
resolution), two regulatory approvable endpoints, 
strongly favour a liver benefit; the lipid results suggest 
potential for cardiovascular benefit as well. The drug 
was weight neutral and without benefits on glycaemic 
control. It was well tolerated, a must for long-term 
therapy in mostly asymptomatic patients.

These are promising and welcome results for this 
new class of drugs. But some limitations of this 
phase 2 trial must be kept in mind. The sample size 
was modest and the histological outcomes, arguably 
the most important for patient benefit, were only 
analysed as secondary endpoints. At least half of the 
patients had early or no fibrosis, which, together with 
the short duration (<1 year) could explain the absence 
of antifibrotic effect in the resmetirom group. Some 
placebo patients with substantial weight loss were 
discarded from the analysis, which is understandable for 
exploratory purposes but reduces the overall robustness 
of the findings—resolution of steatohepatitis was no 
longer significant when they were kept in the analysis. 
The authors also adopted a definition of resolution of 
steatohepatitis that includes an additional requirement 
for a reduction in an aggregate score of steatosis, 
hepatic cell injury, and inflammation. This definition 
could favour potent antisteatogenic drugs without 
necessarily capturing a stronger anti-inflammatory 
effect. Because results using the usual definition 
(disappearance of ballooning with no or minimal 
inflammation, as per guidance from the US Food and 
Drug Administration) are not provided, comparisons 
with other trials are imperfect.

Despite these limitations, Harrison and colleagues 
provide valuable insight for early drug development in 
NASH. They show that a reduction in liver fat content 
is associated with NASH resolution, thus validating 
this MRI-based surrogate for proof-of-concept trials. 
The opposite was also true, although not generalisable 
because it might be dependent on the mechanism 
of action.13 Particularly informative is that hepatic 

fat reduction was associated with improvement 
in inflammation and liver cell injury, favouring the 
current model of lipotoxicity-mediated injury in 
NASH. The study also confirms that NASH resolution 
leads to fibrosis reversal. If this reversal results in 
fewer individuals progressing to cirrhosis (as current 
phase 3 trials are set to demonstrate), a big step 
towards reducing the duration of registration trials will 
be possible. Finally, although counterintuitive, alanine 
aminotransferase reduction seemed to be slower than 
liver fat loss. This finding could mean that, for certain 
drugs, early assessment of alanine aminotransferase 
response (at 12 weeks in proof-of-concept trials) might 
miss biochemical activity.

Whether resmetirom works better in patients 
with more pronounced hepatic hypothyroidism is 
unknown, and most patients in this trial presumably 
had low rather than high normal baseline thyroid 
stimulating hormone concentrations. Additionally, 
the pharmacodynamics of resmetirom showed 
considerable individual variability, which affected the 
magnitude of hepatic effects. Nonetheless, resmetirom 
establishes a new class of NASH drugs now moving 
into a large phase 3 trial, with considerable excitement 
for investigators and patients.
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On July 22, 2019, members of the HIV community 
seemed to breathe a collective sigh of relief when 
WHO recommended dolutegravir, a new antiretroviral 
medication, as the preferred first-line and second-line 
HIV treatment for all populations.1 The announcement 
followed more than a year of uncertainty and debate 
about the appropriateness of using the drug in women 
who are pregnant or of childbearing potential after 
preliminary data from a large surveillance study 
in Botswana showed a potential safety signal for 
dolutegravir and an increased risk of neural tube defects 
in periconceptually exposed infants.2 On the basis of the 
preliminary findings of this interim analysis, regulatory 
agencies cautioned against use of dolutegravir in 
women planning or at risk of pregnancy3,4 and many 
jurisdictions restricted use of the drug by women who 
were pregnant or of childbearing age.5

The WHO recommendation was largely a response 
to additional data from the Botswana study indicating 

a much lower risk of neural tube defects than 
originally estimated (prevalence of about three per 
1000 deliveries),6 other studies suggesting low or no such 
risk, studies modelling risks and benefits of alternative 
regimens,7 implementation considerations, and the 
views of people living with HIV. This recommendation 
was also the culmination of conversations that 
could point the way towards a more ethical 
approach to the generation of evidence for pregnant and 
childbearing women in the HIV context and beyond.

First, the debate over dolutegravir brought into 
sharp relief important evidence gaps for HIV treatment 
in pregnancy, leading the International AIDS Society to 
convene an expert panel8 and galvanising attention 
of the HIV community. Despite widespread use 
of antiretrovirals in pregnant women, there are 
incomplete data on fetal safety. This is true despite 
the inclusion of pregnant women in biomedical HIV 
research, most notably in successful efforts to prevent 
maternal-to-child transmission. But the dolutegravir 
debate heightened awareness of questions that 
remain about the relation between a range of drugs 
and birth defects and other neonatal outcomes.

The reasons for such evidence gaps are many. Most 
drug trials exclude pregnant women, and women who 
become pregnant during a trial are usually removed 
from the study. Therapeutics typically come to market 
with only animal data to inform fetal safety, and 
post-marketing surveillance needed to characterise 
any low-frequency risks, such as increases in rates of 
rare birth defects, have produced insufficient data 
(the Botswana study is a rare exception). Prospective 
surveillance efforts such as the Antiretroviral 
Pregnancy Registry have provided some data but are 
limited by low reporting, especially in low-income and 
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