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GLP-1 receptor agonists: differentiation within the class
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Glucagon-like peptide 1 (GLP1) functions as an incretin, which promotes insulin secretion
in response to oral glucose. Multiple pharmaceutical companies have developed GLP1
receptor agonists, including six drugs approved to treat diabetes and/or obesity. These drugs
provide multiple therapeutic benefits, including improved glycemic control and weight loss.
In this issue of Lancet Diabetes & Endocrinology, Bethel et al report a meta-analysis of
cardiovascular outcome studies with four GLP1 receptor agonists?~>, concluding that GLP1
receptor agonists provide consistent reduction of cardiovascular risk notwithstanding the fact
that only the studies with liraglutide? and semaglutide3 met prespecified criteria for
statistical significance. The ELIXA study with lixisenatide? did not reveal any trend toward
cardioprotection. The EXSCEL study of exenatide represented a “near miss” with respect to
statistical significance (hazard ratio of 0.93, 95% confidence interval, 0.83-1.00)°. Had the
upper bound of the 95% confidence interval been 0.99 rather than 1.00, the study might have
been judged to have met its primary end-point. Although the American Statistical
Association has emphasized the limitations of the p<0.05 criterion8, regulatory agencies tend
to take a legalistic approach and enforce p-values strictly.

While the meta-analysis emphasized commonalities among the four cardiovascular outcome
studies, this Commentary takes a complementary approach by discussing differentiation
among GLP1 receptor agonist drugs. Multiple head-to-head trials of GLP1 receptor agonists
demonstrated varying degrees of HbAlc-lowering. To account for differences in study
design, we carried out a ‘normalization’ procedure based on pairwise comparisons within
individual head-to-head studies (Fig. 1), which suggests the following rank order for mean
glycemic efficacy for approved doses of each drug:

semaglutide > dulaglutide~liraglutide > exenatide/BYDUREON-~albiglutide > exenatide/BYETTA > lixisenatide
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What accounts for the differences in mean HbAlc-lowering? Available data suggest that the
different clinical profiles are determined primarily by dose selection. Pharmaceutical
companies conduct Phase 2 dose-ranging studies to select dose(s) to be investigated in Phase
3 studies. Health Authorities decide which dose(s) to approve for marketing. Typically,
doses were selected to optimize the balance between glycemic efficacy vs. side effects. If the
selected dose is near the top of the dose-response curve, this will favor greater glycemic
efficacy. If a lower dose is selected (e.g., to minimize nausea and vomiting), this will result
in less glycemic efficacy. Some companies invest considerable time and money to select the
optimal dose by conducting large studies of multiple closely spaced doses. Other companies
save money by conducting smaller studies of widely spaced doses. This cost-saving
approach runs the risk of not selecting the optimal dose and not achieving a best-in-class
clinical profile.

Based on this interpretation, we hypothesized that cardiovascular protection might follow
the same dose-response curve as observed for HbAlc-lowering. To test this hypothesis, we
plotted hazard ratios for cardiovascular risk reduction as a function of normalized HbAlc-
lowering observed in various head-to-head trials’~12. HbA1c-lowering provides a
pharmacodynamic biomarker to place the approved dose on the dose-response curve for
GLP1 receptor activation. Despite limitations of this analysis (especially, reliance on an
approach to normalize values of HbAlc) we observed a remarkable degree of correlation
(r=0.998) between the point estimate for cardiovascular risk reduction and normalized
HbAlc-lowering (Fig. 1). This analysis suggests that the lack of apparent cardioprotection in
ELIXA may be caused by selection of a lixisenatide dose that is too far to the left on the
dose-response curve. Critical differences in the study design might also have contributed to
the absence of cardioprotection with lixisenatide. Whereas ELIXA was conducted in the
setting of acute coronary syndrome?, LEADER, SUSTAIN-6, and EXSCEL were conducted
in a chronic setting23>,

Other factors also have potential to impact the clinical profile. GLP1 receptor agonists vary
greatly with respect to pharmacokinetic profile. Short-acting compounds tend to have large
peak:trough ratios. If peak drug levels are too high, this predisposes to nausea and vomiting.
If trough drug levels are too low, this compromises glycemic efficacy. Furthermore, GLP1
receptor agonists vary widely with respect to molecular weight, ranging from 3751 daltons
for liragutide to 72,970 daltons for albigutide. Large compounds might be impaired in their
ability to access certain target cells — e.g., CNS cells protected by the blood-brain barrier.
Finally, the six approved GLP1 receptor agonists are based on two distinct molecular
structures. Whereas liraglutide, semaglutide, dulaglutide, and albiglutide are covalently
modified analogs of human GLP1, exenatide and lixisenatide are based on the structure of
Gila monster exendin-4. Exendin-4 possesses a nine amino acid C-terminal extension which
is absent from GLP1. This C-terminal nonapeptide increases the affinity for binding to
GLP1 receptors13. It is theoretically possible that this enhanced binding interaction might
alter signaling downstream from the GLP1 receptor.

Finally, one additional point is worthy of emphasis. All four cardiovascular outcome studies
focus on analysis of mean data, and implicitly support a “one size fits all” therapeutic
approach. However, there is considerable inter-individual variation with respect to the
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magnitude of clinical benefit, suggesting that a personalized medicine strategy would enable
physicians to select the best drug for each patient. For example, both lirgalutide and
exenatide provided obese patients (BMI >30) with greater cardiovascular risk reduction;
whereas patients with BMI <30 derived little or no cardioprotection?3. Future research will
be necessary to clarify how BMI or other clinical criteria should be taken into account when
predicting the magnitude of clinical benefit likely to be provided by specific diabetes drugs.
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Figure. Magnitude of cardioprotection is correlated with HbAlc-lowering
Hazard ratios from SUSTAIN-6, LEADER, EXSCEL, and ELIXAZ2 are plotted on the

vertical axis as a function of ‘normalized” HbAlc-lowering plotted on the horizontal axis. To
account for variation in study design among six head-to-head efficacy studies’~12, HbA1c-
lowering data were normalized as follows:

. Normalized HbAlc-lowering for short-acting exenatide/BYETTA was defined as
1.00%.

. Normalized HbA1c-lowering for lixisenatide was calculated based on head-to-
head comparative efficacy data obtained in the GetGoal-X study’. Observed
HbALc-lowering was 0.96% for short-acting exenatide/BYETTA and 0.79% for
lixisenatide, corresponding to an Efficacy Ratio of 0.82 (=0.79% / 0.96%). A
normalized HbA1c-lowering for lixisenatide of 0.82% was calculated by
multiplying the Efficacy Ratio (0.82) times the normalized HbAlc-lowering for
short-acting exenatide (1.00%).

. Normalized HbAlc-lowering for long-acting exenatide/BYDUREON was
calculated in a similar fashion based on comparative efficacy data in the
DURATION-1 study8. This yielded a value of 1.27% as the normalized HbA1c-
lowering for long-acting exenatide [BYETTA].

. The DURATION-6° and SUSTAIN-310 studies reported Efficacy Ratios of 1.16
and 1.67 for liraglutide and semaglutide, respectively, relative to extended-
release exenatide/BYDUREON. These calculations yield values for normalized
HbAlc-lowering of 1.47% and 2.12% for liraglutide and semaglutide,
respectively.

Lancet Diabetes Endocrinol. Author manuscript; available in PMC 2019 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Taylor

Page 5

. The AWARD-61 and HARMONY-712 studies reported Efficacy Ratios of 1.04
and 0.79 for dulaglutide and albiglutide, respectively, relative to liraglutide.
These calculations yield values for normalized HbAlc-lowering of 1.53% and
1.16% for dulaglutide and albiglutide, respectively.
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