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BACKGROUND

» Optimized acid suppression is critical for healing of erosive esophagitis."

» However, acid-suppressing drugs vary in their pharmacodynamics (PD) and,
consequently, their effectiveness.

» Maintenance of intragastric pH >4 for prolonged periods over the 24-hour day,
known as pH >4 holding-time ratio (HTR), is associated with higher erosive esophagitis
healing rates.*>

» Current guidelines for erosive esophagitis predominantly recommend proton pump
inhibitors (PPIs), with only a limited role for H,-receptor antagonists (H,RAs).
However, some patients experience incomplete healing.®®

» Potassium-competitive acid blockers (P-CABs), which are associated with
significantly higher pH HTRs than PPIs, may provide better rates of erosive
esophagitis healing.”™

» To understand the significance of differing PD profiles, gastric antisecretory activity
must be placed in the context of clinical improvement.

» The aim of this meta-analysis was to explore and model the relationship between
pH HTRs and erosive esophagitis healing rates with H,RAs, PPls and P-CABs.

METHODS

Systematic literature search

» We conducted a comprehensive computer-aided literature search using MEDLINE and
Embase (via Ovid) up to March 04, 2022 for fully published, English language studies
in adults >18 years of age.

» Two data sets were established:

1. Mean percentage of holding time (pH >4) from PD studies in healthy human participants
investigating the gastric acid-suppressing effect of H,RAs, PPIs or P-CABs at therapeutic
doses and steady state (defined as between days 5 and 8 of daily dosing for the PPIs
and P-CABs)

2. Healing rates from randomized clinical trials (RCTs) investigating H,RAs, PPIs or P-CABs
In erosive esophagitis

Data analysis

» Individual study pH results at days 5—8 were pooled by drug dose and regimen using
weighted means (weighted by size of the per-protocol population).

» Individual study healing rates were also pooled by week of assessment (week 4 and/or 8)
using a generalized linear mixed model, specifically a random intercept regression
model with a logit transformation.

» The two aggregated datasets for mean pH >4 holding times and erosive esophagitis
healing rates were merged by drug and dose in order to explore the relationship
between pH control in healthy participants with the healing rates obtained from
the RCTs.

» The merged dataset further contained information on drug class (H,RA, PPl or P-CAB)
and approval status in the United States (US) and European Union (EU).

» A non-linear mixed-effects model was developed to characterize and quantify the
relationship between pH >4 holding time (independent variable) and erosive esophagitis
healing rates at weeks 4 and 8 (dependent variable).

» Both approved and non-approved treatments were included in the model development,
but only approved treatments were included in the model simulations.

RESULTS

Systematic literature review
» The literature search identified 1,747 English language publications.

— After screening, 181 relevant studies were identified (Figure 1), including 80 for
pH HTR data and 101 for erosive esophagitis healing rates.

Figure 1. PRISMA diagram of study selection and disposition
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EE, erosive esophagitis; PD, pharmacodynamics; PK, pharmacokinetics.

» The 80 PD studies providing pH HTRs included 4,202 participants in 197 treatment arms.

» The 101 studies of erosive esophagitis included healing rate data for 42,155 subjects
(intention-to-treat) in 192 treatment arms.

» Data for 13 individual drugs were included.

Relationship between pH >4 holding times and erosive esophagitis healing rates
» A non-linear mixed effects model meta-analysis was performed in NONMEM.

» The final model characterized and quantified the relationship between pH >4 holding
times and erosive esophagitis healing rates using a maximum healing rate (E,,,) model
with logistic link function (Figure 2).

— Two levels of nested random effects (on drug and treatment level) were characterized.

— Time of the erosive esophagitis healing rate assessment (i.e., week 4 and/or 8) could only be
iImplemented as a categorical covariate since those were the only timepoints available.

— Additional significant covariates included the approval status (approved/not approved
in the US and/or EU) on the healing rate sensitivity (Eyr 50) and the between treatment
variability, as well as drug class (H,RA, PPl or P-CAB) on E g 5.

» The meta-analysis model successfully characterized the relationship between pH >4
holding times and erosive esophagitis healing rates across all included drugs and doses.

» The final model adequately described the available data, and all model parameters
could be estimated with good precision.

» Treatment duration and drug class significantly affected the healing rate sensitivity
(Figure 3).

— P-CABs were associated with higher efficacy range than H,RAs and PPIs.

— P-CABs achieved the longest periods of pH >4 for healing rates at all aggregated pH HTRs.
P-CABs also achieved the highest erosive esophagitis healing rates at weeks 4 and 8.

— P-CABs were predicted to attain median healing rates of approximately 90% by week 4,
whereas healing rates for H,RAs and PPIs increased through week 8 and remained
lower than those of P-CABs.

Figure 3. Predicted erosive esophagitis healing rates
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Predicted erosive esophagitis healing rates across drug classes in studies with approximately 100 patients
included. Solid dots and error bars indicate medians and 80% prediction intervals averaged per drug class.
Sigmoid line-segments and shaded areas indicate the typical model response and 80% prediction intervals from
2,000 simulations across pH HTRs. Open circles indicate individual predictions at aggregated pH HTR levels from
the analysis data set.

h, hour; H,RA, H,-receptor antagonist; P-CAB, potassium-competitive acid blocker; PPI, proton pump inhibitor.

Probability of failing to achieve healing in erosive esophagitis

» We derived probabilities of failing to achieve healing rates of 80%, 85% and 90% with
P-CABs versus H,RAs or PPIs (Figure 4; Table) by means of clinical trial simulations.

» The predicted probabilities of failing to achieve 80-90% healing rates were lower for
P-CABs than for H,RAs or PPlIs.

» The probability of failing to achieve 90% healing with P-CABs was 64.7% at week 4 and
21.5% at week 3; for H,RAs it was 100% at weeks 4 and 8; for PPIs, it was 99.5% at
week 4 and 84.3% at week 8.

Figure 4. Probabilities of failing to achieve target minimum erosive esophagitis
healing rates of (A) 80%, (B) 85% or (C) 90% by drug class

Figure 2. Modeling the relationship between pH HTR and erosive esophagitis
healing rates
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H,RA, H,-receptor antagonist; P-CAB, potassium-competitive acid blocker; PPI, proton pump inhibitor.

Table. Probabilities of failure to achieve target minimum erosive esophagitis
healing rates

Target Required time (h) with .-
minimum Average time (h) pPH >4 to achieve PI’Ol.)ablhii)y of
: : : failure (%)
erosive observed with target healing rate

esophagitis pH >4 per 24 h
Week4 | Week8 | Week4 | Week 8

healing rate

H,RA 1.5 >24° 15.3 100.0 99.0
PP| 13.7 17.7 10.5 80.7 22.6
P-CAB 20.0 12.0 1.2 1.8 0.5
H,RA 1.5 >24° 19.5 100.0 99.9
PP| 13.7 22.6 13.5 94.] 49.7
P-CAB 20.0 15.4 9.2 26.2 4.2
H,RA 1.5 >24° >24° 100.0 100.0
90% PP| 13.7 >24° 20.5 99.5 84.3
P-CAB 20.0 23.4 14.0 64.] 215

“Target healing rate cannot be reached.
h, hour; H,RA, H,-receptor antagonist; P-CAB, potassium-competitive acid blocker; PPI, proton pump inhibitor.

Drug class

CONCLUSIONS

» P-CABs provide a longer duration at pH >4, higher predicted erosive esophagitis
healing rates, and lower probabilities of failure to achieve healing, than H,RAs
and PPIs.

» The more effective and prolonged acid suppression achieved by the P-CABs’
mechanism of action appears to provide a meaningful clinical impact on healing
of erosive esophagitis.

» Although this analysis is limited by the fact that data for HTR and erosive
esophagitis were combined from different studies, the amount of pooled data
Increases confidence in the predictive value of the model.
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