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Results: After matching, we included new users of oral semaglutide (n = 105) or
empagliflozin (n = 207). Mean age was 65 years, diabetes duration 10 years, baseline
HbA1c 7.6%, BMI 29 kg/m?, and 94% were on metformin. Only 28.6% of new users
of oral semaglutide reached the 14 mg dose and 31.4% of empagliflozin new users
reached the 25 mg dose. HbAlc reduction was significantly greater with oral sema-
glutide than with empagliflozin (mean difference — 0.35%, p <0.001). Weight loss
over time was similar, with oral semaglutide showing a modest advantage at
18 months among persistent patients. Persistence was lower for semaglutide (HR for
discontinuation 1.47, p = 0.007).

Conclusions: Under routine care, new users of oral semaglutide achieved better gly-
caemic control compared with empagliflozin new users, with similar weight loss but

lower treatment persistence. These findings support the results of PIONEER-2 and

KEYWORDS

1 | INTRODUCTION

Type 2 diabetes (T2D) is a chronic progressive disorder imposing a
tremendous global health burden,® mainly due to its complications.?>
It is estimated to affect 7.5% of the Italian population.* The clinical
management of T2D emphasises comprehensive strategies that incor-
porate stringent glucose control, targeting blood pressure and lipids,
achieving healthy body weight, and delaying or preventing microvas-
cular and macrovascular complications.®

Within treatment algorithms, glucagon-like peptide-1 receptor
agonists (GLP-1RA) and sodium-glucose cotransporter-2 inhibitors
(SGLT2i) are foundational options, especially for patients with estab-
lished atherosclerotic cardiovascular disease, heart failure, or chronic
kidney disease.® The 2023 update of the Italian guidelines for the
treatment of T2D positions SGLT2i as first-line treatment in those
with CKD or heart failure, and GLP-1RA or SGLT2i as first-line treat-
ment in those with previous cardiovascular events.”

These two classes of glucose-lowering agents have different
modes of action and complementary effects. GLP-1RAs act by aug-
menting glucose-dependent insulin secretion, suppressing glucagon,
and promoting weight loss,2 while SGLT2is improve glycaemic control
via renal glucose excretion and confer cardiorenal protection through
natriuresis and haemodynamic effects.” Network meta-analyses con-
sistently show that GLP-1RAs allow greater reductions in HbAlc,
while the difference in body weight change depends on the type of
GLP-1RA being investigated.'® The advent of oral semaglutide, the
first orally administered GLP-1RA, has fostered the interest in com-
paring it with other oral diabetes drugs, such as SGLT2i. This was
addressed by the PIONEER-2 study, a 52-week, randomised trial
involving oral semaglutide (14 mg) versus empagliflozin (25 mg) add-
on to metformin.'* At week 26, oral semaglutide achieved signifi-

cantly greater HbAlc reduction compared to empagliflozin (—1.3%

its transferability to clinical practice.

cohort study, empagliflozin, real-world evidence, semaglutide

vs. —0.9%; estimated treatment difference —0.4%; p <0.0001), but
weight changes were similar. By week 52, semaglutide demonstrated
superiority in both HbAl1c and weight reduction (mean weight loss
—-4.7 kg vs. —3.8kg; p=0.0114), though gastrointestinal adverse
events were more frequent.

In the prospective PIONEER REAL ltaly study, oral semaglutide
(n = 398) reduced HbA1c by 0.9% (from a baseline of 7.8%) and body

).12 These results were

weight by 3.8 kg (from a baseline of 87.8 kg
consistent with those obtained in the PIONEER REAL programme in
other countries®® and in other real-world studies.**

Building on PIONEER-2, the present study aims to emulate its
design using real-world electronic health record data. Our objectives
were to compare the effectiveness of oral semaglutide versus empagli-
flozin on HbA1c and weight trajectories, as well as evaluate treatment
persistence. By doing so, we seek to bridge the gap between random-
ised trial efficacy and routine clinical effectiveness, providing insights to

inform treatment strategies in T2D management in everyday practice.

2 | METHODS
21 | Study design

This was a retrospective multicentre real-world study promoted by
the Italian Diabetes Society and conducted in specialised diabetes
care centres in Italy. Data were extracted from the same electronic
chart system at all centres and were anonymised at the time of extrac-
tion as recommended by approved standards.'® The study was con-
ducted in accordance with the Declaration of Helsinki and approved
by the local ethical committee at all participating centres. In agree-
ment with National Regulations on retrospective studies on anon-

ymised data, the need for patients' informed consent was waived.
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2.2 | Cohorts and exposures
We included in this study patients regularly followed at the participat-
ing outpatient clinics. Inclusion criteria were: age 18-80 years; a diag-
nosis of T2D as reported in the electronic record; baseline HbA1c
>6.5% (48 mmol/mol); initiation of oral semaglutide or empagliflozin
up to December 2021 (closure of the retrospective collection of drug
initiation events); availability of at least one HbA1c value post-index
date for evaluation of the primary outcome. Exclusion criteria were:
other forms of diabetes; age < 18 or >80 years; missing data for the
primary outcome. Participants were divided into two groups: (i) new
users of oral semaglutide; (ii) new users of empagliflozin. New use was
defined as a first prescription of the index drugs in patients who had
not been treated with any GLP-1RA or SGLT2i in their entire past his-
tory, as recorded in the chart. The index date was defined as the date
of the first prescription of the index drug. As recommended for clinical
trials,*® we defined two estimands. For the treatment policy estimand,
participants were considered to be exposed to the index drug until
the last available observation, whether or not the drug continued to
be prescribed. This informs on effectiveness in real-world practice, as
this estimand reflects what happens when a treatment is initiated and
then managed according to routine care. For the trial product esti-
mand, patients were considered to be exposed as long as the index
drug continued to be prescribed and were therefore censored at the
time of drug discontinuation. Clinically, this estimand isolates the
pharmacological effect of the drug itself, independent of persistence.
There was no information on pharmacy refill rates and adherence.
Persistence was defined as the confirmation of the prescription at
follow-up visits, whereas non-persistence was defined when the index
drug was no longer prescribed at a follow-up visit. As each visit
reported the list of medications that the specialist prescribed, the date
of discontinuation was set as the date when the drug was no longer

included in the outpatient medication list.

2.3 | Definition of variables

We collected the following information at baseline, as recorded in the
electronic chart. Consistent with the retrospective real-world nature
of the study, methods for recording variables were not standardised.
Demographics: age, sex, duration of diabetes. Anthropometrics: body
weight and height to calculate the BMI in kg/m?. Vital parameters:
systolic and diastolic blood pressure measured during routine visits.
Laboratory values: fasting glucose, HbA1c, lipid profile (LDL was cal-
culated using the Friedewald formula'?), urinary albumin/creatinine
ratio (UACR, normalised as described in Reference [*®]), and serum
creatinine to calculate the estimated glomerular filtration rate (eGFR)
with the CKD-EPI equation.'” Complications (retinopathy was defined
based on digital retinal examination; cardiovascular disease was
defined as a history of stroke, myocardial infarction, or arterial revas-
cularization); medications for the treatment of diabetes and concomi-
tant cardiovascular risk factors. No information was available on

adverse events.

At each subsequent visit available in the chart, we recorded
updated values of body weight, HbAlc, serum lipids, eGFR, and
UACR, along with the prescribed therapy.

24 | Outcomes

The primary endpoint was the change in HbA1c from baseline through
follow-up visits until 18 months. Secondary endpoints included: the
proportion of participants reaching HbA1c <6.5%, the change in body
weight, the proportion of participants reaching a weight loss of 5% or
more, the change in fasting serum triglycerides, eGFR and UACR.

2.5 | Statistical analysis

Continuous variables are presented as mean (SD), while categorical
variables are presented as number (percentages). Normality of data
distribution was assessed using the Shapiro-Wilk test, and non-
normal variables were log-transformed before analysis with paramet-
ric tests. The comparison of continuous variables was performed with
the Student's t test, whereas categorical variables were compared
with the chi-square test. To handle missing values, we performed a
single multivariable imputation by chained equation (mice package,
version 3.16.0), employing default settings for both predictor matrix
and where, with all variables used as predictors. Propensity score
matching (PSM) was then performed on the imputed dataset using the
Matchlt package (version 4.5.5). Propensity scores were estimated
through logistic regression, including all covariates, and matching was
conducted using nearest-neighbour matching with a 1:2 ratio (treated:
control), without replacement. The optimal calliper width, determined
by iteratively testing values from 0.1 to 1 in increments of 0.05, was
set at 0.15 times the standard deviation of the estimated propensity
scores. Control subjects outside the region of common support were
excluded, and the propensity score model was refit on the restricted
sample. Balance diagnostics to demonstrate satisfactory covariate
balance post-matching were based on absolute standardised mean
differences (SMD) below 0.1. The 1:2 ratio was chosen because of
the large imbalance in initial sample sizes, to enable efficient use of
available data, improved covariate balance without overfitting, and
minimising residual confounding. The change over time in outcome
measures was analysed with the mixed model for repeated measures
(MMRM). The outcome variable (e.g., HbAlc) was the dependent
variable, fixed factors included time, group (exposure to oral sema-
glutide or empaglifiozin), time-by-group interaction, and baseline
outcome variable. As variance structure, the first-order autoregres-
sive was chosen. In sensitivity analyses, drug dosage was entered as
a covariate of the MMRM, and the adjusted effect size is reported.
Persistence was analysed as a time-to-event endpoint using the Cox
proportional hazard model. The conventional threshold of p <0.05
was chosen to define statistical significance, without hierarchical
testing of the various endpoints. All analyses were conducted in

SPSS version 21 or later and in R version 4.4.1.
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3 | RESULTS

3.1 | Patients

The databases contained initial information on n = 166 new users of
oral semaglutide and n = 6643 new users of empagliflozin (Figure S1).
After applying inclusion/exclusion criteria, n = 109 and n = 3757 par-
ticipants remained in each group. Before matching, the two groups
were imbalanced for several key clinical characteristics. New users of

oral semaglutide were older, with a longer disease duration, lower

BMI, a different profile of blood pressure and lipids, a greater preva-
lence of CKD but a lower prevalence of cardiovascular disease, and a
different combination of concomitant medications (Table S1 and
Figure S2).

After matching, n = 105 new users of oral semaglutide and
n =207 new users of empagliflozin were included. All variables
shown in Table 1 were well balanced (SMD <0.1). Participants (64%
men) were on average 65 years old, with a diabetes duration of about
10 years, BMI of 29 kg/m?, baseline HbA1c of 7.6%. The prevalence
of CKD stage Ill or greater was 17% and that of established

Oral semaglutide Empagliflozin SMD TA_B L E1  Characteristics of study
participants.
Demographics n =105 n =207
Male sex, % 68 (64.8) 131 (63.3) 0.03
Age, years 64.6 (8.7) 64.8 (8.0) 0.03
Duration, years 10.1 (7.9) 9.9 (8.4) 0.01
Risk factors and lab results
Body weight, kg 82.9 (17.9) 82.2 (16.9) 0.05
Body mass index, kg/m? 29.1(5.5) 29.2 (4.9) 0.01
Systolic blood pressure, mm Hg 143.3 (19.3) 142.3 (21.0) 0.04
Diastolic blood pressure, mm Hg 80.2 (10.0) 80.3(10.2) 0.01
Fasting plasma glucose, mg/dL 158.1 (49.2) 160.0 (44.4) 0.03
HbA1lc, % 7.6 (1.1) 7.7 (0.9) 0.05
Total cholesterol, mg/dL 167.7 (35.9) 168.4 (38.2) 0.04
HDL cholesterol, mg/dL 49.6 (13.2) 49.3 (14.7) 0.03
LDL cholesterol, mg/dL 88.4 (32.0) 89.9 (31.9) 0.07
Triglycerides, mg/dL 125.8 (85.5; 185.2) 129.3 (91.3; 183.1) 0.00
eGFR, mL/min/1.73 m? 83.7 (18.9) 83.0(17.0) 0.05
Complications
eGFR <60 mL/min/1.73 m? 17 (16.2) 38(18.4) 0.08
UACR >30 mg/g 24 (22.9) 41(19.8) 0.07
Retinopathy, % 17 (16.2) 30(14.5) 0.03
Cardiovascular disease, % 13 (12.4) 23(11.1) 0.04
Medications
Metformin, % 98 (93.3) 196 (94.7) 0.06
Sulphonylurea, % 11 (10.5) 20(9.7) 0.02
Pioglitazone, % 4 (3.8) 7 (3.4) 0.00
Basal insulin, % 7(6.7) 14 (6.8) 0.00
Statin, % 76(72.4) 156 (75.4) 0.05
Anti-platelet agents, % 35 (33.3) 65 (31.4) 0.04
RAS blockers, % 65 (61.9) 121 (58.5) 0.07
Beta-blockers, % 28 (26.7) 60 (29.0) 0.04
Calcium channel blockers, % 21 (20.0) 43 (20.8) 0.01
Diuretics, % 20 (19.0) 40 (19.3) 0.00

Note: Data are presented as mean (standard deviation) for continuous variables, except for triglycerides,
expressed as median (interquartile range), or as number (percentage) for categorical variables. The
standardised mean difference (SMD) is shown for the between-group comparison after matching. There

was no significant between-group difference in any variable (all p >0.05).

Abbreviations: eGFR, estimated glomerular filtration rate; RAS, renin angiotensin system; UACR, urinary

albumin/creatinine ratio.
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cardiovascular disease was 12%. The vast majority of patients were
on metformin, with small percentages also taking sulphonylurea, pio-
glitazone, or basal insulin (<7%).

3.2 | Exposure and persistence
Oral semaglutide was initiated at a dose of 3 mg, and the maximal
dose was 3 mg in 27.6% of patients, 7 mg in 43.8% of patients, and
14 mg in 28.6% of patients. Empagliflozin was started at 10 mg in
76.6% of patients and at 25 mg in 23.4%. The final dose was 10 mg in
68.6% and 25 mg in the remaining 31.4%. The observation was closed
at 18 months because the number of patients in the oral semaglutide
group dropped substantially after that time point.

The rate of discontinuation was significantly higher in the oral
semaglutide group than in the empagliflozin group, with an HR of
1.47 (95% C.I. 1.11-1.91; p = 0.007; Figure S3).

3.3 | Glycaemic control

The analysis was based on a median (IQR) of 4 (2-6) values per

patient, with a greater frequency for empagliflozin (median 5; IQR 2-

(A) Treatment policy estimand

Mean baseline HbA1c 7.6%

0.0
-0.24
-0.4-
-0.64
-0.8
-1.0

-1.2- ETD -0.35%

(95% CI: -0.49;-0.21)

-1.49 p<0.001
T

Change in HbA1c (%)

8) than for oral semaglutide (median 3; IQR 2-4; p <0.001). HbA1lc
improved significantly more in the oral semaglutide group than in the
empagliflozin group (Figure 1). According to the treatment policy esti-
mand, from a baseline of 7.6% in both groups, the mean difference in
HbAlc was —0.35% (95% C.I. from —0.49 to —0.21; p <0.001,;
Figure 1A) in favour of oral semaglutide. The estimated treatment dif-
ference was —0.55% at 9 months and —0.44% at 18 months
(Figure 1B). The effect size remained similar after adjusting for drug
dosages (mean HbA1c difference —0.38%; p <0.001). The trial product
estimand yielded slightly greater differences between the two groups,
with a mean HbA1c difference of —0.42% in favour of the oral sema-
glutide group (reaching —0.63% at 9 months and —0.43 at 18 months;
Figure 1D,E). More participants in the oral semaglutide group
achieved an HbA1c value <6.5%, which exceeded 50% at 18 months
in the oral semaglutide group (Figure 1C,F).

3.4 | Body weight

The change over time in body weight was similar between groups. For
the treatment policy estimand and the trial product estimand, the mean
difference was —0.7 kg (p = 0.057) and —0.6 kg (p = 0.125), respec-
tively (Figure 2A,D). The difference became statistically significant after
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FIGURE 2 Body weight change and targets with oral semaglutide versus empagliflozin. Results are presented for the treatment policy
estimand (A)-(C) and for the trial product estimand (D)-(F). (A) and (D) Estimated absolute change in body weight over time. (B) and (E) Estimated
changes from baseline in body weight at months 9 and 18. (C) and (F) Estimated proportions of patients achieving weight reduction of 5% or
more at months 9 and 18. Cl, confidence interval; ETD, estimated treatment difference.

adjusting for drug dosages (mean difference —0.8 kg; p = 0.032). The
estimated mean difference was very similar between groups at
9 months (about —3 kg; Figure 2B,E), while weight loss tended to be
more pronounced in the oral semaglutide group at 18 months, which
was nominally significant for the trial product estimand (—2.6 kg; 95%
C.l. from —5.2 to —0.1; Figure 2E). At 9 months, significantly more par-
ticipants in the empagliflozin group had lost 5% or more body weight,
while the proportion was numerically in favour of oral semaglutide at
18 months (Figure 2C,F).

3.5 | Other endpoints

The change over time in serum triglycerides, eGFR and UACR is pre-
sented in Table S2. No significant between-group difference was
observed for any of these additional endpoints according to the treat-

ment policy estimand and the trial product estimand.

4 | DISCUSSION

In this real-world study emulating the PIONEER-2 trial, oral semaglu-
tide allowed a significantly greater reduction in HbAlc over
18 months compared to empagliflozin, while weight loss was overall
comparable between groups, with a modest advantage for oral sema-
glutide at 18 months. Treatment persistence was lower with oral
semaglutide, suggesting potential tolerability or adherence limitations
in real-life settings.

Our findings align with the PIONEER-2 trial, but the study
diverges in noteworthy key aspects (Table 2). In terms of design,
PIONEER-2 was a 52-week, multicentre, open-label trial with 822 par-
ticipants randomised to oral semaglutide 14 mg or empagliflozin
25 mg, whereas the current study is a retrospective observational
emulation using matched real-world cohorts from Italian diabetes cen-
tres, including 105 patients on semaglutide and 207 on empagliflozin.
The randomised nature of PIONEER-2 grants a greater level of
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TABLE 2 Comparison between the present real-world study and the PIONEER-2 trial.

PIONEER-2 trial
Study characteristics
Design

Drug dosages Oral semaglutide 14 mg

Empagliflozin 25 mg
Eligibility HbAlc 7.0%-10.5%
Primary endpoint
Duration, weeks 52
Number of participants 821

Patient characteristics

Age, years 57
Sex male, % 50.5
Diabetes duration, years 7.4
BMI, kg/m? 32.8
HbA1c, % 8.1
eGFR, ml/min/1.73 m? 95
Concomitant metformin, % 100

Main results under treatment policy

estimand
Change in HbAlc -0.4%

Change in body weight Non-significant at 26 weeks

(—2.1 kg at 52 weeks)

Discontinuation
oral semaglutide

evidence and minimises bias, whereas the current study attempts to
mitigate selection bias through matching, but residual confounding
cannot be excluded. Participants in the real-world study were older,
had lower HbA1c and BMI, and a higher prevalence of CKD compared
to those in PIONEER-2, who were recruited and followed under
strict trial procedures. The enrolment criteria were also different,
as we included new users of oral semaglutide or empagliflozin with
HbA1lc >6.5%, while PIONEER-2 participants had HbA1lc between
7.0% and 10.5%. This lower limit of HbAlc was more permissive in
our study, in line with the possibility to achieve more ambitious gly-
caemic targets with modern diabetes pharmacotherapy.® The sam-
ple size in the real-world study is smaller and, though follow-up
was extended to 18 months, a fraction of participants reached the
18 months timepoint, while PIONEER-2 maintained a controlled
52-week duration. Importantly, concomitant medications were also
different: real-world patients had varied background therapies
reflecting clinical practice, whereas PIONEER-2 restricted back-
ground treatment to metformin only.

Despite these notable differences, the direction of results was
extremely consistent. We were able to confirm the superior glycaemic
control with oral semaglutide compared to empagliflozin. The HbAlc
difference in favour of oral semaglutide in our real-world study
(—0.4%) was closely aligned with that reported in PIONEER-2 (from
—0.4% to —0.5% depending on estimand), supporting the robustness
of the finding across contexts. In the real world, a significant

Randomised, open-label, multinational trial

Change in HbA1c from baseline to week 26

Discontinuation due to adverse events was greater with

This real-world study

Retrospective multicenter observational study

Oral semaglutide mostly 7 mg, empagliflozin
mostly 10 mg

>6.5%

Change in HbA1c up to 18 months
78

312

64
64
10
29
7.6
83
94

-0.4%
Non-significant at 9 months

(—2.0 kg at 18 months)

Discontinuation was greater with oral
semaglutide

proportion of patients received submaximal doses of oral semaglutide
(only 28.6% reached 14 mg), which is aligned with several reports on
the use of oral semaglutide in many countries, including Italy, and
showing that a minority of patients reached the 14 mg dose.'2-1420
This may be related to the higher discontinuation rate with semaglu-
tide, possibly reflecting tolerability issues that limit titration. In the
empagliflozin group, most participants remained on the 10 mg dose,
reflecting the marginal incremental effect of the 25 mg over the
10 mg dose in phase Il trials and in cardiovascular outcome trials with
empagliflozin.?2?2 The lower baseline HbAlc (7.6%) than in the
PIONEER-2 trial (8.1%), along with the lower drug doses, may have
contributed to a lower HbA1c reduction with both oral semaglutide
and empagliflozin in the real world compared to what was observed in
the trial. Yet, the lower HbA1c at the time of drug initiation enabled
the achievement of HbA1c values <6.5% in a considerable proportion
of participants (nearly 60% among those who persisted on oral sema-
glutide at 18 months).

In addition to glycaemic control, weight management has become
a major objective of comprehensive person-centred T2D care.® The
PIONEER-2 trial showed superiority of oral semaglutide for body
weight loss at 52 weeks, but not at 26 weeks. Our real-world study
shows similar weight trajectories in the two groups. Weight outcomes
with oral semaglutide may be more variable in clinical practice, poten-
tially due to dose titration limitations. In this context, the lower persis-

tence on oral semaglutide is a critical finding that may reflect
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gastrointestinal tolerability issues that were also prominent in
PIONEER-2. The lower real-world doses of oral semaglutide may
explain delayed weight loss observed in this study because weight
reduction with GLP-1RA is strongly dose-dependent.*®

To our knowledge, this is the first trial emulation directly compar-
ing oral semaglutide with empagliflozin. In the PAUSE study, employ-
ing a propensity score-based approach to reduce bias, new users of
once weekly semaglutide had significantly greater improvements in
body weight and HbA1c at 1 year than new users of SGLT2i.2* In a
long-term observation of >11 000 new users of GLP-1RA (mainly dula-
glutide) or SGLT2i (mainly dapagliflozin), we found that GLP-1RA
allowed a better and persistent glycaemic control, with a mean HbA1c
difference of about 0.2%, but a less prominent weight loss.2> This was
confirmed by another real-world study?® and aligns with a network
meta-analysis comparing SGLT2i and GLP-1RA, excluding high-dose
semaglutide/dulaglutide and tirzepatide.!® In terms of multiple end-
points, however, real-world data suggest that therapy with GLP-1RA
and SGLT2i may be equivalent in achieving simultaneous benefits on
HbA1c, body weight, and blood pressure.?” The heterogeneous results
obtained across studies comparing GLP-1RA and SGLT2i not only
derive from the different designs and molecules being investigated but
may rely on patient phenotypes, as illustrated by the MASTERMIND
initiative,?® suggesting the possibility to individualise treatment based
on patient characteristics.

For a clinical interpretation of our results, it is important to con-
sider that comprehensive T2D management goes beyond HbA1c and
body weight goals. Dedicated trials have demonstrated that oral
semaglutide and empagliflozin exert notable protection against
chronic diabetic complications. In the EMPA-REG Outcome trial, in
people with T2D and cardiovascular disease, empagliflozin reduced
cardiovascular events, cardiovascular and all-cause mortality, hospita-
lisation for heart failure and adverse kidney outcomes.?? Consistent
results have been gathered from other trials confirming the strong
protective effects of empagliflozin against heart failure and kidney
outcomes.?? In the SOUL trial, among people with T2D and cardiovas-
cular disease, oral semaglutide reduced the rates of cardiovascular
events, with a prominent effect on myocardial infarction and periph-
eral atherosclerosis.° In real life, we have previously demonstrated
better cardiovascular outcomes for patients with T2D who received
SGLT2i versus GLP-1RA.3! Therefore, in agreement with local and
international guidelines, therapeutic personalisation should consider
these demonstrated benefits on hard outcomes in addition to the
probability of achieving glycaemic and weight targets.

We wish to acknowledge important study limitations. The obser-
vational non-randomised design is intrinsically prone to bias, mainly
due to unmeasured confounding. The difference in baseline character-
istics between groups before matching suggests that different pheno-
types of patients received intensification with different study drugs.
Even after successful matching for several key variables, it is impossi-
ble to eliminate such confounding by indication. Whether alternative
approaches to address confounding (e.g., IPTW) would have produced
different results is presently unclear. In addition, the quality of the

data recorded under routine clinical care, often in non-standardised

ways, is typically lower than that recorded in the trial setting. Missing-
ness for some key laboratory data (e.g., eGFR, UACR, triglycerides)
was substantial: although imputation was used to enable matching,
this likely increased the uncertainty around some secondary out-
comes. The limited sample size reduced precision for some relevant
secondary endpoints (including markers of kidney function and dam-
age) and limited the ability to conduct clinically meaningful subgroup
analyses. In addition, many patients were progressively lost to obser-
vation, such that the estimates at later timepoints were less reliable.
Therefore, there is the need for larger and longer real-world studies to
comprehensively compare these important endpoints. The lack of
information on adverse events, gastrointestinal tolerability, and medi-
cation adherence precluded a more proper evaluation of the persis-
tent on treatment and on the factors associated with greater
discontinuation of oral semaglutide. Even if the observation was lon-
ger than in the PIONEER-2 trial, only a fraction of patients reached
the 18-month observation, and the duration of follow-up was rela-
tively short compared to chronic disease management. Finally, the
study was conducted under specialised diabetes clinics in Italy,
thereby limiting generalisability to primary care or other geographical

settings.

5 | CONCLUSION

This real-world emulation of the PIONEER-2 trial confirms the superior
glycaemic efficacy of oral semaglutide versus empagliflozin in patients
with T2D under routine care, with comparable weight loss, though with
a lower persistence on treatment. These findings suggest that the advan-

tages of oral semaglutide observed in trials can translate into practice.
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