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Abstract

Purpose This retrospective cohort study aims to compare outcomes of Roux-en-Y gastric bypass (RYGB) versus semaglutide
for treatment of recurrent weight gain (RWG) and suboptimal weight loss (SWL) after sleeve gastrectomy (SG).

Methods Patients at a tertiary care hospital who underwent RYGB conversion after SG (n=87) were matched 1:1 to SG
patients treated with semaglutide (n=87) by: age, gender, race, ethnicity, pre-SG to pre-intervention total weight loss
(%TWL), BMI, diabetes status, and time between SG and intervention. Semaglutide ‘responders’ (defined as>5% TWL at
three months, n=26) and non-responders were similarly compared to the overall RYGB cohort. Weight, comorbidity, and
complication outcomes were collected for two years post-intervention.

Results %TWL two years post-intervention was greater in the RYGB compared to the semaglutide cohort (17.1% vs. 7.6%,
mean difference =9.5%, 95% CI1 [2.6, 16.4], p=0.002), as was the proportion of patients who achieved > 10% TWL (82.6%
v. 40.9%, p <0.001). Diabetes medications (p =0.018) and mean HbA,_ (p=0.006) decreased significantly in the RYGB
but not semaglutide cohort. RYGB patients had increased frequencies of GI surgeries and endoscopies. For semaglutide
‘responders,” two-year %TWL was similar to RYGB (22.9% vs. 17.1%, p=0.423).

Conclusions RYGB led to greater and more consistent weight loss and diabetes control than semaglutide in SG patients with
RWG, at the cost of an increased need for GI interventions. While only a minority of patients responded to semaglutide,
these patients had similar two-year weight outcomes as RYGB.
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Introduction [1, 2]. SG provides durable long-term weight loss and

comorbidity improvement, on average; however, a signifi-

Worldwide, sleeve gastrectomy (SG) is the most performed
metabolic and bariatric surgery (MBS) due to the technical
ease of the operation and lower morbidity rates compared to
other operations such as Roux-en-Y gastric bypass (RYGB)
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cant subset of patients will experience recurrent weight gain
(RWG) or suboptimal weight loss (SWL) [3—10]. Causes of
RWG and SWL after SG are multifactorial, including patient
factors such as differences in post-operative hormonal regu-
lation, dysregulated eating, low levels of physical activity,
and lifestyle stressors, as well as differences in technical fac-
tors during the operation; however, poor surgical technique
and patient noncompliance are rarely the cause of RWG and
SWL [8, 11, 12]. RWG and SWL carry consequences for
patients including recurrence of obesity-related complica-
tions, increased financial burden associated with healthcare
needs, and negative impact on quality of life [8].

The optimal management of patients experiencing RWG
and SWL has not yet been determined; however, SG con-
version to RYGB is the most performed revision surgery
[13]. Recently, the 10-year follow-up of the SM-BOSS
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RCT showed that 30% of patients randomized to the SG
arm required conversion to RYGB for GERD (47% of indi-
cations), RWG (28%), or both RWG and GERD (19%),
compared to 5% of RYGB patients requiring reoperation
[10]. Regardless of the indication for conversion, conver-
sion surgery has been shown to lead to further weight loss
for patients [14, 15], with some studies demonstrating mean
percent total weight loss (%TWL) of >20% at one year after
the conversion surgery [16, 17].

The introduction of long-acting GLP-1 agonists for
weight loss has altered non-surgical management of obe-
sity. Higher levels of endogenous GLP-1 after MBS have
been associated with successful weight loss for patients,
which supports a mechanism for GLP-1 agonists as a viable
treatment mechanism for RWG and SWL after MBS [18];
the BARI-OPTIMISE randomized controlled trial demon-
strated that adjuvant liraglutide led to approximately 9%
TWL after 24 weeks for patients with RWG or SWL after
MBS [19]. Compared to liraglutide, semaglutide produces
significantly greater weight loss amongst patients with obe-
sity [20]. For patients experiencing RWG and SWL, studies
have shown that post-operative treatment with semaglutide
produces 3.7-14.7% mean weight loss at or after 12 months
[21, 22]. Additionally, the literature describes a subset of
“responder” patients with early or successful weight loss
with these medications, often defined as 5% TWL at around
three—four months on the medication [23, 24]. These studies
demonstrate that, beyond the initial management of obesity,
GLP-1 agonists may become a significant contributor to the
treatment of RWG and SWL.

In the rapidly changing landscape of obesity manage-
ment, there is a dearth of studies directly comparing results
of patients treated with semaglutide to those who underwent
a conversion to RYGB for the management of RWG or SWL
(henceforth collectively referred to as RWG). The goal of
our study is to provide evidence for targeted counseling of
patients experiencing RWG after MBS by comparing weight
outcomes, comorbidity resolution, and complications for
patients who were treated with semaglutide against those for
whom a surgical conversion to RYGB was performed after
RWG following SG. Semaglutide rather than tirzepatide was
the focus of this study since the FDA approval of tirzepatide
for obesity did not occur until November 2023, limiting our
opportunity for two-year follow-up.

Methods

This study was approved by the Brigham and Women’s Hos-
pital Institutional Review Board (IRB #2014P001772) and
the requirement for informed consent was waived for this
retrospective analysis. The study followed the Strengthening
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the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guidelines.

Study design and patients

This study is a retrospective cohort study performed at a
tertiary-care academic institution with a multi-disciplinary
medical and surgical weight management center. From insti-
tutional patient databases, 194 patients were identified who
had undergone a SG with later conversion to RYGB (SG
dates ranged from 2003 to 2020, conversion dates from 2014
to 2023) (Fig. 1). Patients were excluded from the study
based on the following criteria: undergoing the intervention
within 6 months of the original SG (by which point patients
experiencing suboptimal weight loss can be identified) (n =
6), lacking follow-up data after either SG or intervention
(n=11), not having the potential for at least one year of fol-
low up (n= 2), taking semaglutide before undergoing RYGB
(n=11), taking semaglutide within our two-year follow-up
period after RYGB (n= 13), and having a known pregnancy
during the eligible follow-up period after intervention (n=
3). After exclusion, 148 patients were eligible for our study.
Many patients with a BMI less than 35 kg/m? were receiving
surgical intervention primarily for treatment of GERD rather
than RWG. Therefore, to capture the effect of the interven-
tion for RWG, we identified as our primary study cohort
those patients with a pre-intervention BMI greater than or
equal to 35 kg/m?, our local criterion for MBS eligibility
in the study time period [25, 26], leaving 87 patients of the
original 194.

To contrast these outcomes, we identified 173 patients
who met inclusion criteria and used semaglutide for greater
than one month after a prior SG (2011-2022; semaglutide
use 2017-2023) and did not undergo a conversion surgery
within our two-year follow-up period. Patients were not
excluded from the semaglutide group if they transitioned
to tirzepatide during the two-year follow-up period to accu-
rately reflect the patient experience of current medication
management for RWG.

Using propensity score matching, patients who under-
went RYGB conversion after SG were matched 1:1 (optimal
match) to patients who started semaglutide after undergoing
SG by age at time of intervention, gender, race, ethnicity,
diabetes status, BMI at time of intervention, percent total
weight loss (%TWL) from pre-SG to pre-intervention, and
time interval between SG and intervention. These criteria
were determined a priori based on consensus agreement
of factors that could influence group allocation at the time
of clinical treatment. Upon completing the optimal score
matching, we defined two matched cohorts of 87 patients.
Patient follow-up decreased over the course of the study,
with greater than 55% follow-up amongst eligible patients
at two years (overall follow-up included in Fig. 2). Amongst
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SG-to-RYGB conversion

(2014-2023)
N=194 Excluded (N = 46):

*  Pregnancy wi

¢ RYGB within 6 months of SG (6)

* <1 year follow-up (13)

*  Semaglutide before SG or RYGB (11)

*  Semaglutide within 2 years of RYGB (13)

thin 2 years of RYGB (3)

SG-to-RYGB
conversion

N=148

BMI < 35 kg/m?
N=61

SG-to-RYGB
conversion
N =187

Inclusion criteria:
*  Semaglutide usage > 1 month

SG-to-Semaglutide

_ (2017-2023)

N=173

*  Pre-intervention BMI > 35 kg/m?
Exclusion criteria:

*  Semaglutide started within 6 months of SG

* <1 year follow-up

1:1 Propensity Score Match

e Age

¢ Gender

* Race

*  Ethnicity

¢  Pre-Intervention BMI

e Diabetes Status

*  %TWL from pre-SG

¢  Time between SG and
intervention

Combined study cohorts
N=174

Fig. 1 Inclusion and exclusion criteria leading to creation of study cohor
total weight loss

subgroup analyses, follow-up at two years ranged from 56 to
71% of eligible patients (Fig. 4).

Outcomes of interest
Data collection occurred from May 1, 2024 through Decem-

ber 31, 2024, with outcomes collected from patient elec-
tronic medical records. The main outcome of interest was

*  Semaglutide before SG

* MBS intervention within 2 years of
semaglutide initiation

*  Pregnancy within 2 years of semaglutide

ts. RYGB Roux-en-Y Gastric Bypass, SG sleeve gastrectomy, %TWL

two-year weight loss after intervention for RWG. To analyze
all weight outcomes, patient weights were collected at 3, 6,
12, 18, and 24 months post-intervention (with a margin of
+ 1.5 months for each time point; if no data was available
in that time, no weight was recorded). %TWL at two years
following RWG intervention was defined as [100*(pre-inter-
vention weight — post-intervention weight)/(pre-intervention
weight)] [27]. Additional weight loss metrics were %TWL
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Pre-SG Pre- 3 months 6 months 12 months 18 months 24 months
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RYGB 87/87 (100%) 87/87 (100%)  79/87 (91%)  73/87 (84%)  69/87 (79%)  54/85 (64%)  44/78 (56%)
Semaglutide | 87/87 (100%) 87/87 (100%)  68/87 (78%)  69/87 (79%)  66/87 (76%)  54/85 (64%)  38/56 (68%)

Fig.2 Weight loss of RYGB versus semaglutide following SG. Each
data point reflects the mean +standard error of the mean (SEM), n=
87 per cohort. Black =RYGB cohort. Red =semaglutide cohort. A
%TWL attributable to the intervention. B %#TWL from index SG.

from pre-SG to two years post-intervention, and absolute
BMI change at two years compared to pre-intervention
and pre-SG. In addition to post-intervention weight out-
comes, we collected post-SG weight outcomes, including
nadir weight post-SG and weight regain post-SG, defined
as [100*(pre-intervention weight — nadir weight)/(pre-SG
weight — nadir weight)] [28].

An additional outcome of interest was comorbidity reso-
lution at two years following intervention. We examined
patient hemoglobin A, (HbA,,) levels at 3, 6, 12, 18, and
24 months, as well as the number of anti-hypertensives
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C BMI change attributable to the intervention. D BMI change from
index SG. Significance calculated using two-way ANOVA, * p<
0.05, ** p< 0.01, *** p< 0.005, **** p< 0.0001 (Color figure
online)

and diabetes medications a patient was prescribed before
the intervention and at one and two years post the inter-
vention. Finally, data on complications was examined for
each intervention within the two-year follow-up period.
For both RYGB and semaglutide patients, we identified all
emergency department (ED) visits, hospital admissions,
and 30-day severe complications, defined as unplanned ICU
admissions, hospital admissions, operations, and mortality
within that time. We recorded all gastrointestinal surgical
operations and interventions within the two-year follow-
up period. For patients undergoing RYGB, we recorded
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rates of internal hernias, marginal ulcers, anastomotic
leaks, dumping, dysphagia, total parenteral nutrition (TPN)
requirements, chronic pain, and small intestinal bacterial
overgrowth (SIBO). For patients who took semaglutide,
we recorded patient reported gastrointestinal complications
as well as reports of hair loss, fatigue, and diagnoses of
pancreatitis.

Statistical analysis

Statistical analysis was performed in R-studio (Version
2023.12.1 +402, Boston, Massachusetts, USA) and Graph-
Pad Prism (for macOS, Version 10.4.0 (527), San Diego,
California, USA). Propensity score matching was performed
using the optimal match function in R-studio. To ensure
similarity between on cohorts based on matching criteria,
we performed chi-square tests for categorical variables and
t test for continuous variables. To analyze patient weight
outcomes, we performed two-way ANOVA with repeated
measures utilizing a mixed-effects model using the Geisser-
Greenhouse correction, as well as Siddk’s multiple compari-
son test correction. To assess the relationship between SG
outcomes (nadir weight after SG, weight regain post-SG,
and interval between SG and intervention) and intervention
%TWL at 1 year, we performed a simple linear regression.
One year %TWL was selected due to greater patient fol-
low up at that time compared to 2 years. In these analy-
ses, one patient was removed from analysis in the RYGB
cohort when analyzing impact of the interval between SG
and intervention due to the time being greater than eight
standard deviations away from the mean, and two patients
were removed from the semaglutide cohort when analyz-
ing weight regain as their regain was greater than three
standard deviations from the mean. Sub-group analysis was
performed to compare weight outcomes between patients
who responded well to semaglutide (‘responders’) and a
matched cohort of RYGB patients. ‘Responder’ subgroups
were defined in our study as %TWL of >5% at three months
since the start of medication use, consistent with the Ameri-
can Diabetes Association definition of “early responders” as
well as insurance policy requirements for continued medica-
tion coverage [23, 24]. Propensity score matching to identify
a matched RYGB was performed using the same criteria as
the overall population (Supplemental Fig. 1, Supplemen-
tal Table 2). Weight outcomes were calculated the same as
the overall population. Patient HbA . trends were analyzed
with both two-way ANOVA with repeated measures, and
with paired ¢ test analyzing the mean difference in HbAlc
from pre-intervention to two years post-intervention. Patient
medication changes as a proxy for comorbidity resolution
was analyzed using chi-square tests to assess overall differ-
ences in resolution, and with Yates correction to compare
the percent of patients that improved, worsened or were

stable for each comorbidity. Comparisons of the number of
patients who had complications were calculated using chi-
square tests with Yates correction. The level of significance
was set to 0.05.

Power calculation

A priori power analysis performed using G*Power version
3.1.9.7, with the level of significance set to 0.05 and power
set to 80%, determined that a sample size of 90 (45 patients
in each cohort) was required to detect a difference of 5.3%
in the %TWL at 12 months post intervention, based on prior
studies demonstrating 12-month %TWL of 20.0 +4.4% [16]
after RYGB conversion, and 14.7 + 8.8% after 12 months
on semaglutide after MBS [21]. There were limited stud-
ies of comparable criteria with data for 24-month outcomes
for patients, thus 12-month outcomes were used for power
calculations. Given our sample size of 174, the study was
appropriately powered for our main analysis.

Results
Patient characteristics

We performed a retrospective case—control study comparing
patients with a BMI > 35 kg/m? suffering from RWG after
prior SG and who underwent RYGB conversion surgery to
a matched cohort of patients with a BMI >35 kg/m? who
took semaglutide for RWG after SG. Patient demograph-
ics were well matched between the RYGB and semaglutide
cohorts (Table 1). The average age of patients at the time
of their intervention was 41.8 and 43.6 years old respec-
tively. Both populations were predominantly female (90.8%,
90.8%), white (66.7%, 71.3%), and non-Hispanic (75.9%,
81.6%). Most patients did not have type Il diabetes (T2D)
(58.6%, 57.5%), with 18.4% in the RYGB group and 23.0%
in the semaglutide group having a diagnosis of T2D. The
pre-intervention BMI was 43.1 kg/m? and 43.2 kg/m? and
the %TWL from pre-SG to pre-intervention was 9.6% and
9.5% respectively. The average length of time between the
LSG and intervention was 4.9 years for the RYGB group and
4.7 years for the semaglutide group. While all patients met
criteria by their weight for surgical re-intervention, based on
clinic notes and operative notes, 48.3% of our patients (n=
42) also had an indication of GERD for their conversion to
RYGB.

Due to the retrospective nature of the study, patient sema-
glutide use was not uniform, reflecting barriers to access,
impact of side effect, and individual clinical needs. The aver-
age length of time patients were treated with semaglutide
was 1.97 +1.40 years (Supplemental Table 3). Twenty-six
patients stopped taking semaglutide less than one year after
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Table 1 Overall patient

e . RYGB (N=87) Semaglutide (N= 87) p-value
demographic information
Age at intervention
Mean (SD) 41.8 (10.4) 43.6 (9.68) 0.255
Gender
Female 79 (90.8%) 79 (90.8%) 1.00
Male 8(9.2%) 8(9.2%)
Race
White 58 (66.7%) 62 (71.3%) 0.620
Black 9 (10.3%) 10 (11.5%)
Other 15 (17.2%) 9 (10.3%)
Unknown 5(5.7%) 6 (6.9%)
Ethnicity
Non-Hispanic 66 (75.9%) 71 (81.6%) 0.639
Hispanic 20 (23.0%) 15 (17.2%)
Not Disclosed 1(1.1%) 1(1.1%)
Diabetes Status
None 51 (58.6%) 50 (57.5%) 0.706
Pre-Diabetes 20 (23.0%) 17 (19.5%)
Diabetes 16 (18.4%) 20 (23.0%)
Pre-Intervention BMI (kg/m?)
Mean (SD) 43.1 (6.40) 43.2 (7.66) 0.965
Pre-Intervention %TWL
Mean (SD) 9.56 (9.50) 9.51 (9.15) 0.971
Interval (years)
Mean (SD) 4.90 (2.77) 4.71 (2.59) 0.652

Each cohort contained 87 patients (total N= 174)

Gender, race and ethnicity were self-identified by patients and obtained from the medical record

Continuous variables represented as mean (SD), with significance calculated using ¢ test

Categorial variables represented as absolute numbers (percent of column total), with significance calcu-

lated using chi-squared analysis

Significance set to p < 0.05

starting the medication (10 followed with tirzepatide during
the two-year follow-up), and 20 patients stopped the medica-
tion between one to two years after starting the medication
(15 transitioned to tirzepatide during the 2-year follow-up).
For patients remaining on semaglutide at these times, the
average dose at one year was 1.86 +0.71 mg per week and at
two years was 1.96 +0.68 mg per week. Of the patients with
two-year follow-up data (56 patients), 35 patients (62.5%)
remained on semaglutide and eight patients were on tirze-
patide (14.2%), for a total of 43 (76.8%) patients remaining
on medication.

Overall weight loss

We observed superior weight loss in the RYGB versus
semaglutide cohorts at every timepoint following interven-
tion for RWG (Fig. 2). Two years following conversion to
RYGB or initiation of postoperative semaglutide, the %TWL
+ SD from the time of intervention was 17.1 +8.1% and 7.6
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+ 13.6% respectively (mean difference =9.5%, 95% CI [2.6,
16.4], p=0.002, Fig. 2A). Additionally, we observed similar
weight loss outcomes between the RYGB and semaglutide
cohorts when normalizing % TWL to their weight prior to the
index SG, thus capturing the entire weight loss trajectory.
These trends are further re-demonstrated through compari-
son of BMI change between the groups (Fig. 2C, D). Using
a 10% TWL cutoff as a definition of an effective obesity
intervention, at one-year post-intervention, 82.6% of RYGB
patients met criteria (57 of 69 with data), but only 40.9% of
semaglutide patients did (27 of 66 with data), demonstrat-
ing greater variability in patient response to medication (p <
0.001).

We next sought to examine whether weight loss following
intervention for RWG is associated with the original effec-
tiveness of the index SG (Fig. 3). There was no significant
correlation between maximal sustained weight loss from SG
to nadir and one-year %TWL outcomes following RYGB or
semaglutide (Fig. 3A). Additionally, there was no significant
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Fig.3 Correlation between
sleeve gastrectomy outcomes
and intervention outcomes

at one year. Each data point
reflects an individual study
patient (68 patients in the
RYGB cohort, 66 in the
semaglutide cohort, total N=
134). Best fit lines reflect linear
regression. Correlation between
one-year intervention %TWL
and A SG nadir weight, B
Weight regain from nadir, and
C Interval between SG and
intervention. Significance set to
p<0.05

—— RYGB post-SG
—e— Semaglutide post-SG

association between the degree of RWG from SG nadir, and
effectiveness of the intervention in either cohort (Fig. 3B).
Finally, in the RYGB cohort, there was a positive associa-
tion between intervention %TWL and the interval between
SG and RWG intervention (p = 0.042). Thus, patients with a
longer interval between SG and their RYGB for RWG were
found to experience greater % TWL one year from the time
of intervention (Fig. 3C).

Resolution of obesity comorbidities

For patients with T2D (16 in the RYGB cohort, 20 in the
semaglutide cohort), there was no significant improvement
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in mean HbA,_ over time in either intervention group
(change from 6.4% to 5.4% in RYGB patients, 6.9% to 6.6%
in semaglutide patients, effect of time p = 0.070, effect of
intervention p = 0.144). Analyzing each cohort individu-
ally from pre-intervention to one year post-intervention, the
mean difference in HbA,, was — 0.5 +0.1% (n=4, 95% CI
[- 0.7, — 0.3], p= 0.006) in the RYGB group, and — 0.8
+0.9% (n =6, 95% CI [— 1.7, 0.1], p= 0.08) in the sema-
glutide cohort.

However, RYGB significantly reduced overall diabetes
medication requirements compared to semaglutide: 43.8%
and 5.3% had a decrease in diabetes medications (p= 0.018),
56.3% and 40.0% had no change (p = 0.526), and 0.0% and
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55.0% had an increased requirement in the RYGB and sema-
glutide cohorts, respectively (p= 0.001). Three patients in
the RYGB group were on insulin before RYGB, of which
only one remained insulin-dependent two years post-inter-
vention; four patients in the semaglutide group started on
insulin, and all remained insulin-dependent. In the semaglu-
tide cohort, semaglutide was counted as a diabetes medica-
tion with the interpretation that positive efficacy would allow
patients to stop taking other diabetes medication.

Overall, there was no significant difference in the change
in anti-hypertensive medications required by each group (p=
0.709). The majority of RYGB and semaglutide patients had
no change in their anti-hypertensive requirements over the
two-year follow-up period (82.8%, 80.5% respectively, p =
0.845), while 11.5% and 10.3% decreased their anti-hyper-
tensive requirements (p = 1.00) and only 5.7% and 9.2%
respectively had an increased requirement (p = 0.564).

Complications

Early, 30-day complications were similar in semaglutide and
RYGB cohorts (Table 2). Patients had similar rates of 30-day
ED visits (12.6% vs 6.9%, p=0.307) and serious complica-
tions (Clavien-Dindo (CD) III (5.7% vs 1.1%, p= 0.207);
CD 1V complications (1.1% vs 0.0%, p> 0.999). There were
no 30-day mortalities in either group.

At 2 year follow-up, the cohorts continued to have similar
rates of ED visits (54.0% vs 46.0%, p= 0.363) and hospi-
tal admissions (39.1% vs 31.0%, p= 0.340). The percent of
patients who underwent gastrointestinal operations in the

RYGB and semaglutide cohorts was 18.4% and 4.6% at 2
years (p = 0.025; specific operations listed in Supplemental
Fig. 2), with the majority of the difference being driven by
a significantly increased rate of diagnostic/exploratory lapa-
rosopies and operations for internal hernia following RYGB.
Cholecystectomies were not statistically different for RYGB
or semaglutide (1.1%, 3.4%, p= 0.613). Endoscopic inter-
ventions were also more frequent in RYGB than semaglutide
patients (6.9% vs. 0.0%, p= 0.038).

Gastrointestinal side effects were reported by 27.6% of
semaglutide patients, with the most common being nausea,
vomiting, and constipation (Supplemental Fig. 2). Nine
patients (10.3%) reported that they stopped the medication
because of side effects. There were no reported cases of pan-
creatitis in the semaglutide study group.

Semaglutide responder sub-group analysis

Consistent with previous studies, our patient cohort had
wide variability in weight response after semaglutide
therapy [29, 30]. To better understand how early variable
response to semaglutide impacted longer-term weight out-
comes, patients were stratified into ‘responders’ (> 5% TWL
at 3 months, n= 26, 30% of cohort) or ‘non-responders’ (<
5% TWL at 3 months, n= 61, 70%). The average duration
and dose of semaglutide use was similar in the responder
and non-responder cohort (Supplemental Table 3). At the
end of the 2 year follow-up, a minority of patients, similar in
both sub-groups, transitioned to tirzapetide; however, more

Table2 Complications and
patient reported side effects

RYGB (N=87) Semaglutide (N= 87) p-value

within two years post-

) ’ 30-Day Complications
intervention

Emergency Department Visits

Clavien-Dindo II

Clavien-Dindo III

Clavien-Dindo IV

Clavien-Dindo V

2-Year Complications

Emergency Department Visits

Hospital Admissions

GI Surgical Interventions
Non-Plastic

Laparoscopies + Internal Hernia Repairs

Plastic
GI Endoscopic Interventions

11 patients (13%) 6 patients (7%) 0.307
5 patients (6%) 1 patient (1%) 0.207
1 patient (1%) - > 0.999
47 patients (54%) 40 patients (46%) 0.363
34 patients (39%) 27 patients (31%) 0.340
14 patients (16%) 4 patients (5%) 0.025
10 patients (11%) 4 patients (5%) 0.164
8 patients (9%) - 0.011
5 patients (6%) - 0.070
6 patients (7%) - 0.038

Absolute number of patients followed by percentage of all patients in the treatment cohort

30-day and 2-year ED visit, hospital admissions, severe complications, and operations for patients in both

cohorts

Significance calculated with chi-square test with Yates correction

Significance set to p < 0.05
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semaglutide non-responders (31%) were off all medication
compared to the responders (15%).

%TWL for the semaglutide ‘responders’ at 2-years was

22.9 +8.6% compared to 17.1 +8.1% in the overall RYGB
cohort (mean difference =5.8%, 95% CI [— 4.1, 15.8], p=
0.423, Fig. 4B). However, semaglutide ‘non-responders’
had lower 2-year weight loss compared to the overall RYGB
cohort (2.8 £11.2% and 17.1 +£8.1%, respectively; mean
difference 14.3%, 95% CI [— 20.9, — 7.6], p < 0.0001,
Fig. 4A). A cohort of RYGB that was propensity matched to
the semaglutide ‘responders’ was created, and semaglutide
responders again had statistically equivalent weight loss with
the matched RYGB cohort (22.9 +8.6% vs. 14.5 +7.9%;
mean difference =8.4%, 95% CI [-2.2, 19.1], p= 0.169,
Fig. 4C).

Discussion

This retrospective cohort study compared RYGB conversion
and semaglutide for treatment of RWG after SG. RYGB con-
version led to greater and more consistent two-year %TWL
compared to semaglutide. Additionally, diabetes outcomes
were better with RYGB conversion, with improved HbAlc
control and more frequent in reduction of diabetes medica-
tions. Still, at one and two years, we found RYGB had only
16.8% and 17.1% TWL relative to pre-conversion weight.
Even when accounting for weight loss from the index SG
and RYGB conversion (average 23.9%TWL), these results
are lower than the 25-30% TWL plateau expected with a
primary RYGB [33, 34]. Our findings are consistent with
previous multicenter and systematic review findings show-
ing %TWL with RYGB conversion of 13.6-24.3% [16, 17,
31, 32]. Together, these data suggest that efficacy of RYGB

conversion for SG RWG is less than primary RYGB, and that

the population of patients who suffer RWG overall do less
well than primary surgery patients.

Semaglutide Non-Responders (<5% TWL at 3 months)
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Fig.4 Weight loss of semaglutide ‘non-responders’ and ‘responders’
through 2 years. A Non-Responders (< 5% TWL at 3 months) versus
overall RYGB cohort. Responders (> 5% TWL at 3 months) versus,
B overall RYGB cohort and C matched RYGB cohort. 2-year follow-
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Similarly, we observed a two-year 7.6% overall TWL with
semaglutide, lower than what has been reported in non-sur-
gical populations. The STEP trials found maximum-dose
semaglutide therapy leads to an average of 12.6% greater
TWL compared to placebo at two years [30]. However, real-
world efficacy of semaglutide and other GLP-1 agonists is
lower than what has been reported in trial and similar to
what we observed in our study [44]. Outside of clinical tri-
als, many patients struggle to maintain consistent treatment,
as we saw in our study, due to access, cost, and side-effects
of the medications. Compliance with treatment is a critical
drawback of the GLP-1 medications, as clinical trials have
also shown recurrence of weight if GLP-1 medications are
stopped [45].

Nevertheless, patients remain wary of surgical conver-
sion, perhaps due to fear of poor efficacy of repeat surgery
and the risks of the revisional surgery. Unfortunately, both
these concerns are supported by our data. Not only is overall
efficacy of conversion RYGB lower than primary RYGB,
but over 17% of patients achieved less than 10% TWL at
one year. Further, while the overall safety profile was accept-
able, with early complications comparable to semaglutide
treatment, patients who underwent RYGB conversion did
have higher longer term need for GI surgical and endo-
scopic reinterventions, driven by operations to treat or rule
out internal hernia. Other SG revisional operations, such as
single anastomosis duodenal switch, Biliopancreatic Diver-
sion with Duodenal Switch, and long-limb RYGB, have been
reported to be more efficacious than standard RYGB and
merit future comparison to GLP-1 therapy [33, 39-43].

In an effort to better identify patients who would benefit
from RYGB versus semaglutide, we performed subgroup
analysis of semaglutide ‘responders.” Using a cut-off of
TWL of >5% at three-months post-initiation of semaglu-
tide, we found that semaglutide responders had comparable
two year weight outcomes as RYGB conversion. Importantly,
only 30% of the overall semaglutide cohort met this mini-
mum definition of ‘responder,” highlighting the variability

Semaglutide Responders (5% TWL at 3 months)
Matched to RYGB

Hokokok

C)

RWG Intervention %TWI

T T T T T T
0 3 6 12 18 24
Months Post-Intervention

up for RYGB and semaglutide cohorts: A n= 44 (56% of eligible
patients) and n=29 (71%), B n= 44 (56%) and n=9 (60%), C n= 14
(64%) and n=9 (60%)
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of patient compliance and response to GLP-1 agonists dem-
onstrated in multiple studies [19, 29, 30]. Moreover, sema-
glutide ‘non-responders’ lost significantly less weight at two
years compared to the overall RYGB cohort, suggesting that
those patients who do not respond to semaglutide by three
months should consider surgical revision, rather than persist-
ing with medical therapy.

Robust pre-treatment factors that predict semaglutide
have yet to be identified [38]. Similarly, markers to identify
RYGB responders are overall weak and sparse [46]. A recent
study by Cuva et al. created the BE-CALM algorithm to
predict %TWL at one year post-SG to RYGB conversion
[35]. They identified higher index BMI, peak excess weight
loss after SG of >40%, and weight regain <20% after SG as
predictive of greater % TWL after conversion surgery. In our
study, nadir weight after SG and weight regain from nadir
did not impact RWG or SWL intervention weight outcomes;
however, we saw a positive correlation between the length
of time between the index SG and the RWG intervention
for patients in the RYGB cohort. The small numbers in our
study limit our power to detect predictors of response to SG
RWG treatments and highlight the need for future research
to identify pre-operative predictors of response to obesity
treatment.

Our study has several limitations, primarily related to
its single-center retrospective design. Despite a matching
strategy to minimize confounders, uncaptured differences
between our comparison groups may exist that could influ-
ence our findings. Additionally, patients in the semaglu-
tide cohort did not all consistently stay on therapy, due to
insurance coverage changes, medication shortages, and side
effects. A minority of patients transitioned to tirzepatide,
which limit our ability to completely isolate semaglutide
efficacy for RWG. However, these issues reflect real-world
challenges and efficacy of GLP-1 medications [44]. Our
study was also underpowered to fully detect differences in
obesity co-morbidity improvement. Finally, the BMI distri-
bution of patients in our study was low, with only 12.1% of
patients with a BMI > 50 kg/m?. The comparative efficacy
and risks of RYGB and semaglutide for RWG may differ in
patients at higher BML.

Conclusion

In summary, we find that overall, RYGB conversion leads
to greater and more consistent weight loss compared to
semaglutide for RWG after SG. RYGB also leads to greater
improvements in diabetes than semaglutide, although at the
cost of more future surgical or endoscopic GI interventions.
In patients who lose > 5% TWL by three months after sema-
glutide initiation, weight loss outcomes are equivalent to
RYGB conversion. Together, this work provides valuable

@ Springer

new data to guide providers and patients in personalizing
treatment of weight recurrence and suboptimal weight loss
following SG.
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