N
N

N

HAL

open science

Efficacy and safety of one anastomosis gastric bypass
versus Roux-en-Y gastric bypass for obesity
(YOMEGA): a multicentre, randomised, open-label,
non-inferiority trial
M. Robert, P. Espalieu, E. Pelascini, R. Caiazzo, A. Sterkers, L.

Khamphommala, T. Poghosyan, J. M. Chevallier, V. Malherbe, E. Chouillard,

et al.

» To cite this version:

M. Robert, P. Espalieu, E. Pelascini, R. Caiazzo, A. Sterkers, et al.. Efficacy and safety of one
anastomosis gastric bypass versus Roux-en-Y gastric bypass for obesity (YOMEGA): a multicen-
tre, randomised, open-label, non-inferiority trial. The Lancet, 2019, 393 (10178), pp.1299-1309.
10.1016/s0140-6736(19)30475-1 . hal-02195202

HAL Id: hal-02195202
https://hal.science/hal-02195202
Submitted on 22 Oct 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://hal.science/hal-02195202
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S0140673619304751
Manuscript_e7f30d2f1b0c69599¢36{8¢92cef465b

Efficacy and safety of one anastomosis gastric bypass ver sus Roux-en-Y gastric bypass
for obesity: a randomised, open-label, multicenter trial of non-inferiority (YOMEGA
trial).

1
2
3
4
5 Prof Maud Robert MD, Department of Digestive and Bariatric Surgery, Hospices Civils de Lyon, Hépital
6 Edouard Herriot, 5 Place d’Arsonval, 69437 Lyon, France

7 Dr Philippe Espalieu MD, Hopital Privé de la Loire, 39 Bd de la Palle, 42100 Saint-Etienne - France

8 Dr Elise Pelascini MD, Department of Digestive and Bariatric Surgery, Hospices Civils de Lyon, Hopital

9 Edouard Herriot, 5 Place d’Arsonval, 69437 Lyon, France

10 Prof Robert Caiazzo MD, General and Endocrine Surgery Department, Huriez Hospital, 2 Av. Oscar Lambret,
11 59037 Lille, France

12 Dr Adrien Sterkers MD, Department of Digestive, Hepatobiliary Surgery, Centre Hospitalier Privé Saint

13 Grégoire, 6 Bd de la Boutiére, 35760 Saint Gregoire, France

14 Dr Lita Khamphommala MD, Department of Digestive, Hepatobiliary Surgery, Centre Hospitalier Privé Saint

15  Grégoire, 6 Bd de la Boutiére, 35760 Saint Gregoire, France

16 Dr Tigran Poghosyan MD, Digestive Surgery Department, Hopital Européen Georges Pompidou, 20 Rue

17  Leblanc, 75908 Paris, France

18 Prof Jean-Marc Chevallier MD, Digestive Surgery Department, HOpital Européen Georges Pompidou, 20 Rue
19  Leblanc, 75908 Paris, France

20 Dr Vincent Malherbe MD, General and Endocrine Surgery Department, Hopital Privé Drome et Ardéche, 180
21 Rue Pierre Curie, 07500 Guilherand-Granges, France

22 Dr Elie Chouillard MD, Department of General and Digestive Surgery, Centre Hospitalier Intercommunal Poissy
23 - Saint-Germain-en-Laye, 20 Rue Armagis, 78100 Saint-Germain-en-Laye, France

24 Prof Fabian Reche MD, Digestive Surgery Department, CHU Grenoble, BP 217, 38043 Grenoble, France

25 Dr Adriana Torcivia MD, Department of Digestive, Hepatobiliary Surgery, Hopital Pitié Salpétriere, 47 Bd de

26 I'H6pital, 75013 Paris, France

27 Prof Delphine Maucort-Boulch MD, Biostatistics Department, Hospices Civils de Lyon, Centre Hospitalier Lyon
28 Sud, 165, Chemin du Grand Revoyet, 69495 Pierre Benite, France

29 Dr Sylvie Bin-Dorel MD, Clinical Research Unit, Hospices Civils de Lyon, 162 Av. Lacassagne, 69424 Lyon,

30 France

31 Carole Langlois-Jacqueq MSc, Biostatistics Department, Hospices Civils de Lyon, Centre Hospitalier Lyon Sud,
32 165, Chemin du Grand Revoyet, 69495 Pierre Benite, France

33 Dr Dominique Delaunay PhD, Department of Digestive and Bariatric Surgery, Hospices Civils de Lyon, Hépital
34 Edouard Herriot, 5 Place d’Arsonval, 69437 Lyon, France

35 Prof Francois Pattou MD, General and Endocrine Surgery Department, Huriez Hospital, 2 Av. Oscar Lambret,
36 59037 Lille, France

37 Prof Emmanuel Disse MD, Department of Endocrinology, Diabetology and Nutrition, Specialized Center for

38 Obesity Management, Hospices Civils de Lyon, Centre Hospitalier Lyon Sud, 165, Chemin du Grand Revoyet,
39 69495 Pierre Bénite, France

© 2019 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/


http://www.elsevier.com/open-access/userlicense/1.0/
https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S0140673619304751
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0140673619304751

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

Correspondence to:

Prof Maud Robert MD, Department of Digestive anditaic Surgery, Hospices Civils de Lyon, Hopital
Edouard Herriot, 5 Place d’Arsonval, 69437 Lyorarkae, e-mail: maud.robert@chu-lyon.fr, Phone: +324
11 62 63

Summary

Background

One Anastomosis Gastric Bypass (OAGB) is incredginged in the treatment of morbid obesity. Thécaffy
and safety outcomes of this procedure remain howeebated. We report the results of YOMEGA, a
randomised trial comparing the outcomes of OAGBtasidard Roux-en-Y gastric bypass (RYGB).

M ethod

This prospective, multicenter, randomised triahof-inferiority was conducted in nine French ohesgnters.
The primary endpoint was excess body mass index(BBL) % at 2 years. Metabolic efficacy and safegre
secondary endpoints. A per protocol analysis wapaed.

Findings

From May 2014 to March 2016, 253 patients were oaryg assigned to OAGB (n=129) or RYGB (n=124).
After 2 years, mean EBL% was -87:9% in the OAGB &8f 23-6) and -85:-8% in the RYGB arm (SD 23-1)
confirming non-inferiority (mean difference -3-3%P9{1;2-6], non-inferiority limit 7%). Mean decrease
HbAlc was significantly higher in the OAGB arm @% +/- 1-4 vs -0-6% +/- 0-8, p=0-0037). Incidente o
diarrhea was significantly higher in the OAGB art®-(%, 14/71) vs. RYGB (7%, 5/71, p=0-04; OR= 3-07,
IC[1-04;9-08]) with a higher median steatorrhea GBA 11 g of lipids/ 100g stools, IQR 7-9-12-8 v¥.GB: 7

g, IQR 5-5-10, p0-0002).We observed 18-9% (n= 11/58) of gastitis 10- 3% (n=6/58) of esophagitis in the
OAGB arm vs. 6-3% (n=4/63) and 3-1% (n=2/63) forGBY Sixty-six Serious Adverse Events (SAE) related
surgery were reported (RYGB:24 vs OAGB:42, p=0-04@) which 21-4% (n=9/42) were nutritional
complications in the OAGB arm versus none in the@®Yarm (p=0-0034).

Interpretation

OAGSB is not inferior to RYGB regarding weight loaad metabolic improvement at 2 years. Higher rafes
diarrhea, steatorrhea and nutritional adverse sveerte observed with a 200cm biliopancreatic linhGB,
suggesting a malabsorptive effect.

ClinicalTrials.gov Identifier: NCT02139813
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I ntroduction

Obesity and its comorbidities remain a priority fcithealth issue for most countries worldwiti&ariatric
surgery has now demonstrated through several petigpérials and meta-analysis its efficacy, nolydn terms

of weight loss, but also glycemic control and reitut in cardiovascular risk® Since the early 2000s, the
number of bariatric procedures has increased exiatlg.® In parallel, the surgical techniques have evolved
with the objective to find the best procedure imte of weight loss and metabolic control that isoagated with
the fewest number of side effects and complicatiamd decreased invasivenésgost learned societies have
published guidelines regarding validated bariariocedure§ but the many emergent techniques are not all
well evaluated in terms of outcomes and safety.

With more than 40 years of practice, the Roux-e@astric Bybass (RYGB) remains one of the gold stashd
procedure for patients with morbid obesity and melia disorders in most of the reference cent®fgore
recently, a modified gastric bypass that consi$ta single gastro-jejunal anastomosis between g fastric
pouch and a jejunal omega loop has been deschibils new procedure, initially called “mini-gasttiypass”

or “One Anastomosis Gastric Bypass” (OAGB), seenechave the advantage of being less technically
demanding and potentially less morbid. Weight lmsd metabolic outcomes initially published wereyasd as
those reported for the RYGB or even betfér. Nevertheless, OAGB, which is derived from the |aggstric
bypass initially described by Mason and Ito is édeed by many surgeons at risk of biliary refluxda
anastomotic ulcer$:*® Many surgeons who do not perform the procedure fear the risk of gastric and
esophageal canc&f?? Published data essentially come from retrospestivdies and one recent metaanal§sis,
although two randomised trials comparing OAGB toG® have been reportelf:'®> The first was published in
2005 and included 80 patierttsThe authors concluded that OAGB is a simpler afdrsprocedure at 2 years
follow-up. However, the statistical power of thisidy and, in particular the methodology used tewdate the
sample size, is open to criticism. The second ramisied trial was recently publishédand compared 200
OAGB to 200 RYGB and 200 Sleeve Gastrectomies (3B authors concluded that OAGB achieved better
weight loss and remission of comorbidities compatedthe two other procedures. Nevertheless, the
methodology of this trial is also questionable watt obvious lack of data regarding selection ofep#t and
biological outcomes, but also missing data wererapbrted. Therefore, despite strong initial endars that
spread rapidly around the world, the value of fiecedure remains debated. In the absence of high-I
evidence regarding the efficacy and safety of OA@B,conducted a randomised controlled trial thamgared

it to the validated RYGB.

Resear ch in context

Evidence befor e this study

We searched PubMed from January 1, 2000 and Noweini#018 for randomised controlled trials compgrin
OAGB to RYGB. We also used the following searchrgr “One anastomosis gastric bypass”, “minigastric
bypass”, “omega loop gastric bypass”, “Roux-en-Ystga bypass”, “bariatric surgery”, “biliary reflix
“malnutrition”. Published data essentially comenfroetrospective studies including one recent matdyais,
suggesting similar weight loss and metabolic oue®mwith both procedures, or even better outcomels wi
OAGB. To the best of our knowledge, two randomis@ls comparing OAGB to RYGB have been published

but none had previously published protocols orcifisites and they do not meet high quality cidterhe first
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of these published randomised trials had a smaipfa size that was calculated on the basis offardifce in
operative time although they concluded on the afficand safety; both procedures achieved similagiwdoss
and metabolic outcomes at 2 years, OAGB appeasragsampler and safer procedure. The methodologlyeof
second randomised trial comparing OAGB to RYGB &télis also criticable, withan obvious lack of data
regarding selection of patients, biological outcemeut also missing data that were not reportedeNleeless,
there is still a controversy regarding the riskdgéplastic modifications of esophageal and gastricosa due to
biliary exposure after OAGB, as well as a poterttigher nutritional risk.

Added value of thisstudy

This multicenter randomised trial has been desigtweédnswer controversial issues regarding weighs,lo
metabolic outcomes, and most of the safety questiegarding gastrointestinal and nutritional conseges.
The findings indicate that OAGB is not inferiorRYGB in terms of weight loss and metabolic improesat
2 years. However, the higher incidence of diarrle@atorrhea, and nutritional adverse events obdewith
OAGB indicate that there is a nutritional risk agated with this procedure when the biliopancretatib is 200
cm long. Endoscopic findings at 2 years of follopreporting a 15.5% rate of bile exposure in tloenstch in
the OAGB arm advocate for other studies with endpiccontrols over the long term.

Implications of all the available evidence

The results of the present study support the efficaf OAGB in terms of weight loss and metabolic
improvement as compared to the validated RYGB,isuml favor of a stronger malabsorptive effect. Teater
nutritional risk observed with a 200 cm bilioparatie limb requires close follow-up by physiciangwspecific
bariatric training. Endoscopic findings confirm ebiéxposure of esophageal and gastric mucosa afA&BO
Other studies with long-term follow-up are necegdardetermine the consequences of biliary exposuceder
to dispel ambiguity and avoid any controversy. phesent trial also promotes further discussion otemtial
modifications of the technical aspects of OAGB, hsuas the biliary limb length, with a view to limit

postoperative side effects.

Methods

Study design and inclusion criteria

YOMEGA trial is a prospective multicenter, opendgbnon-inferiority randomised controlled trial, tivitwo
arms comparing OAGB to RYGB terms of weight loss (primary endpoint). Effigan terms of metabolic
parameters and safety were secondary endpointaré-igj. Nine high-volume bariatric institutions (over 150
procedures a year) withlarge experience in gastric bypagsre involved in the study. Patients were included
their Body Mass Index (BMI 40 kg/nf or = 35 kg/nf with the presence of at least one comorbidity €rgp
Diabetes mellitus — T2D, high blood pressure, alusive sleep apnea, dyslipidemia, or arthritisgdbetween
18 and 65 years, after multidisciplinary evaluatiand written informed consent. They benefited fram
preoperative upper gastrointestinal (Gl) endoscepth biopsies. History of esophagitis, severe Gastr
Esophageal Reflux Disease (GERD) resistant to RrBiamp Inhibitors (PPI), Barrett's esophagus, aistbiy
of previous bariatric surgery were exclusion ciiteRecruitment was from May 2014 to March 2016] #re
last visit of the last patient included occurredMarch 2018, after a 2-year follow-up. Patientseveonsidered

as lost to follow-up if no information was obtaineefore database lock.
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The study was approved by the national ethics cameniCPP Sud-Est IV 14/027) and by the competent
authority (Agence Francaise de Sécurité du MédicanNSM 140244B-21).

Primary and secondary endpoints

The primary endpoint wasxcess BMI Loss percentage (EBL%) at 2 years aftedomisation defined as (BMI
at 2 years - initial BMI) / (initial BMI - 25)The secondary endpoints were assesséd3t6, 18, and 24 months
of follow-up; these included weight and BMI, as laed the early and late complications and theiesgvat 2
years. We also assessed the incidence of GERDiartieh (Gastro Intestinal Quality of Life IndexGHQLI —
self-administered questionnaire), steatorrhearabbths (g of lipids / 100g of stools on the 24tokth dumping
syndrome (Sigstad score > WMjetabolic profile was evaluated by measuring Fgstiycemia (FG), HbAlc,
Triglycerides (TG), High Density Lipoprotein chaotesol (HDL-c), Low Density Lipoprotein cholester@DL-

c), and total cholesterol; antidiabetic, antihypesive and lipid-lowering medications were alsoorded.
Diabetes remission status at 2 years was definedraplete remission if HbAlc < 6% and fasting giyie <
5-6 mmol/l without active pharmacological therapyomgoing procedures, and partial remission if HoAl
6-5% and fasting glycemia between 5-6 and 6-9 rhmilout active pharmacological therapy or ongoing
procedures. Nutritional status was assessed viansatbumin, prealbumin, hemoglobin, ferritin, tréasin
saturation coefficient, Parathyroid Hormone (PTéBlcemia, and vitamins B1, B9, B12, D. Malnutritiomas
defined as albumin < 30 g/l and/or prealbumin <00g2. A patient was considered as having vitangfiaiency

if s/lhe had at least one of the following: vitanBd < 66 nmol/l, vitamin B9 < 6 ng/ml, vitamin B12 k5
pmol/l, vitamin D < 50 nmol/l, or PTH > 50 pg/nilemoglobin < 12 g/dl was considered as anemia,iramd
deficiency was defined as ferritin < 15 pg/l andfansferrin saturation coefficient < 20%. An upp&t
endoscopy was performed at 2 years of follow-uphwsistematic biopsies to evaluate the histological
modifications of the gastric and esophageal mucd&aalso recorded the overall number and type oib8er
Adverse Events (SAE) and those related to surgerwell as early (within 30 days) and late (overdzys)
surgical complications. Quality of life was asselsgéth self-administered questionnaires: the Bedaknalysis
and Reporting Outcome System (BAROS) that haslévels (failure, fair, good, very good, excelleatyd the
Impact of Weight on Quality Of Life (IWQOL) assessnt tool. The IWQOL questionnaire consists of 31 items
exploring five dimensions: mobility, self-esteenucial life, working conditions and sexual life, thmost

pejorative score being 155 whereas the best ss@e.i

Randomisation and sample size

Randomisation was performed at a 1:1 ratio steatifiy center with blocks of variable size. Consittea mean
EBL% of 60% in the RYGBP group at 2 year§ the hypothesis was that OAGB would not be infetimr
RYGB if the difference in EBL was less than severcpntage points<(5 kg). Assuming a standard deviation of
21% in both groups with a 10 % lost to follow-u@28lpatients per group (256 subjects in total) wereded to
conclude to the non-inferiority of OAGB with a sstical power of 80% and amrisk of 5 %.

Surgical techniques (Figure 2)
Bariatric procedures were performed laparoscopicaid were standardized. RYGB consisted of a sgaeiric

pouch (30 cc), a 150 cm alimentary limb and a 50bdrary limb (Figure 2a). Mesenteric defects welesed.
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OAGB consisted of a long gastric tube beginninthatlandmark of the incisura angularis and caldgawith a
37 French bougie. A single gastrojejunal anastosnesis performed using a linear stapler with a péitcreatic
limb of 200 cm (Figure 2b). A systematic suppleragion of multivitamins, iron, calcium, vitamin Blghd D
was prescribed associated with 40 mg of PPl andm@®f ursodeoxycholic acid during 6 months to prav

marginal ulcer and gallstones.

Statistics

Primary and secondary efficacy outcome analyses werformed in the per protocol population; thisluded
all randomised patients who contributed data exotug@atients with major deviation to the protogmiggnancy,
death, withdrawal of consent, switch of surgicalqadure). A 90% confidence interval (Cl) of thefeliénce for
the primary endpoint was determined (one sided §%aalevel) so that non-inferiority was concludédhie
upper bound of this interval was inferior to thensinferiority limit (seven percentage points). Aysds of
secondary outcomes were not corrected for multipl@parisons, so the results cannot be used forthgpis
testing or inference. Comparisons were performedguthe Student t-test or the non-parametric Witzoxest
for quantitative endpoints, and the €test or the Fisher exact test for categorical eimdg. For quantitative
normal endpoints, the 95% bilateral confidenceriratks were given for the mean difference (two siiédalpha
level). The incidence of Serious adverse eventpatent in both groups was compared using thditiked test
from Poisson regression.

Missing data in the primary outcome analysis werputed with the use of multiple imputation techmg (five
imputed data sef¥)with prediction based on surgical group, gendge, and weight at baseline. Sensitivity
analyses were performed for the primary outcomedas i) the full per protocol population dataggtall the
included patients according to their arm randontilycated, irrespective of actual arm, with multipieutation,
iii) the per protocol population with multiple imgation and addition of seven percentage pointseoimputed
values in the OAGB arm. Safety end points were ss&skin the safety population (all patients inctuded
randomised) in which patients were assigned tagthap to which they were randomised.

Analyses were performed using SASoftware version 9-4 (SAS Institute, Cary, NC, US)

Role of the funding source

The clinical research department of the Hospicasl<Cde Lyon received financial support from theetich
ministry of Health (Direction Générale de I'Offre &oin, study number 2013-037) to perform this canded
trial. The funder of the study had no role in stuthsign, data collection, data analysis, data pnétation, or
writing of the report. MR, ED, SBD, and DMB had Ifaccess to all the data in the study and had final

responsibility for the decision to submit for puatiion.

Results

From May 2014 to March 2016, 253 patients were oanlyl assigned to OAGB (n=129) or RYGB (n=124),
safety population. There were 234 patients whordmrted data to the study, per protocol populafionll? in
each arm); 22-5% of patients were lost to followfap the primary end-point: an hypothetic weigthswa
therefore imputed to them so as to contribute ¢oathalysed sample (Figure 3).” In the per protpogulation,
mean age was 43-5 years (SD 10-8), mean BMI wa8 K@nt (SD 5:-6). There were 75-2% of female
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(176/234) and 27-5% of Type 2 Diabetic patientdd58). Characteristics of the study population@esented
in Table 1.

Surgical outcomes

The mean operative time was significantly shonethe OAGB arm (85 min, SD 35) than RYGB (111 nSi

42; p < 10f). The median length of stay was 5 days for bothugs (OAGB: IQR 4-5, RYGB: IQR 4-6).
Intraoperative complications occurred in 4 casethénRYGB group (hemorrhage n=3, bowel injury n¥4) 8
cases in the OAGB (hemorrhage n=4, bowel injury,rst&pling of the nasogastric tube n=2). In the@Byarm
two patients had a switch of technique: one hatteve due to severe bowel adhesions and the otfeehad
OAGB due to the thickness of the mesenteric fatiatrdoperative difficulties. In the per protocapulation,
the rates of early and late surgical complicationshe RYGB arm were 6-8% (8/117) and 12-8% (15/117
versus in the OAGB arm 3-4% (4/117, p=0.24) an@%6(19/117, p=0.45) respectively. Among early stabi
complications, we observed in the RYGB arm (n=&)olvel obstruction, 2 wall abscesses, 1wall hematdma
haemoperitoneum, 2 trocar hemorrhages and 1 seesripation; only 2 of them were complications rove
Grade 3 of Dindo-Clavien score and required sutgitanagement. In the OAGB arm, among early surgical
complications (n=4) we reported 1 peritonitis, &ngtsis of the gastro-jejunal anastomosis, 1 watidiema, 1
hematoma of the gastro-jejunal anastomosis; onéy afnthem was over Grade 3 of Dindo-Clavien scoré a

required a surgical management.

Weight loss outcomes

Mean EBL% at 2 years was -85-8% in the RYGB arm £3D1) and -87-9% in the OAGB arm (SD 23-6;
Figure 4). The mean difference of EBL% was -3-I@etage point [-9-1;2-6] in favor of OAGB and thpper
bound of confidence interval was 2-6 percentagatfpi for non-inferiority=0-0024). This was lowédran the
non-inferiority limit of seven percentage point,nfioming that OAGB is not inferior to RYGB in ternuf
EBL%. This result was confirmed by the sensitidtyalyses (maximal upper bound was 3-9 in thedashario,
p=0-007; 2-2 in the second scenario, p=0-002;r5tBei third scenario, p=0-024). Mean % total boayght
loss was -35-4% (SD8-1) in the RYGB arm versus1%7(SD10-3) in the OAGB arm, confirming non-
inferiority (mean difference -1-4% [-3-7;0-99],qv hion-inferiority <10.

Metabolic outcomes

In the per protocol population, mean HbAlc at 2ryamas not statistically different in the OAGB a(fn 2%,

SD 0-6) than in the RYGB arm (5-5%, SD 0-7; p=0)08®e mean decrease in HbAlc at 2 years was
significantly greater in the OAGB arm (-1-2%, S@)lthan in the RYGB arm (-0-6%, SD 0-8; p=0-003#)s
was also significant in the sub-group of patienih Ww2D; the mean decrease in HbAlc was -2-3% (S ih

the OAGB group vs. -1-3% (SD 1-02) in the RYGB gr@¢p=0-025; Table 2). There was a 60-0% (n=12/20)
complete T2D remission rate, and a 10-0% (n=6/6@&ig T2D remission rate in the OAGB group vs.5%%:
(n=6/16) and 6-3% (1/16), respectively, in the RY@Bup; the proportions of T2D remission were not
significantly different (p=0-28; Figure 5). Therasvno significant difference at 2 years betweensanrthe
values and decrease of FG, TG, LDL-C, HDL-C, andiltcholesterol (Table 2).
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Nutritional status

In the per protocol population, mean serum albuamd prealbumin values were not significantly digfetr
between arms at 2 years: respectively, OAGB: 44-1S§ 3-03 and 0-25 g/l SD 0-05 vs. RYGB: 42{123JD
3:08 and 0-24 g/l SD 0-04; p=0-51 and 0-78. Tdiddnce of malnutrition at 2 years was also natificantly
different (OAGB: 10-8%, n=7/65 vs. RYGB: 16- 7%, 0/80; p=0-34). There was a significant differencéhie
mean decrease of hemoglobin in the OAGB arm (-30; 3D 20-57) compared to the RYGB arm (-3 g/l, SD
10-07; p=0-036, Table 3); there was no significdifference regarding the incidence of anemia oniro
deficiency (OAGB: 28-3%, n= 17/60 vs. RYGB: 36-28621/58; p=0-36). We did not find any significant
difference neither in the levels of vitamins northe frequency of vitamin deficiencies (OAGB: 84-5f&
49/58 vs. RYGB: 83-3%, n=40/48, p=0.87) at 2 yedrsllow-up.

Side effects and endoscopic data

There was a significantly higher incidence of diea in the OAGB arm compared to the RYGB arm at 3
months (26% n=25/96 vs. 3-2% 3/94, p=0-0003, AR53; 95%CI [3-03; 43-86]) and at 2 years (19-7%
n=14/71 vs. 7% n=5/71, p=0-04, OR= 3-07; 95%Q0419-08]). There was also a significantly highexam
steatorrhea in the OAGB arm at 6 months (11 gpid$/ 100g stools) than in the RYGB arm (7 g oidg 100g
stools, p<1G). There was a significantly lower frequency of gaing syndrome in the OAGB arm at 3 months
(8:4% n=8/95) vs. RYGB (23-9% n=22/92, p=0-00R=029; 95%CI [0-12; 0-68]), and no significant
difference at 2 years (OAGB: 14% n= 10/71 vs. RYGB-4% n= 11/71, p=0-82, OR= 0-91; 95%CI [0-39;
2-14]). The frequency of GERD was 5-6%, n=4/71hia OAGB arm vs. 1-4%, n=1/71 in the RYGB arm
(p=0.5; OR=0-15, 95%CI [0-19; 1-3]). Fifty-two pent of the patients (n=121/234) had an upper Gbscapy

at 2 years of follow-up. We observed 18-9% (n= &L&F gastritis and 10-3% (n=6/58) of esophagitighe
OAGB arm vs. 6-3% (n=4/63) and 3-1% (n=2/63) forGBY In the OAGB arm, 15-5% of the patients (n=9/58)
had bile in the gastric pouch vs. none in the RY4Bi®, and one case in the same patient of intestistdplasia

and dysplasia on the gastric and esophageal bopsis also found (Table 4).

Serious Adverse Events

At 2 years of follow-up, there were nearly twiceraany overall SAE and SAE related to surgery in@#eGB
arm (n=67 and n=42, respectively) as in the RYGB &n=38 and n=24, p=0-009 and p=0-042 respectively)
Among the SAE related to surgery, 21-4% (n=9) warkitional complications in the OAGB arm vs. nane
the RYGB arm, p=0-0034 (Table 5). Among these $pts with nutritional complications, all had ah$t one
vitamin deficiency and/or malnutrition and/or anaror iron deficiency (Table 6); the mean absolugégim loss

in this subgroup was -58-4 kg (SD -28-8). Mosth& SAE in the RYGB arm were hospitalization due to
abdominal pain 20.8% (n=5), which was not repoitethe OAGB arm. There was no significant differeric
the proportion of patients with at least one SAEMeen arms (OAGB: 28/129 (21-7%) vs RYGB: 19/124
(15-3%), p=0-19). There was a significantly highember of SAE related to surgery per patient in@#eGB
arm (p= 0-042). Four patients with OAGB requireshv@rsion to RYGB: one for anastomotic leak, one for

Wernicke encephalopathy and 2 because of sevéaeytrieflux reluctant to medical therapy.
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Evolution of quality of life

At 2 years of follow-up, the improvement of quality life was not significantly different in both ras with
good, very good and excellent BAROS scores for 5485-9%) patients in the RYGB arm vs. 63/67 (94%)
patients in the OAGB arm (p=0-15). Regarding IWQ&bres, all dimensions explored improved signifilgan
with both techniques during the 2-year follow-ug:1p?), except for sexual life which was not assessestdu
missing data for this item. There was no signifiadifference between both arms regarding the soofriéise 4
dimensions studied: mean physical function improlgd0-4 points for OAGB (SD 11-9) vs. 21-5 pofiots
RYGB (SD 8-4, p=0-57), mean self-esteem improved by2 points for OAGB (SD 9-3) vs. 12-1 points for
RYGB (SD 6-8, p=0-52), mean public distress impdolg 5.5 points for OAGB (SD 6.2) vs. 6-1 points fo
RYGB (SD 3-8, p= 0-52) and mean working conditimmgroved by 4 points for OAGB (SD 3-2) vs. 47 p®in
for RYGB (SD 3-3, p=0-26).

Discussion

This multicenter randomised trial found that OAGBnot inferior to RYGB in terms of EBL% at 2 yeaunsjng
a 200 cm biliopancreatic limb in the OAGB arm anthb@ cm alimentary limb and 50 cm biliopancreaitithl in
the RYGB arm. This finding is in accordance witle first randomised trial published by Lee et al2005
who reported 64.4 EWL% in the OAGB at 2 years dlofg-up vs. 60% in the RYGB arm (p=0-154). In this
trial, the length of the afferent limb of the OAGHxs also 200 cm, which is the standard and injtiddiscribed
in the first report of the techniqd&ln the second randomised trial, which was repobgdRuiz-Tovar et af?
the authors found a significantly higher EBL% ir tBAGB group compared to the RYGB group at 2 yeérs
follow-up (103-4% vs. 87-2%, p<0-001), which wasoafound at 5 years. In this study, the lengthhef t
biliopancreatic limb was longer; it varied from 206 to 350 cm depending on the length of the totalel
following the ratio Biliopancreatic limb 60%/Commdimb 40%. The longer afferent limb could explahet
greater weight loss observed in this study compaoetierein. However, the validity of this result ynbe
guestioned; although the authors reported a vewréde of loss to follow-up (9% at 5 years) whicdsmever
been reached before in bariatric studies, they atoprovide any information regarding missing data the
EBL% which was the primary endpoint.

Regarding glucose homeostasis, in the present stugignificantly higher decrease in HbAlc% at 2rgesas
found in the OAGB arm. Among patients with T2D, ettbr improvement in HbA1c% in the OAGB group was
observed, but despite a trend towards more frequenission of T2D in this group, the difference waxt
statistically significant. This may be related he number of subjects with T2D included as inrttega-analysis
reported by Magouliotis et 4. T2D remission rate was greater with OAGB. Regaydime lipid profile, no
significant difference between arms was found, Wihscin accordance with the previous meta-anafysis.

The good weight loss and metabolic outcomes of OAGHEId be explained by the malabsorptive effecthef
procedure. This hypothesis seems to be supportdliebsignificant increase rate of diarrhea in tHe3B arm at
2 years, as well as the higher mean steatorrheath&nstrong argument in favor of this malabsomptidfect is
the high frequency of nutritional complications argahe SAEs related to surgery; all those concehsatiat
least vitamin deficiency and/or malnutrition and/anemia or iron deficiency. Despite systematic o$e
multivitamin supplementation and close follow-uperte was a case of Wernicke encephalopathy in K@8ED

arm that required conversion to RYGB. Howeversibf note that recent publications have also reposevere
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nutritional complications after OAGB. For instan@enser et &° published 26 cases of severe and refractory
malnutrition after OAGB leading to reversal to natranatomy; the mean delay of reversal surgery 2Ga8
months (SD 13-4). Intraoperative measurement mfd@ihcreatic limb length was assessed in 12 patiét 5%

of them had a biliopancreatic limb longer than 280— the mean length was 320 cm (SD 63-9) and 8hé&bo
chronic diarrhea. The mean length of the effereaplwas assessed in 9 patients and was greateA@aom
meters, suggesting that the length of the biliopeatic limb is the one that is determinant for itiginal status.
Betry et al. also reported 12 cases of severe midlon after bariatric surgery and 58-3% of theadha
OAGB ?® The authors found low rates of liposoluble vitasngspecially vitamins A and E, 2 cases of Wernicke
encephalopathy in the OAGB group, and concluded @aGB could be a more malabsorptive procedure,
tending to demonstrate that it is not a “mini” pedare. In addition, a recent study reported 17 sase
conversion from OAGB to RYGB for severe complicagd’ Among them, 58-8% received preoperative
nutritional support for undernutrition. The authemcluded that conversion from OAGB to RYGB allofes
weight correction in patients with undernutritiorgduces disabling digestive disorders, and imprabwes
nutritional status of patients. A greater incidemmdemalnutrition after OAGB compared to RYGB wasal
reported in the metaanalysis of Magouliotis efl.

In the YOMEGA trial, we did not observe any biologji difference between the arms regarding meamseru
albumin, prealbumin and vitamin deficiencies. Wearfd a significant decrease in hemoglobin in the GA(Em
compared to the RYGB arm, but the rates of anemison deficiency were not significantly differer@ne
limitation of the study could be that we did nosess specifically levels of vitamins A, E, and Kiethcould be
more impacted by fat malabsorption. Regarding ¢iellof vitamin D, another fat-soluble vitamin, thevas no
significant difference between arms at 2 years, thig vitamin was systematically supplemented afteth
procedures; furthermore, the number of missing datdd have impacted the power of this analysisotAer
limitation is that although all patients were sugpénted with iron, calcium, and multivitamins, wie dot
record adherence.

The length of the biliopancreatic limb has beensmgred as a strong factor implicated in malnainitiSince
2017, KK Mahawar and others have published sevaritles regarding the nutritional risk of a tomdo
biliopancreatic limb when performing OAGB, suggegtinot to exceed 150 cffi*® In the randomised trial
reported by Ruiz-Tovar et &.the length of the biliopancreatic limb was betwe2®0 cm and 350 cm.
Surprisingly, the authors did not report a higheraf malnutrition: among the 200 OAGB only 3 sulgec
presented hypoproteinemia, coinciding with periddlloess, and which were satisfactorily managedhva
course of hyperproteinated supplements. We arenagjaick here by the very low rate of complicatiamgach
group (4 internal hernia and 3 anastomotic ulcen®reg 200 RYGB, and 2 uncontrolled biliary reflux, 2
anastomotic ulcers and 3 hypoproteinemia among28GB).

Another point to consider is the impact of a shdlibpancreatic limb on the rate of biliary reflas the greater
the afferent limb is short the more the bile shdagdconcentrated. The risk of biliary reflux expesis a matter
of concern for most digestive surgeons as reportedntly from a survey of 417 surgeons not perfogmi
OAGB that aimed to understand their objectiob$% feared gastric cancer and 45% feared of esephag
cancer’? In an experimental study assessing biliary reéifier OAGB in rats, Bruzzi et al. reported an irsed
bile acid concentrations in the esogastric segroEMAGB rats compared to shaththe authors found a mean

bile acid concentration 2-8 times higher in the @A@oup at 7 weeks, that increased to 4-2 timelsehnigt 16
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weeks follow-up. On gastric cardia biopsies, thegyarted a significant increase of eosinophilic palsiear cell
infiltration into the chorion of OAGB rats, but mietestinal metaplasia. The authors concluded tiha@tmonth
evaluation in rats represents an equivalent exposubiliary reflux of 12 to 16 years of human Jit:nd this
may be insufficient when analyzing esogastric cangenesis risk. Herein, upper Gl endoscopies pagdrat 2
years found that 15-5% of patients in the OAGB &aed bile in their stomach, which was not found iy af
the RYGB patients. Furthermore, in the OAGB arm3®0-of patients had esophagitis and there was e afa
dysplasia on gastric and esophageal biopsies wh&&®6 of patients in the RYGB arm had esophagiiis
there was no case of dysplasia. Although we areaht# to conclude yet on a potential carcinogeisk of
OAGB related to biliary reflux in humans becauseth# lack of long-term data, we should keep in ntimat
duodenoesophageal reflux has been shown to proesofghageal carcinogenesis in experimental métels.
The limited number of patients included in thiskrthe relatively short follow-up and the low fol-up rate are
limitations of this study. Other complications suah those related to malabsorption, that can taeFsyto
develop, were not possible to assess with our. tnatonclusion, OAGB is not inferior to RYGB in tesnof
weight loss and metabolic improvement at 2 yeaighét rates of diarrhea, steatorrhea, and nutetiaedverse
events were observed in the OAGB arm, suggestingadabsorptive effect of this bariatric procedure.
Prospective studies with long-term follow-up areded, especially to assess the risk of biliaryureiih the long

term and the impact of modifying the length of Hil@pancreatic limb on the outcomes.
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Table 1 Baseline characteristics of the population

Characteristics at baseline Per protocol population RYGBP OAGB
Mean age, years (SD) 43-5 (10-8) 42-6 (10-2) 44-4 (11-4)
n (missing data) 234 (0) 117 (0) 117 (0)
Female gender, n (%) 176 (75-2%) 91 (77-8%) 85 (72-7%)
n (missing data) 234 (0) 117 (0) 117 (0)
Mean weight, kg (SD) 120-5 (21-7) 119-91 (18-7) 121-2 (24-4)
n (missing data) 234 (0) 117 (0) 117 (0)
Mean BMI, kg/m? (SD) 43-9 (5-6) 43-9 (5-1) 43-8 (6-1)
n (missing data) 234 (0) 117 (0) 117 (0)
BMI 250 kg/n?, n (%) 29 (12-4%) 14 (11-9%) 15 (12-58%)
n (missing data) 234 (1) 117 (0) 117 (0)
Type 2 Diabetes, n (%) 58 (27-5%) 30 (28-6%) 28 (26-4%)
n (missing data) 211 (23) 105 (12) 106 (11)
Mean HbAlc, % (SD) 7-6(1-8) 7-5(-7) 7-8(1-8)
n (missing data) 57 (1) 30 (0) 27 (1)
Mean Duration of diabetes, years (SD) 7-8(7-2) 7-8(8-4) 7-8(6-1)
n (missing data) 48 (10) 23 (7) 25 (3)
On oral anti-diabetic agents, n (%) 43 (89-6%) 22 (91:7%) 21 (87-5%)
n (missing data) 48 (10) 24 (0) 24 (0)
On GLP-1 agonist, n (%) 13 (27-1%) 6 (25-0%) 7 (29-2%)
n (missing data) 48 (0) 24 (0) 24 (0)
On Insulin, n (%) 18 (37-5%) 8 (33:3%) 10 (41-7%)
n (missing data) 48 (0) 24 (0) 24 (0)
Mean Duration of insulin therapy, years (SD) 8:3(8:5) 11-5 (10-4) 5.5 (5-5)
n (missing data) 17 (1) 8 (0) 9 (1)
Arterial hypertension, n (%) 71 (30-7%) 33 (28-5%) 38 (33-0%)
n (missing data) 231 (3) 116 (1) 115 (2)
Dyslipidemia, n (%) 42 (18-2%) 20 (17-2%) 22 (19-1%)
n (missing data) 231 (3) 116 (1) 115 (2)
Sleep apnea, n (%) 128 (56-1%) 68 (58-6%) 60 (53-6%)
n (missing data) 228 (6) 116 (1) 112 (5)
BMI = Body Mass Index
RYGBP = Roux-en-Y Gastric ByPass
OAGB = One Anastomosis Gastric Bypass
Table 2: Metabolic outcomes at 2 years of follow-up
Type 2 Diabetes population Per protocol population RYGB OAGB p value
Mean HbAlc, % (SD) 5.8 (0-9) 6-1(0-9) 5.6 (0-8) 0-055
n (missing data) 39 (19) 17 (13) 22 (6)
Mean Decrease in HbAlc from baseline, % (SD) -1-9(1-5) -1-3(1-0) -2:3(1-6) 0-025
n (missing data) 38 (20) 17 (13) 21 (7)
Mean fasting glycemia, mmol/l (SD) 5.8 (2:2) 6-1(2:9) 5:6 (1-5) 0-801
n (missing data) 42 (16) 20 (10) 22 (6)
Mean decrease in FG from baseline, mmol/l (SD) -3-6 (4-3) -2:6 (4-8) -3-8(3:8) 0-505
n (missing data) 42 (16) 20 (10) 22 (6)
Whole Population Per protocol population RYGB OAGB p value
Decrease in LDL-C from baseline, mmol/l (SD) -0-4 (1-0) -0-4 (1-0) -0-4 (1-1) 0-97
n (missing data) 102 (132) 49 (68) 53 (64)
Increase in HDL-C from baseline, mmol/l (SD) +0-3 (0-3) +0-3 (0-3) +0-3 (0-3) 1
n (missing data) 105 (129) 50 (67) 55 (62)
Decrease in Total cholesterol from baseline, mmoégSD) -0-3(1-0)) -0-3(1-0) -0-4 (1-1) 0-82
n (missing data) 105 (129 49 (68) 56 (61)
Decrease in Triglycerides from baseline, mmol/l (SD -0-6 (1-2) -0-6 (0-62) -0-7 (1-5) 0-31
n (missing data) 107 (127) 49 (68) 58 (59)

FG= fasting glycemia
RYGBP = Roux-en-Y Gastric ByPass
OAGB = One Anastomosis Gastric Bypass




Table3: Nutritional status at 2 years of follow-up(results of blood test samples)

Difference between Inclusion and 2 year visit F;ec‘)r p%rlgtt?;ﬁl RYGB OAGB P value

Mean Hemoglobin, g/l (SD) -6.6 (16-5) -3.0 (10-0) -10.3 (20-6) 0-03¢
n (missing data) 129 (105) 65 (52) 64 (53)

Mean Albumin, g/l (SD) 0-3(3:7) 0-1(3:5) 0-5(3-9) 0-51
n (missing data) 124 (110) 61 (56) 63 (54)

Mean Prealbumin, g/l (SD) -0-0(0-1) -0-0(0-1) -0-0 (0-1) 0-78
n (missing data) 113 (121) 54 (63) 59 (58)

Mean Ferritin, in pg/l (SD) -27-9 (174-3) -31-3 (136-6) -24-7 (204-1 0-85
n (missing data) 119 (115) 57 (60) 62 (55)

Mean Transferrin saturation coefficient, % (SD) 6-0 (14-00) 5.8 (10-3) 6-2 (16-9) 0-94
n (missing data) 99 (135) 49 (68) 50 (67)

Mean Vitamin B1, nmol/l (SD) -2:0 (28-4) -0:6 (25-5) -3-2(31-1) 0-57
n (missing data) 73 (161) 35 (82) 38 (79)

Mean Vitamin B9, ng/l (SD) 129 (20-6) 155 (21-8) 10-0 (19-2) 0-17
n (missing data) 91 (143) 47 (70) 44 (73)

Mean Vitamin B12, pmol/l (SD) 10-9 (174-6) -6-4(136-6) 28-5 (206-0) 0-94
n (missing data) 119 (115) 60 (57) 59 (58)

Mean Vitamin D, nmol/I 21-3(32:1) 25-2 (34-5) 17-4 (29-5) 0-51
n (missing data) 114 (120) 56 (61) 58 (59)

Mean PTH, pg/ml (SD) -0-7 (32-2) -8-2(27-7) 5.2 (34-5) 0-1
n (missing data) 89 (145) 39 (78) 50 (67)

PTH: Parathyroid Hormon

RYGBP = Roux-en-Y Gastric ByPass

OAGB = One Anastomosis Gastric Bypass

Table 4: Endoscopic findings at 2 years of follow4u
RYGB OAGB

Endoscopy, n (missing data) 63 (54) 58 (59)

Gastritis, n (%) 4 (6-3%) 11 (18-9%)

Presence of bile in the stomach, n (%) 0 9 (15-5%)

Esophagitis, n (%) 2 (3:1%) 6 (10-3%)
Grade A, n 1 4
Grade B, n 1 1
Grade C, n 0 1

Gastric biopsies, n 63 57
Normal mucosa, n (%) 51 (80-9%) 44 (77-2%)
Gastritis, n 11 12
Dysplasia, n 0 1

Esophageal biopsies, n 59 56
Normal mucosa, n (%) 51 (86-4%) 43 (76.7%)
Esophagitis, n 8 12
Dysplasia, n 0 1

RYGBP = Roux-en-Y Gastric Bypass
OAGB = One Anastomosis Gastric Bypass



Table 5: Type of Serious Adverse Events related tsurgery at 2 years of follow-up

Serious Adverse Events Total, n (%) RYGB OAGB p value

Type of SAE: 66 24 42

Nutritional complications, 9 (13-64%) - 9 (21-43% 0.0034

Anastomotic ulcer 5 (7-57%) 3 (12:5%) 2 (4-76%)

Reflux 3 (4-54%) - 3 (7-14%)

Bowel obstruction 4 (6-06%) 3 (12-5%) 1 (2-38%)

Abdominal pain 5 (7-58%) 5 (20-83%) -

Diarrhea/Anal fissures 6 (9-09%) - 6 (14-29%)

Vesicular lithiasis 13 (19-70% 5 (20-83%) 8 (BW%)

Urinary lithiasis 3 (4-5%) - 3 (7-14%)

Early peritonitis 4 (6-06%) 1(4-17% 3 (7-14%)

Abdominal wall hematoma / abscess 3 (4-5% 3 @25 -

Vomiting 2 (3%) 2 (8-3%) -

Incisional hernia 1(1-5%) - 1 (2-38%)

Haemoperitoneum 1(1-5%) 1(4-17%)

Kidney failure by dehydration 1(1-5%) - 1 (2-38%)

Gastro-gastric fistula 1(1-5%) 1(4-17%)

Anticoagulant overdose 1 (1-5%) - 1 (2-38%)

Revision from OAGB to RYGB 4 (6-06%) - 4 (9-52%)

SAE: Serious Adverse Events

RYGBP =

Roux-en-Y Gastric ByPass

OAGB = One Anastomosis Gastric Bypass

Table 6: Type of nutritional complications in the One Anastomosis Gastric Bypass arm

Patient | Type of nutritional complication Mean \évkg)ght loss d\élftiiirglnncy Malnutrition iroﬁndeerrﬁfieor:cy St::?tgo/rzrz?a
. - 64
1 Wernicke encephalopathy Converted to RYGB yes yes no 25
2 Malnutrition -52 yes no no 9-74
3 Malnutrition Converted to RYGB yes no no MD
4 Severe diarrhea / malnutrition -39 yes yes no MD
5 Malnutrition / anorexia -40 yes yes yes 14
6 Feeding difficulties -53 yes yes yes MD
7 Anorexia -126 yes yes yes MD
8 Food intolerance -38 yes yes yes 10
9 Anemia -55 yes yes yes MD

MD : missing data

RYGBP =

Roux-en-Y Gastric ByPass






