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ARTICLE INFO ABSTRACT
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Endoscopic ablation
Type 2 diabetes mellitus

sustained through 24 months post-DMR (7.5 + 1.1% [59.0 + 12.3 mmol/mol], P < 0.001) while
in greater than 50% of patients, glucose-lowering therapy was reduced or unchanged. ALT

decreased from 38.1 + 21.1 U/L at baseline to 32.5 + 22.1 U/L at 24 months (P = 0.048). HDL
and TG/HDL improved during 24-months of follow-up. No device- or procedure-related

serious adverse events, unanticipated device effects, or hypoglycemic events were noted
between 12 and 24 months post-DMR.

Conclusions: DMR is associated with durable improvements in insulin sensitivity and mul-
tiple downstream metabolic parameters through 24 months post-treatment in type 2 dia-

betes.

Clinical trial reg. no. NCT02413567, clinicaltrials.gov.
© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Type 2 diabetes mellitus (T2D) is considered a multiorgan
metabolic disease hallmarked by impaired beta cell function
and insulin signaling, dyslipidemia, inflammation, and incre-
tin resistance [1]. Insulin resistance in peripheral tissues is
initially compensated for by increased insulin production to
maintain normoglycemia; as T2D progresses, beta cells can
no longer compensate for insulin resistance, leading to
impaired glucose homeostasis and multiorgan complications
[1-4].

Unfortunately, most patients with T2D do not achieve opti-
mal glycemic control with lifestyle interventions alone and
thus require pharmaceutical intervention. Twelve different
drug classes are approved by the US Food and Drug Adminis-
tration to treat T2D, including medications that increase pan-
creatic insulin secretion, peripheral tissue insulin sensitivity,
and glycosuria to reduce hyperglycemia [1]. Despite available
options, T2D progressively worsens in most patients, with
about 25% eventually requiring insulin therapy to maintain
glycemic control [5,6]. Furthermore, less than half of patients
are able to maintain adequate glycemic control over the long
term with current treatment options [7]. Active treatment
with daily (or weekly) administration is a requirement with
current available T2D therapies, since beta cell function dete-
riorates and hyperglycemia returns upon therapy withdrawal
[8,9]. Durable, disease-modifying, and adherence-
independent therapeutic interventions for T2D are urgently
needed.

Hyperplasia of the duodenal lining induced by a high-fat
and high-sugar diet alters hormone signaling and nutrient
absorption from the duodenum, which can lead to dys-
metabolic states, including abdominal obesity, insulin resis-
tance, impaired glucose metabolism, hyperinsulinemia,
dyslipidemia, and hypertension [10,11]. Moreover, surgical
bypass of the duodenum (e.g., Roux-en-Y gastric bypass) in
patients with T2D drastically and immediately improves the
metabolic profile of patients in a weight-independent man-
ner. These observations point to the duodenum as a key sig-
naling center that regulates metabolic homeostasis and
underlines its importance as a treatment target for metabolic
diseases [12].

Duodenal mucosal resurfacing (DMR) is a novel, minimally
invasive, outpatient, endoscopic procedure designed to

promote mucosal regeneration and restore insulin sensitivity
in patients with metabolic diseases [8,9,13]. Results from the
first-in-human study demonstrated that DMR is feasible and
safely improves glycemic parameters in patients with T2D
[14,15]. Primary results from the multicenter, international,
open-label, single-arm, prospective REVITA-1 study demon-
strated that a single DMR procedure safely elicits durable
and clinically relevant glycemic and hepatic improvements
over 12 months post-treatment in patients using oral
glucose-lowering medication with suboptimally controlled
T2D [16]. Here we report follow-up results through 24 months
post procedure, to further evaluate the long-term safety and
durability of DMR.

2. Subjects

Eligible patients were aged 28 to 75 years with T2D diagnosed
within the last 10 years, BMI 24 to 40 kg/m?, hemoglobin Alc
(HbA1c) levels of 7.5 to 10.0% (59 to 86 mmol/mol), and stable
diabetes treatment with > 1 oral glucose-lowering drug
for > 3 months at enrollment [16]. Patients were excluded if
they had a clinical diagnosis of type 1 diabetes and/or positive
glutamic acid decarboxylase antibodies, low endogenous
insulin production (fasting C-peptide levels < 0.333 nmol/L),
if they used injectable glucose-lowering medication (e.g.,
glucagon-like peptide-1 analogues or insulin), had undergone
gastrointestinal surgery that could impact treatment of duo-
denum, had chronic or acute pancreatitis, active hepatitis or
liver disease, or upper GI bleeding conditions. The complete
list of eligibility criteria is provided in supplementary Table 1.
All patients provided written informed consent at screening.

3. Materials and methods
3.1. Study design and treatment

REVITA-1 was a multicenter, international, open-label,
prospective, single-arm study of DMR feasibility, safety, and
efficacy in patients with uncontrolled T2D (Supplementary
Fig. 1) [16]. The study was conducted across seven sites in
the Netherlands, Belgium, Italy, United Kingdom, and Chile
in accord with Good Clinical Practice Guidelines as defined
by the International Conference on Harmonization, The Dec-
laration of Helsinki, and all applicable national, state, and
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local regulations and respective Independent Ethics Commit-
tees, as appropriate. The REVITA-1 study is registered at clin-

icaltrials.gov (NCT02413567).

3.2. Procedure

The DMR procedure was performed as previously described
(Supplementary Fig. 2) [14-16].

3.3. Assessments

3.3.1. Safety

The safety end points assessed were the incidence of serious
adverse events (SAEs), unexpected adverse device effects
(UADEs), procedure- and device-related SAEs and UADEs,
and hypoglycemic events (blood glucose levels < 56 mg/dL
[3.1 mmol/L] or requiring third-party assistance) reported
from screening through 24 months post-DMR. The SAEs were
defined as adverse events that lead to death, serious deterio-
ration in health, or fetal distress, congenital abnormality, or
birth defect. The UADEs were defined as any serious adverse
effects on health or safety, caused any life-threatening prob-
lem, or resulted in death caused by or associated with the
device not previously identified. Treatment-emergent adverse
events, defined as events that started or worsened in severity
after start of the procedure, were also assessed through
24 months post-DMR by device/procedure relatedness and
severity. Adverse events were assessed as procedure related
or device related by the local investigator (Supplementary
Table 2).

3.3.2. Efficacy
To assess the long-term impact of DMR on glycemic parame-
ters, the change from baseline in HbAlc (determined by high-
performance liquid chromatography [HPLC]), fasting plasma
glucose (FPG), fasting plasma insulin (FPI), C-peptide (deter-
mined using a radioimmunoassay [RIA]), homeostatic model
assessment of insulin resistance (HOMA-IR), and weight were
assessed through 24 months post-DMR. To assess the long-
term impact of DMR on hepatic parameters, the change from
baseline in alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels were assessed. To assess the
long-term impact of DMR on markers of cardiovascular
health, the change from baseline in triglycerides (TG), HDL,
LDL, TG/HDL ratio, total cholesterol, systolic blood pressure
(SBP), and diastolic blood pressure (DBP) were evaluated.
Oral medication used to lower glucose levels was managed
as previously described throughout 24 months post-DMR.[16]
Briefly, the regimen for oral glucose-lowering medication that
was established during the run-in period was continued with-
out change until the 24-week follow-up visit, unless rescue
therapy was required (Supplementary Table 4). At each
follow-up visit, the number of prescriptions for diabetes med-
ication and the number of tablets per day was recorded.
Change in diabetes medication compared with the original
medication prescribed at baseline (increased, decreased, or
unchanged) was assessed. Per protocol, there was an indica-
tion for insulin therapy in case of HbAlc levels > 7.5%
(58 mmol/mol) despite patient’s taking > 2oral glucose-

lowering medications (if metformin, patients had to be taking
the highest tolerable dose).

Change from baseline in patient-perceived satisfaction
was assessed at 12 and 24 months post-DMR using the dia-
betes treatment satisfaction questionnaire status (DTSQs)
scale [17].

3.4.  Statistical analysis

The number of patients was based on medical and procedural
considerations. The initial study closed at 49 patients when
the DMR procedure had matured to a level for initiating a
sham-controlled study. Analysis revealed that 49 patients
was sufficient to detect a significant difference in HbAlc at
24 weeks (primary efficacy endpoint) [16]. The primary analy-
sis population was considered the per-protocol (PP) popula-
tion, which included patients who received a full DMR
procedure (five complete ablations or circumferential muco-
sal ablation 9-10 cm) and excluded patients with major proto-
col deviations. The safety population included all treated
patients. “Treatment durability” was defined as any patient
who experienced a measured reduction from baseline at
6 months and maintained reduction (from baseline) at
24 months. A “responder” was defined as any improvement
from baseline at the subsequent timepoints (i.e. 12 months,
24 months). An assessment of increases, decreases, and
stable glucose lowering medications was conducted in the
PP population. Analyses were completed in patients with
follow-up data at each time point assessed (in contrast to
our previous report, where missing data was imputed) [16].
A mixed model with repeated measures was used to assess
significance between baseline and 24 months at the 0.05 level
for parameters except DTSQ. A paired t test was used to
assess statistical significance between baseline and
24 months at the 0.05 level for the DTSQ parameter.
Mean + SDs were calculated for continuous variables, and n
(%) was calculated for categorical variables. HOMA-IR was cal-
culated as (FPG (mg/dL)*fasting insulin (uIU/mL))/22.5. Due to
the exploratory nature of the study, there was no imputation
of missing data. P values are presented for least squares (LS)
mean change from baseline for continuous variables. Statisti-
cal analyses were performed using Statistical Analysis Soft-
ware version 9.4 or higher (SAS institute, Inc., Cary, NC, USA).

4, Results

4.1. Patients

As previously reported, the DMR procedure was completed in
37 of 46 patients treated. In this analysis, 33 patients were
included in the PP population analysis at 6 months and 32
patients were included in the PP population analysis at
12 months post-DMR. At 24 months post-DMR, 27 patients
were in the PP population (Fig. 1). Three patients were
excluded from the 24-month PP population analysis due to
major protocol deviations between 12 and 24 months post-
DMR. Due to intermittent insulin use during the first months
after DMR, 1 patient was excluded from the initial 12-month
PP analysis since this interfered with the end points during
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‘ Screened, n = 104 ‘

Did not meet screening criteria, n = 45

‘ Medication run in, n =59 ‘

Failed medication run in-period
(HbA1; < 7.5% or > 10% [< 58 or > 86 mmol/mol],
2 1 hyperglycemic or hypoglycemic event), n=13

‘ All treated patients, n = 46 ‘

Excluded due to incomplete DMR, n=9

‘ Complete DMR procedure, n = 37 ‘

Follow-up data not available, n =3
* Protocol violation, n =3

‘ Baseline visit, n = 34 ‘

Follow-up data not available, n =1
* Missed visit (next visits completed), n =1

‘ 6 months follow-up, n =33 ‘

Follow-up data not available, n = 2
* Loss to follow-up, n=2

‘ 12 months follow-up, n= 32 ‘

Follow-up data not available, n =5
« Missed visit, n=4
* Loss to follow-up, n =1

‘ 24 months follow-up, n= 27 ‘

Fig. 1 - Patient disposition. A total of 46 patients were treated (safety population), the DMR procedure was completed in 37
patients, 36 patients were in the PP population at 12 months post-DMR, and 34 patients remained in the PP population at
24 months post-DMR. Three patients were excluded due to major protocol deviations between 12 and 24 months post-DMR.
One patient who was excluded from the 12-month PP analysis due to medication adherence was included here.

this first year. Since this did not interfere with end points dur-
ing the second year, this patient was included in the 24-
month PP analysis (Supplementary Fig. 3).

Most patients in the PP population were male (64.7%) with
a mean + SD age of 56.2 + 7.6 years, a mean T2D duration of 6.
5 + 2.4 years, and a mean BMI of 30.4 + 3.7 kg/m? (Table 1). At
baseline in the PP population, HbAlc was 8.5 £ 0.7% (69.1 = 7.
1 mmol/mol), FPG was 198.4 + 41.2 mg/dL (11.0 + 2.3 mmol/L),
FPI was 16.7 + 9.9 mU/L (116.1 + 68.6 pmol/L), fasting C-
peptide was 3.1 = 1.3 ng/mL (1.0 = 0.4 nmol/L), and HOMA-IR
was 8.6 + 5.9. Mean baseline liver parameters were within
the normal range with ALT and AST reported as
38.1 + 21.1U/L and 26.7 + 9.6 U/L, respectively. Baseline SBP
and DBP were 136.2 + 17.1 mmHg and 84.6 + 9.9 mmHg,
respectively. Mean TG levels were 193.9 + 122.1 mg/dL (2.2 + 1
.4 mmol/L) and the mean TG/HDL ratio was 5.0 + 3.9 mg/dL (2.
2 + 1.7 mmol/L).

4.2.  Safety

The long-term safety findings from the REVITA-1 trial indicate
that the DMR procedure was safe and well-tolerated. In the
safety population (N = 46), between 6 and 24 months post-
DMR, two patients (4.3%) reported treatment-emergent
adverse events that were deemed possibly related to the study
procedure (one patient reported constipation, and one patient
reported general malaise and vitamin B,, deficiency), all of
which were deemed mild in severity (Supplementary Table 2).

No device- or procedure-related SAEs or UADEs or hypo-
glycemic events were observed between 6 and 24 months
(Supplementary Table 3). There were 6 patients who had a
total of 7 non-device- and procedure-related SAEs between 6
and 24 months (dyspnea, lung adenocarcinoma, arterioscle-
rosis, severe back pain pilonidal cyst, bradycardia and joint
dislocation).

4.3.  Efficacy

4.3.1. Treatment efficacy

Following a single DMR procedure, HbAlc was significantly
reduced at 6 months post-DMR (mean + SD raw change from
baseline; -0.9 + 0.9 % [-10 + 10 mmol/mol], P < 0.001) (Fig. 2A).
Approximately 53% of patients in the PP population had no
change or a decrease in oral glucose-lowering medication
from 6 to 24 months post-DMR (Fig. 3) and only 11.8% (4/34)
were using insulin at 24 months post-DMR, despite the fact
that more than 40% had an indication for insulin at study
entry. Taking these medication changes into account, signifi-
cant reductions in HbAlc were sustained at 12 months
(P = 0.001) and 24 months (P = 0.034) post-DMR, with
mean + SD raw change from baseline of -0.8 + 1.2% (-9 + 13 m
mol/mol) and 0.8 + 1.3% (-9 + 14 mmol/mol), respectively
(Fig. 2A). There were 27.3% (9/33) who reached a target HbAlc
of less than or equal to 7% at the 6-month primary endpoint,
40.6% (13 of 32) who reached a target HbAlc of less than or
equal to 7% at 12 month follow up and 33.3% (9 of 27) who
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Table 1 - Demographics and baseline characteristics (PP
population).

Characteristic DMR
(N = 34)

Age, years 56.2 (7.6)
Sex, n (%)

Female 12 (35.3)

Male 22 (64.7)
Duration of type 2 diabetes, years 6.5 (2.4)
Weight, kg (n = 31) 88.9 (11.8)
BMI, kg/m? (n = 31) 30.4 (3.7)
HbAlc, % 8.5 (0.7)
Fasting glucose, mg/dL (n = 33) 198.4 (41.2)
Fasting plasma insulin, IU/mL (n = 30) 16.7 (9.9)
Fasting C-peptide, ng/mL (n = 12) 3.1 (1.3)
HOMA-IR (n = 30) 8.6 (5.9)
ALT, U/L 38.1 (21.1)
AST, U/L (n = 33) 26.7 (9.6)
Glucose-lowering medications, n (%)

1

2 26 (76.5)

3 7 (20.6)

1(2.9)

Oral glucose-lowering medication, n (%)

Metformin 31 (91.0)

Meglitinide 2 (4.0)

DPP-4 inhibitor 8 (24.0)

SGLT-2 inhibitor 6 (18.0)
DTSQs 27.5 (6.6)
SBP at screening, mmHg 136.2 (17.1)
DBP at screening, mmHg 84.6 (9.9)
TG, mg/dL 193.9 (122.1)
HDL, mg/dL 42.4 (9.2)
LDL, mg/dL 95.8 (28.9)
TG/HDL 5.0 (3.9)
TC, mg/dL 169.8 (37.0)

Data are presented as mean (SD), unless otherwise noted.

ALT = alanine aminotransferase; AST = aspartate aminotransferase;
DBP = diastolic blood pressure; DMR = duodenal mucosal resurfacing;
DPP-4 = dipeptidyl peptidase-4; DTSQ = diabetes treatment satisfac-
tion questionnaire; HbAlc = hemoglobin Alc; HOMA-IR = homeostatic
model assessment of insulin resistance; PP = per-protocol; SBP = sys-
tolic blood pressure; SGLT-2 = sodium-glucose cotransporter-2;
TC = total cholesterol; TG = triglycerides.

reached a target HbAlc of less than or equal to 7% at 24 month
follow up. At 6 months, 84.8% (28/33) of patients were respon-
ders with a mean (+SD) reduction in HbAlc of -1.2 + 0.8% (-12.
9 + 8.3 mmol/mol) and at 24 months, 86.4% (19/22, 6 patients
had missing data) of these patients had treatment durability
in glycemic improvement with a mean (+SD) HbA1lc reduction
of -1.4 + 0.8% (-15.8 + 8.5 mmol/mol) (P < 0.001) (Table 2). At
24 months, 77.8% of the overall PP population (21/27) were
responders with a mean (+SD) HbA1lc reduction of 1.4 + 0.8%
(-14.9 = 8.6 mmol/mol).

FPG was durably reduced over 24 months post-DMR. Sig-
nificant reductions in FPG were sustained at 6 (P < 0.001), 12
(P < 0.001), and 24 (P < 0.001) months post-DMR; mean + SD
raw change from baseline was -37.3 + 47.8 mg/dL (-2.1 + 2.7
mmol/mol), -43.8 + 44.5 mg/dL (-2.4 + 2.5 mmol/mol), and
-347 + 36.0 mg/dL (-1.9 = 2.0 mmol/mol), respectively
(Fig. 2B; Supplementary Table 5).

HOMA-IR was significantly decreased at 6 (P = 0.012) and 12
(P < 0.001) months post-DMR, with mean + SD raw change
from baseline of -2.9 + 6.5 and -3.7 + 5.4, respectively, but
was not significant at 24 months (mean + SD raw change from
baseline of 0.1 + 8.8 (P = 0.386) (Fig. 2C). Of those that were
responders at 6 months, 66.7% of these patients (16/24) had
treatment durability at 24 months with a mean (+SD)
HOMA-IR reduction of 4.5 + 4.9.

C-peptide levels were significantly reduced from baseline
at 6, 12, and 24 months post-DMR (P = <0.001, P = 0.04,
P = 0.011, respectively). Mean + SD raw change from baseline
in C-peptide was -0.8 + 1.1 ng/mL at 6 months, -0.5 + 1.2 ng/
mlL at 12 months, and -0.7 + 1.0 ng/mL at 24 months (Fig. 2D;
Supplementary Table 5).

FPI levels did not change significantly from baseline at
24 months post-DMR (Supplementary Table 5).

4.3.2. Treatment satisfaction

Mean + SD DTSQs scores increased from 27.5 + 6.6 at baseline
to 31.1 + 5.3 (P = 0.0039) at 12 months and to 30.1 + 6.1
(P = 0.0699 vs. baseline) at 24 months post-DMR, indicative
of an overall improvement in patient-perceived treatment
satisfaction post-DMR.

4.3.3. Weight

Mean + SD weight was significantly changed from 88.9 + 11.
8 kg at baseline to 88.1 + 12.4 kg at 12 months and to 89.3 + 1
2.6 kg at 24 months post-DMR (mean + SD raw change from
baseline, -2.6 + 3.7 kg, p < 0.001 and -3.1 + 6.0 kg, p = 0.010,
12 months and 24 months, respectively).

4.3.4. Hepatic parameters

ALT levels in the overall population were significantly reduced
from baseline at 12 months (P < 0.005) and 24 months
(P = 0.048) post-DMR (mean + SD raw change from baseline,
-10.2 + 15.8 U/L and -8.5 + 16.8 U/L, respectively). These reduc-
tions in ALT levels from baseline were more evident and sig-
nificant at all timepoints post-DMR (p < 0.001) in those
patients that had elevated ALT at baseline (ALT > 40 U/L)
(Fig. 2E). Treatment durability was seen at 24 months in
71.4% (20/28) of the patients who responded at 6 months with
a mean (+SD) ALT decrease of 15.6 + 13.7 U/L from baseline
(Table 2).

Following a similar pattern to those observed with ALT, the
AST mean + SD raw change from baseline, was - 3.7 + 8.0 U/L
at 6 months (P = 0.033), to - 5.7 + 6.7 U/L at 12 months
(P < 0.001), and to — 3.5 =+ 9.9 U/L at 24 months post-DMR
(P = 0.914). Treatment durability was seen at 24 months in
73.7% (14/19) of the patients who responded at 6 months with
a mean (+SD) AST decrease of 9.6 + 5.1 U/L from baseline
(Table 2).

4.3.5. Markers of CVD risk

Mean HDL levels were significantly increased at all time-
points. HDL mean + SD raw change from baseline to
24 months post-DMR was 6.4 + 14.4 mg/dL, P = 0.037 (Supple-
mentary Table 5). Mean TG/HDL ratios changed accordingly,
but mean change in LDL, total cholesterol, and TG levels at
24 months post-DMR were not statistically altered. No signif-
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icant differences were observed in SBP or DBP from baseline
at 24 months post-DMR.

5. Discussion

In this 24-month uncontrolled extension study we demon-
strated the long-term safety and tolerability of the DMR pro-
cedure in patients with T2D. Our data suggest that over half

of patients experienced long-term treatment durability with
sustained improvements in metabolic parameters (glycemic,
hepatic, and cardiovascular) at 12 and 24 months post-DMR
without a need for additional medication. Overall, significant
reductions in HbAlc were achieved at 12 and 24 months post-
DMR, with mean HbAlc values of 7.5% at follow-up compared
to a baseline level of 8.5%. Likewise, significant reductions in
FPG were observed at 24 months post-DMR. Improvements
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M 3% Reduced
50% Unchanged
24% Increased existing dose
12% Added one oral medication
12% Added insulin

Total=34

Fig. 3 - Changes in oral glucose-lowering medication from
baseline at 24 months post-DMR (PP Population).
Medications reduced in 1/34 patients, medications
remained unchanged in 17/34 patients, 8/34 patients
increased doses of an existing medication, 4/34 patients
added on one oral medication, and 4/34 patients added
insulin. For patients with missing 24 months visits we used
last observation carried forward. DMR = duodenal mucosal
resurfacing; PP = per protocol.

were also observed in patient reported DTSQ, suggesting that
DMR may reduce the burden of disease in patients with T2D.
The minor fluctuations in weight indicate that the effect of
DMR is not driven by weight change.

DMR was followed by improved insulin sensitivity at
12 months, but the 24 months HOMA-IR results were not sig-
nificantly lower compared to baseline. The improved HOMA-
IR was mostly driven by the reduction in FPG, since FPI was
not markedly changed throughout the study. The observed
decrease in fasting C-peptide may be related to improved insu-
lin sensitivity and may reflect a reduction in the requirement
for basal insulin secretion. Both the HOMA-IR and fasting C-
peptide data point to a role for improved insulin sensitivity
after DMR. These findings are encouraging as insulin resis-
tance is a known pathological driver of T2D and the multior-
gan metabolic complications associated with the disease.
Recent studies have shown that DMR is most effective in
patients with high FPG levels, a hallmark of high insulin resis-
tance.?? The decline in ALTwas approximately 15% from base-
line measures, with a more pronounced decline in patients
with high ALT levels at baseline (i.e,, 30% reduction from

baseline). Although liver transaminase levels might not be
the best parameters for NAFLD [18] up to 70% of patients with
T2D also have coexisting NAFLD even in the absence of ele-
vated transaminase levels. Like NAFLD, dyslipidemia and its
associated cardiovascular risks are frequent consequences of
insulin resistance [19]. In the current study, improvements in
HDL and TG/HDL ratio were observed at 24 months post-
DMR. Altogether, the long-term effects on insulin resistance,
liver function tests, and lipid parameters observed in
REVITA-1 suggest that a single DMR-procedure has an overall
beneficial effect on metabolic disturbances in T2D. However,
the effect on hard end points has yet to be determined.

REVITA-1 has several limitations. This was a single-arm
study with a relatively small trial size. Next, glucose- and
lipid-lowering medications were tracked but not controlled
after 24 weeks. Glucose lowering medications were increased
in 46% of our patients. This may have contributed to the
observed HbA1lc improvements. Thus, the observed changes
in glycemic and lipid parameters must be interpreted with
caution. At this stage, there is no long term data available
on duodenal histology or gut hormone response after DMR.
Additional metabolic tests (e.g., oral glucose tests) and liver
imaging (magnetic resonance proton density fat fraction or
Fibroscan) would have added valuable information. Such
assessments have been integrated into more recent DMR
studies.

Overall, the safety and potential efficacy findings from the
REVITA-1 study are encouraging and suggest that DMR has
lasting effects on insulin resistance and related metabolic
derangements in patients with T2D. Research to confirm
these results and further elucidate the mechanism of action
of DMR in metabolic diseases is warranted. Additional ran-
domized, prospective, double-blind, sham-controlled, multi-
center, international studies of DMR safety and efficacy in
patients with sub-optimally controlled T2D are currently
underway.
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