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The health care industry, particularly in the United 
States, is a large contributor to climate change, 

with the field of GI being one of the top contributors 
to overall and hazardous waste emissions.1,2 One of the 
most important components of the carbon footprint of 
GI is the sheer volume of procedures performed. More 
than 18 million endoscopic procedures are performed 
each year in the US alone, and a significant portion are 
of low-value.3,4 Every endoscopic procedure uses sub-
stantial resources, including single-use consumables, 
water (including sterile water bottles), electricity, paper, 
and personal protective equipment (PPE), among  
others.5-7 Within the field of endoscopy, disposable  
endoscopes are an important area of concern; a  
complete switch to disposables could increase waste 

by up to 40%.8 Along with the impact of GI on climate 
change, there is also a bidirectional effect—climate 
change affects GI and liver health, worsening symp-
toms for many.9-11

To combat the contribution of GI to climate change, a 
GI multisociety task force was formed comprising mem-
bers from 4 major US societies, including the AGA.12 A 
strategic plan was proposed to decrease the carbon foot-
print of GI, similar to a plan proposed by European and 
British societies.13,14 Multiple recent studies have shown 
positive effects of interventions such as waste segrega-
tion in reducing overall endoscopic waste and increasing 
recycled waste.15 Such measures also have been shown 
to have financial benefits, with estimated cost savings of 
around $5.4 billion dollars in 5 years.16 

Gastroenterology and Climate Change: 
Assessing and Mitigating Impacts 
Swapna Gayam, MD, FACG

Health Care and GI Carbon Footprint1,2

In the US, health care contributes  
8%-10% of the total carbon footprint

Anesthesiology     ICU          GI

Top health care specialties  
for hazardous waste generation: 

Top 3 regions  
contributing to health care emissions:  

US China  EU 
countries

4.4% 
of global emissions 

are due to the  
health care industry. 

ZZ Z
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Factors Contributing to Carbon Footprint of Endoscopy5

Decontamination 

Carbon Footprint of Low-Value GI Endoscopy Procedures4 

Intervention to Decrease Endoscopy Waste Generation15 

Paper

 


Water PPE

Single-use  
consumables

Packaging Detergents

Travel

which is  
equivalent to 

4,133  
tons of  
CO2

 1,760,446  
liters of  
gasoline  

burnt


Staff were provided 
1-week training on 
waste handling and 
proper disposal of 
landfill vs regulated 
medical waste.

Recycling bins were 
placed in endoscopy 
rooms and landfill 
bins were placed 
further away. 

Intervention Outcomes

Recycling waste  
increased, 

Mean Total  
Waste 

while reductions were observed in...

Regulated  
Medical  
Waste  

Mean Total  
CO2 

12.9%
41.4%

31.6%

leading to a 
potential annual 

reduction of 
1,665.6 kg CO2 

Each year,
low-value 
EGDs and 
colonoscopies 
emit... 

These results  
were sustained  
at the 4-month  
follow up.

EGDs, esophagogastroduodenoscopies
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GI Multisociety Task Force Plan to Improve Sustainability12 

Clinical setting
Assess carbon footprint and waste generation in clinical practice and  
encourage implementation of environmentally friendly practices and  
sustainability metrics

Education Educate health care leadership, practitioners, and patients about the  
effects of GI on climate change and effects of climate change on GI health

Research
Promote research on the effect of climate change on GI health and on 
low-cost practices to improve carbon footprint of GI

Society efforts Implement organizational measures across all societies to decrease  
carbon footprint 

Intersociety efforts Collaborate with other GI societies nationally and globally to promote 
sustainability

Industry Work with industry to encourage environmentally friendly  
product design and sustainability 

Advocacy Educate and advocate for policies in government agencies 

Impact of Sustainability Intervention to Reduce Instrument Landfill Waste17 

Green marking was done by 
marking endoscopic instruments, 
forceps, snares, and hemoclips on 
the proximal end not in contact 
with the working channel. 

 
These parts were then cut off  
and placed in recycling bins. 

Intervention Outcomes

60%-63%  
of endoscopy  

instruments avoided 
high-temperature  

incineration.  

These parts were recycled instead.

34.3%  
reduction in  
emissions.

From this intervention, there was a 
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Metabolic dysfunction–associated steatotic liver  
disease (MASLD), formerly known as nonalcoholic 

fatty liver disease (NAFLD), affects about 20% to 30% of 
the world population. About 1 in 4 of these patients have 
metabolic dysfunction–associated steatohepatitis (MASH; 
formerly known as nonalcoholic steatohepatitis)—which  
is associated with significant morbidity and mortality.  
Although they affect the liver, these conditions are  
associated with extrahepatic diseases such as obesity,  

type 2 diabetes mellitus, and cardiovascular disease, which 
contribute to poor outcomes. Evidence has shown that 
weight loss is a key intervention for reduction of steatosis, 
MASH, and fibrosis in both lean and obese patients with 
MASLD. Modifications recommended for weight loss  
include potential pharmacological, surgical, or endoscopic 
approaches (in cases of severe obesity) that can prevent 
progression of MASLD as well as improve diabetes and 
reduce cardiovascular events.1-3 

MASLD/MASH and Weight Loss
Arpan Mohanty, MD, MSc

Global MASLD Prevalence Forecast, 2020–20404,5

The projected increase in prevalence of MASLD mirrors that of overweight/obesity.

30

40

50

60

20402035203020252020

Proportion of population 
with MASLD

Proportion of population 
with BMI > 25 kg/m2

FemaleMale

Estimated annual 
increase in MASLD:

1.5% 2.5%

2040 BMI projection unavailable.

Year

P
re

va
le

nc
e,

 %

Prevalence of Metabolic Comorbidities With MASLD and MASH1

MASH

MASLD

Metabolic syndrome

Hypertension

Hypertriglyceridemia

Dyslipidemia

Type 2 Diabetes Mellitus

Obesity

MASH

MASLD

Metabolic syndrome

Hypertension

Hypertriglyceridemia

Dyslipidemia

Type 2 Diabetes Mellitus

Obesity

have hypertriglyceridemia

have hypertension

have metabolic syndrome

have obesity

have type 2 diabetes mellitus

have dyslipidemia

with MASLD51.3%
with MASH81.8%

with MASH43.6%
22.5%

with MASLD69.2%
with MASH72.1%

with MASLD40.7%
with MASH83.3%

with MASLD39.3%
with MASH68.0%

with MASLD42.5%
with MASH70.7%

The AGA recommends that all patients with MASH and metabolic comorbidities be treated per American College of Cardiology/American 
Heart Association guidelines along with weight management strategies.1

with MASLD
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Potential Weight Loss Benefits in Patients With MASH6,7

Weight Loss Interventions1,8-13

% of patients who achieved these results after 1 year  
of weight loss interventions

≥ 7% ≥ 10%≥ 5%

Lifestyle modifications1,8,9

A systematic review7 of studies 
of behavioral interventions, 
pharmacotherapy, and surgery 
estimated that every 1 kg of 
weight loss is associated with a…

or 500-1,000 kcal daily deficit

Diet

1,200 daily kcals

Patients should target

Women Men

1,500 daily kcals

Following the Mediterranean Diet  
is associated with less liver fat  
accumulation and reduced risk  
of new fatty liver.7

Structured weight loss 
programs and anti-obesity 
medications tend to be 
more successful than 
clinician and dietician 
advice during visits.9

150-300 minutes  
of moderate-intensity  
aerobic exercise  
per week

75-150 minutes  
of vigorous-intensity  
aerobic exercise  
per week 

Physical activity

✓ 0.83-U/L reduction in ALT

✓ 0.56-U/L reduction in AST

✓ 0.77% point reduction  
      in steatosis

% Weight Loss

Resolution of 
steatohepatitis

Patients should target

As assessed by histology or radiology

26%

 

Fibrosis 
regression

Fibrosis 
stabilization

18%

74%

64%

16%

84%

90%

45%

55%
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Hepatic Effects of Drugs Known to Cause Weight Loss

Drug
Primary  
comorbid indication 

Known hepatic effect  
(patient population)

Expected mean 
weight loss 

GLP1 receptor agonist 

Semaglutide10 T2DM,  
weight management

Improvement in steatosis and  
steatohepatitis, no proven effect on 
fibrosis (in patients with MASLD)

4.8%-12.5%a

 Liraglutide11 T2DM,  
weight management

Improvement in steatohepatitis, no 
proven effect on fibrosis (in patients 
with MASLD)

5.5%

Tirzepatide12 T2DM Improvement in steatosis on MRI  
(in patients with T2DM)

7.9%-11.7%a

SGLT2 inhibitor 

Empagliflozin13 T2DM, chronic kidney 
disease, heart failure

Improvement in steatosis on MRI  
(in patients with T2DM)

2.8%

These drugs have been studied in phase 2 trials in patients with NAFLD (now called MASLD)  
or in T2DM and have not yet received FDA approval for MASLD. 

GLP1, glucagon like peptide-1: SGLT2, sodium glucose cotransporter: T2DM, type 2 diabetes mellitus
aDepending on dosage of drug.

Bariatric surgery1

Bariatric surgery can resolve MASH, improve 
hepatic fibrosis, and lead to sustained weight 
loss. Currently MASLD is not an indication for 
bariatric surgery, but such surgery should be 
considered in patients with MASLD without 
cirrhosis who meet criteria for surgery.  
Evidence about the effectiveness of  
endoscopic bariatric techniques,  
particularly for liver disease, is  
still insufficient.

BMI  
> 40 kg/m2

BMI  
> 35 kg/m2

with metabolic  
comorbidities

Pharmacotherapy10-13

There are no FDA-approved medications for MASLD. However, many pharmacologic 
therapies for type 2 diabetes mellitus and weight loss may be beneficial to the liver  
and should be considered in select patients. These drugs have additional extrahepatic  
effects such as improvement in insulin sensitivity and cardiovascular risk reduction.

or

✓ 0.83-U/L reduction in ALT

✓ 0.56-U/L reduction in AST

✓ 0.77% point reduction  
      in steatosis

Criteria for bariatric surgery

0823_AGA_Weight_Loss_FINAL_2.indd   110823_AGA_Weight_Loss_FINAL_2.indd   11 9/14/23   2:15 PM9/14/23   2:15 PM
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I BS can be a highly debilitating condition that nega-
tively affects a person’s quality of life. The recent 

emergence of digital tools designed to help patients and 
caregivers better manage IBS and functional GI disorders 
has facilitated the formation of a new health care model 
with an ever-evolving landscape. These tools range from 
mobile apps, virtual health platforms, and wearable  
devices, to the use of AI and digital therapeutics.

These tools serve several purposes—such as telehealth 
services, symptom tracking, food journals, cognitive  
behavioral therapy, gut-directed hypnotherapy, and  
patient education—and can help increase patients’  
access to safe, effective treatments.1,2 Further,  

AI-driven tools can assist health care providers in  
facilitating more accurate diagnoses and creating  
more personalized treatment plans.

Regular exercise, stress management, and low-
FODMAP (fermentable oligosaccharides, disaccharides, 
monosaccharides and polyols) dietary strategies are 
often recommended as nonpharmacologic approaches to 
IBS management.3-6 With the assistance of digital tools, 
patients can not only receive care, but also gain disease-
specific knowledge, self-manage their diet, track  
physical activity, monitor stress and IBS symptoms  
remotely, and improve their quality of life with this  
new and expanding type of health care model.

Digital Tools in the Management  
of IBS/Functional GI Disorders
Eric D. Shah, MD, MBA, FACG

Mobile and Web-Based Apps7

FDA-cleared apps: 

✓  Symptom  
     tracking

✓  Cognitive  
     behavioral  
     therapy

✓  Gut-directed  
     hypnotherapy

✓  Food and  
     symptom  
     journals

✓  Meal planning

✓  Stress management  
     techniques

✓  Medication  
      reminders

App features to help  
patients manage IBS: 

Cognitive behavioral therapy 
program that helps adult patients 
address the psychological and 

emotional aspects of IBS

Mahana IBS 
(Mahana Therapeutics)7

IBS-SSS, IBS Symptom Severity Score.

Gut-directed hypnotherapy 
program that helps address 
IBS-related abdominal pain

Regulora  

(metaMe Health)7

10 sessions/ 
12 weeks

≤ $90/session 7 sessions/ 
12 weeks

≤ $75/session

-101.2

Web-based  
app + 

treatment

Mobile-based  
app +  

treatment

-133.3

-52.9

Control group, 
treatment  

alone

IBS-SSS reduction at 12 months  
(from cohort mean of 265 points):

31%

45%

reported a  
≥ 30% reduction  
in abdominal pain 
intensity

experienced a  
≥ 30% improvement 
in stools with  
normal consistency

0823_AGA_IBS_Tools_FINAL_V2.indd   120823_AGA_IBS_Tools_FINAL_V2.indd   12 9/14/23   2:16 PM9/14/23   2:16 PM
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Virtual Health Platforms8

A recent study assessed patient 
satisfaction with using telehealth 
services for IBS management8:

Of the 44,789 surveys sent:

Among 1,314 (22.5%) respondents with IBS 
and prior telehealth use:

898 (68.3%)   
were satisfied

130 (9.9%)    
were dissatisfied

286 (21.8%)     
felt neutral

1033 (78.6%) would use 
telehealth services again

✓  5,832 (13.0%)  
      patients responded

✓  1,632 (3.6%)  
      had Rome IV IBS

Wearable Devices9,10

Wearable devices are intended to provide insight into potential correlations between symptoms 
and lifestyle factors. To date, such claims have not been evaluated by the FDA.9

Smartwatches and fitness trackers10

Integrate with IBS management apps  
to monitor physical activity, sleep 

patterns, heart rate, and stress levels

Biofeedback devices10

Measure heart rate variability
Collect feedback on stress levels

Stress monitors10

Measure factors like heart rate,  
skin conductance, or temperature 

to provide insights into stress levels 
throughout the day

Artificial Intelligence11-15

AI and natural language processing  
algorithms are being evaluated to  
see if they can help:

Analyze symptom descriptions,  
food logs, and other data to create  
personalized recommendations11

Create predictive models to anticipate  
symptom flare-ups and suggest  
preventive measures12

Provide treatment decision support12

Mental health support:
Chatbots or virtual therapists could offer cognitive behavioral 
therapy, relaxation exercises, and stress management14

Remote monitoring: 
Devices collect real-time health data, such as heart rate, 
blood glucose levels, or activity levels15

Treatment/medication adherence:  
Provide reminders, track medication schedules, and offer 
educational resources15

(Mean age: 52.6 years [17.4]; 84.9% female; and 59.4% non-
Hispanic White, 29.0% Hispanic, and 5.6% non-Hispanic Black)

AI applications are being evaluated in research  
studies13 to see if they can help with:

0823_AGA_IBS_Tools_FINAL_V2.indd   130823_AGA_IBS_Tools_FINAL_V2.indd   13 9/14/23   2:16 PM9/14/23   2:16 PM
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Long COVID is defined by WHO as the development 
or continuation of new symptoms 3 months after 

COVID-19 infection, with symptoms lasting for at least 2 
months that have no alternative explanation.1,2 

Long COVID often includes neuropsychiatric and GI 
symptoms.1,2 GI manifestations are well known during 
acute COVID-19, but less understood in long COVID.2 
It is estimated that 12% of patients with long COVID 
have GI symptoms, which may include heartburn, consti-
pation, abdominal pain, nausea and vomiting, and diar-
rhea.2,3 Patients with long COVID also frequently receive 
new GI diagnoses, such as functional dyspepsia, IBS, 
GERD, peptic ulcer disease, and acute pancreatitis.2,3 

Proposed causes of GI symptoms post-COVID are 
varied, including alterations in the gut microbiome and 
serotonergic signaling and changes downstream from 
the angiotensin-converting enzyme 2 receptor.2,4 The  

serotonergic theory links the pathophysiology of long 
COVID GI symptoms to post-infection IBS and other  
disorders of gut-brain interaction. Like IBS, long COVID 
with GI symptoms is frequently associated with non-GI  
comorbidities, especially mental health comorbidities.5 

Currently, no specific treatments are endorsed for long 
COVID GI symptoms.4 Management focuses on symptom 
relief and using protocols for the relevant GI disorders; 
when IBS is present, an integrated and multidisciplinary 
approach is recommended.4,6 This multifaceted approach, 
when possible, can be especially helpful in patients with 
long COVID because of the number of comorbidities and 
varied symptoms.1,4-6 Long COVID and its multitude of 
symptoms have a profound negative effect on productivity 
and quality of life in patients.1,7 Thus, finding efficient 
treatment approaches is a top priority in navigating the 
complexity of long COVID and its GI manifestations.

Long COVID and the Gastrointestinal System:   
Emerging Evidence 
Daniel E. Freedberg, MD, MS, and Lin Chang, MD, AGAF

Prevalence of GI Symptoms and Disorders Among Patients With Long COVID2,a

 Symptoms 

Long Covid

Abdominal pain 

Nausea/vomiting

Loss of appetite

Loss of taste

14%

a Xu et al.3 is a more recent Veterans 
Affairs source for estimates of  
symptoms and GI diagnoses.

6%

20%

17%

Long Covid

Functional dyspepsia 

IBS

20%

17%

20%

Disorders

0823_AGA_Long_COVID_FINAL_V2.indd   140823_AGA_Long_COVID_FINAL_V2.indd   14 9/14/23   2:17 PM9/14/23   2:17 PM
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MASH

MASLD

Prevalence of GI Symptoms and Disorders Among Patients With Long COVID2,a

Proposed Mechanism of Long COVID4

Disorders

Mental Health and GI Symptoms After COVID-19 Recovery5

MASH

MASLD

Patients with pre-COVID-19 mental health symptoms  
were more likely to report GI symptoms post-COVID: 

49%

28%

55%

Patients who reported sadness or anxiety post-COVID  
were more likely to have GI symptoms: 

14%

Overall, patients were more likely to have post-COVID GI symptoms if they had...

Only post-COVID mental health symptoms: 

16.5x more likely

6 months after recovering 
from COVID-19: 

37% reported 
mental health 
symptoms  

29% reported  
GI symptoms 

Both pre- and post-COVID mental health symptoms:

...compared to patients who had no mental health symptoms.

Brain 

Changes in 5-HT and  
serotonergic signaling  

in brain as well 

These changes cause  
stress 

Gut microbial metabolites  
reach the brain, neurons  

connect them

Decreased 5-HT 

Immune activation

Alters serotonergic  
signaling 

COVID-19 affects  
5-hydroxytryptamine  

(5-HT) receptors in the  
gut, altering the gut  

microbiome

vs those without pre-COVID mental health symptoms

vs those without post-COVID sadness or anxiety

6.2x more likely
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$$

The Impact of Long COVID on Quality of Life and Economics8-10

Health-related quality-of-life impairments  
in those with self-identified long COVID

Economic effects of long COVID in the US 

Mobility problems 

40.2%

Self-care-related impairment

13.2%

Problems doing normal household activities 

62.7%

Moderate pain and discomfort

74.6%

Extreme pain or discomfort

15.0%

Anxiety and depressive feelings 

42.6%

In 2022, the economic effects of  
long COVID were estimated to be 

$3.7 
trillion

$2.6 
trillion

In 2020, the total economic  
effects of long COVID  
were estimated to be

$2.2 
trillion

$997 
billion

Reduced  
earnings

$528 
billion

Increased  
medical spending

The estimated costs of 
long COVID, at $3.7 trillion, 
are 3-4 times more than 
all public education costs 
for the 2019-2020 school 
year, at $870 billion.

Reduced  
quality of life

This includes:
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Scientific advances in DNA sequencing technologies 
have allowed for the simultaneous testing of mul-

tiple genes associated with an inherited susceptibility  
of CRC. As a result, CRC screening and treatment 
protocols have been affected by results from germline 
multigene panel testing,1,2 including but not limited to 
Lynch syndrome (LS), the most common inherited CRC 
syndrome, which is associated with mismatch repair 
deficiency and tumor microsatellite instability.3

A demographic of concern for which systematic ge-
netic risk assessment is recommended is the early-onset 
(EO) population—people diagnosed with CRC before 
age 50 years. More than 15% of EO-CRC cases are due 
to pathogenic variants in cancer susceptibility genes3,4 

irrespective of family cancer history, most of which 
are LS–related and most frequently detected as age at 
CRC diagnosis decreases.5 Thus, multiple international 
guidelines recommend that all individuals diagnosed 
with EO-CRC undergo germline genetic testing6;  
these results have implications for at-risk relatives,  

particularly when a familial pathogenic variant is 
detected and specialized cancer screening or risk-
reducing strategies can be pursued in family members, 
many of whom are cancer-free. The alarming increase 
in EO-CRC rates has led to a focus on the assessment 
of familial and inherited CRC risk to optimize screening 
recommendations among the general population.7,8

Furthermore, universal germline testing of all indi-
viduals with CRC is cost-effective and provides optimal 
surveillance for cancer survivors while also increasing 
the pool of at-risk, cancer-free relatives who benefit 
most from cancer screening and prevention protocols.9 
In fact, indications for universal germline testing for  
relatives of individuals with CRC to personalize screen-
ing recommendations also supports future consider-
ation for population-based germline genetic testing for 
LS genes, as the prevalence of the condition is 1 in  
279 individuals, with more than 1 million individuals  
in the United States affected but unaware of  
their diagnosis.10,11

Germline Genetic Testing in CRC:  
Implications for Familial and Population-Based Testing
Fay Kastrinos, MD, MPH

Frequency of Germline Pathogenic Gene Variants in Patients with CRC12

3.1% 
Lynch syndrome  

genes  

2.2% 
High-penetrance  

non–LS genes 

3.6% 
Moderate-penetrance  

genes 

MLH1  

MSH2  

MSH6  

PMS6  

EPCAM

MUTYH 

(biallelic)  

BRCA1/2 

PALB2 

CDKN2A 

TP53

APC

MUTYH 

(monoallelic) 

CHEK2 
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Frequency of LS in Patients With CRC5,13,14

  
51.6%  
earlier 

diagnosed  
cases

Lynch syndrome 23%

Colorectal  
polyposis  
syndromes 9%

Other 2%

Lynch syndrome 10%

Other 5%

Lynch syndrome 3%

Other 6%< 35 years
34% PV

< 50 years
18% PV

≥ 50 years
10% PV

Early-Onset CRC: Familial and Genetic Risk Assessment7,8

In adults with CRC, it is estimated that applying  
family history and hereditary screening guidelines  
or screening by age 45 would have resulted in:

16.4%  
possibly 

prevented 
cases

1 in 4 patients with CRC aged 40-49 
years met early screening criteria based 
on family history.

  
98.4%  
of these patients could  
have been recommended  
screening initiation at a  
younger age than when  
they were initially  
diagnosed.

CDC Recommendations for Population-Based Lynch Syndrome Testing10,11

1 in 279 in the 
population carry 
mutations in mismatch 
repair genes (MLH1, 
MSH2, MSH6, PMS2), 
which are all LS genes. 

Recommended universal population screening for: 
Lynch syndrome

Considerations to make this initiative effective:

1. Get carriers to act on screening recommendation

2. Assess availability of resources

3. Make sure screening does not affect current health  
    care inequities

Colorectal  
polyposis  
syndromes 3%

Colorectal  
polyposis  
syndromes < 1%

PV, pathogenic variant

Sporadic cases 66% Sporadic cases 82% Sporadic cases 90%
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C lostridioides difficile (C difficile) is a gram-positive 
anaerobic bacillus that produces toxins (enterotoxin 

A [TcdA] and cytotoxin B [TcdB]) that can damage the 
lining of the gastrointestinal tract and cause potentially 
life-threatening disease of the large intestine.1 C difficile 
infection (CDI) is not only a common nosocomial  
infection, but an increasing incidence is seen in the  
community with a high disease burden, as reinfection 
often occurs.2 C difficile is very contagious and spreads 
easily via contaminated surfaces that act as reservoirs 
(especially in healthcare settings); the spores of this  
bacterium are very hard to kill.3

CDI often occurs either while the patient is taking 
antibiotics or soon after finishing them, as the intestinal 
(gut) microbiome and metabolism are altered, which  
allows for C difficile to proliferate.4 People with a com-
promised immune system or other comorbid conditions, 
or who are older than 65 years of age, are especially 
prone to CDI.1

Antibiotics are the first-line treatment for primary 
and recurrent CDI (rCDI), although they do not always 
kill the spores,3 and the dysbiosis caused by antibiotics 
within the gut environment still needs to be addressed.4 

A humanized monoclonal antibody (an immunoglobulin 
G against the cytotoxin B), in combination with  
antibiotics, has been shown to help prevent rCDI in a 
subset of patients.5

Therapies that help restore the gut microbiota to a  
eubiotic state, especially after antibiotic treatment for  
C difficile, have been shown to help manage and prevent 
future rCDI.6 Experimental fecal microbiota transplan-
tation (FMT) performed under enforcement discre-
tion from the FDA is one such microbiota restoration 
therapy.3 Microbes harvested from healthy donor stool 
are transplanted into the intestine of a recipient (usually 
via colonoscopy) to help restore the gut microbiome and 
prevent CDI.7

Two therapeutics are approved by the FDA for  
prevention of rCDI. The first one was approved in 2022 
and is a rectal administration product derived from 
human donor stool (fecal microbiota live-jslm [Rebyota]).8 
The other is an oral capsule (fecal microbiota spores 
live-bprk [Vowst]) containing live spores from fecal 
microbiota.6 With these exciting advances, we can now 
begin to address additional unmet needs with future  
research into microbiota restoration therapies.9

Evolution of Targeted Therapies 
for C difficile
Sahil Khanna, MBBS, MS, FACG, AGAF

Burden of CDI in the United States10-12

patients will be  
reinfected within  
8 weeks.11

patients aged 65+  
will succumb  
within 1 month  
of diagnosis.11

1 in 6 

1 in 11 
and costing nearly  
$5 billion.10

~450,000  
patients are  
affected annually,

causing around  
30,000 deaths,

Patients are 7-10 times more 
likely to have a CDI while

either on 
antibiotics  
or within 
a month 
of ending 
antibiotic 
treatment.12

Indication Guidance

Fidaxomicin14 
(Macrolide antibiotic)

First-line therapy for  
C difficile infection 

Preferred agent for treating CDI

Vancomycin14,15 
(Glycopeptide antibiotic)

First-line therapy for  
C difficile infection 

An acceptable alternative to  
fidaxomicin per Infectious Diseases 
Society of America guidelines16

Metronidazole16 
(Nitroimidazole antibiotic)

Not FDA-approved  
for C difficile

Recommended only for nonsevere 
CDI cases when fidaxomicin or  
vancomycin are unavailable
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Incidence Rate of CDI13

healthcare-associated 
cases 

57.9 
121.2 cases  

(per 100,000 persons) 63.2 

community-associated 
cases  

VS 

While antibiotics can 
kill C difficile, other 
beneficial bacteria also 
suffer, especially with 
use of vancomycin, 
throwing off the balance 
of the microbiome – 
and leaving the gut 
susceptible  
to rCDI.

Indication Guidance

Fidaxomicin14 
(Macrolide antibiotic)

First-line therapy for  
C difficile infection 

Preferred agent for treating CDI

Vancomycin14,15 
(Glycopeptide antibiotic)

First-line therapy for  
C difficile infection 

An acceptable alternative to  
fidaxomicin per Infectious Diseases 
Society of America guidelines16

Metronidazole16 
(Nitroimidazole antibiotic)

Not FDA-approved  
for C difficile

Recommended only for nonsevere 
CDI cases when fidaxomicin or  
vancomycin are unavailable

Antibiotics for Treating CDI14-16

 
Indication 
prevention of rCDI

Mechanism 
binds to exotoxin, TcdB, 
exact mechanism for 
recurrence prevention 
unknown

Guidance 

Recommended 
for age > 65, 
immunocompromised 
individuals, or patients 
with severe CDI after  
a first CDI episode;  
all patients after 
second episode

Monoclonal Antibody for Treating CDI: Bezlotoxumab17,18 
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Solving the Underlying Issue: Restoring Gut Microbiota  
Through Microbiome Restoration4,6 

The human gut microbiota 
comprises ~1013 bacterial  
cells 10× more than the  
total number of human cells  
in the body.4

The colon is the most heavily 
colonized organ in the 
gastrointestinal tract it 
contains > 70% of all the 
microbes in the human body.4

rCDI prevention success rates 
are ≥ 90% with microbiota 
restoration therapies vs ≤ 50% 
with courses of antibiotics.6

✓

Standardized Microbiota Restoration Therapies to Prevent rCDI6,8,19-21

Description Status

Fecal microbiota 
spores live-bprk 
(Vowst)6,8,19

Orally administered, donor stool-derived capsule 
for the prevention of rCDI; improves the  
composition and abundance of the gut microbiota

FDA-approved in 2023 based on 
results from phase 3 clinical trials 
ECOSPOR III

Fecal microbiota  
live-jslm (Rebyota)20

One-dose, microbiota-based enema therapy for 
rCDI; reduces rCDI and improves the composition 
and abundance of the gut microbiota

FDA-approved in 2022 based on  
positive data from the phase 3 
PUNCH CD3 study

VE3036 Oral capsules taken after antibiotic treatment for 
prevention of CDI

FDA granted Orphan Drug Designation 
in 2017; phase 2 CONSORTIUM  
published positive results in 2023; 
phase 3 trial is planned for 2023

RBX745521 Nonfrozen, orally administered, investigational 
live biotherapeutic for rCDI

Positive phase 1 results announced in 
2021; found to be safe and effective in 
preventing rCDI

CP1016 An investigational, orally administered  
microbiome therapeutic designed to  
prevent rCDI

Global phase 3 trial PRISM4 was  
discontinued as of 2022

➤ The number of FMT stool donor centers has been declining—especially since the pandemic.

➤ Studies of FMT have varied widely in stool quantity, preparation, storage, and administration 
procedures and more adverse events from FMT are being reported.

➤ Two standardized microbiota-based therapies are FDA-approved for rCDI fulfiling this unmet need.

Unmet needs of FMT9
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CADx – ~95%
Expert endoscopists – 82%
Novice endoscopists – 67%

The availability of AI technologies to improve  
the overall quality of GI endoscopy has grown  

significantly over the last decade.1  AI algorithms have  
shown promise in detecting  malignant, infectious,  
and inflammatory diseases in both upper and lower  
GI endoscopy imaging.2 Most AI research in endoscopy 
is currently focused on computer-aided detection 
(CADe) and diagnosis (CADx), but other computer  
vision tools are also in development, ranging from  

algorithms to measure IBD activity to dysplasia detec-
tion in Barrett's esophagus.2,3

Improved lesion detection and classification with AI can 
support clinical decision-making and lead to better patient 
outcomes, cost savings, clinician time management, and 
other efficiencies within the health care system.2-7 However, 
some substantial barriers must be overcome and current 
projections must be validated with clinical and real-world 
trials before we can fully rely on AI in these settings.8-11

Harnessing the Power of AI to Enhance Endoscopy: 
Promises and Pitfalls
Eugenia Uche-Anya, MD, MPH

Where Are We Today?3-6

Annual prevention of

Projections are based  
on a modeling study.  
Future randomized  
clinical trials will provide 
clarity on the true impact  
of AI in practice.

7,194 
additional CRC cases

Detection With CADe

AI-assisted optical diagnosis 
without magnification can 
diagnose > 90% of diminutive  
(≤ 5 mm) rectosigmoid polyps.4

Colonoscopy  
with CADe leads  
to a 35%-52% 

reduction in 
adenoma miss  

rate.3

What Is the Potential Impact of AI?7

A simulation of AI implementation in colonoscopy screening for average-risk US patients estimates…

2,089  
CRC-related deaths

CRC incidence CRC mortality Incremental Gain

+3.6%

+4.8%
44.2% 48.9% 48.7% 52.3%

Relative Reduction 
(compared with no screening)

without 
AI tools

with 
AI tools

without 
AI tools

with 
AI tools

Diagnosis With CADx

Studies have shown high 
accuracy in diagnosing 
colorectal polyps compared  
to endoscopists5,6: 
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What Barriers Still Remain?1,8-11

Technological barriers1,8 Cost7

Endoscopist beliefs9

➤  Their current adenoma detection rate is sufficient

➤  CADe is too early in development 

➤  Prices will drop once competition increases

➤  Wait and see what experts will do

➤  AI competes with physician expertise 

Unlike endoscopists who can multitask, 

deep-learning models 
focus on 1 disease or 
task at a time.

A survey of US endoscopists found that only  
40% are willing to perform optical diagnosis.10 

It is difficult to identify inadequacies in 
training data until validation or clinical 
trial testing results are available.

Upfront implementation of AI leads to some 
initial new costs. However, its long-term use 
has cost-saving benefits.

 

Race and sex inequities11

Selective bias

Research efforts have focused largely on conditions 
impacting White populations, often overlooking  
populations of high unmet need.

Data collection

Algorithms have been developed from skewed data sets 
(ie, predominantly White and male), and may not have 
the same predictive power in other populations.

Variable selection

Many disease predictors are stronger in some populations 
than others. Including such factors in AI algorithms 
leads to discrepancies in patient outcomes. 

Post-development considerations

AI tools developed with the best intentions may still 
lead to biased outcomes in real-life applications. 
Continued auditing and assessment of efficacy across 
subpopulations can lead to an improvement in racial 
disparities.

CADe models have lower sensitivity and higher miss 
rates for proximal polyps and sessile serrated  
lesions, which affect Black patients at higher rates.

Black patients have: 

20% higher CRC incidence

40% higher CRC deaths

30% higher interval CRC risk





$57-94 per-person savings  
for colonoscopy screening with AI

$290 million yearly US savings  
due to decreased cases of CRC  
and related deaths
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Generalist Medical Artificial Intelligence (GMAI) Clinician-Based Solutions

Technology Capabilities Opportunities

Chatbots Chatbot-powered patient support apps can 
provide a holistic view of the patient’s case 
by analyzing data like symptom descriptions, 
monitor readings, medication logs, and other 
self-reported information.

Chatbots can reduce the need for clinician  
intervention, although the clinician would still  
be available.

Clear communication, using lay terms 
without compromising  
accuracy

Diverse data collection

Patient-collected data may be more 
prone to error or less reliable 

Bedside decision 
support

New bedside tools can provide more  
detailed explanations of changes to patient  
status and recommendations for future  
care using free-text explanations and data  
summaries.

Compare potential treatments  
and estimate possible effects  
while staying within therapeutic  
guidelines

Interactive notetaking AI models can preemptively draft reports by 
monitoring electronic records and clinician- 
patient conversations.

This technology can reduce administrative  
overhead and give clinicians more time to  
spend with patients.

Accurate interpretation of speech  
signals, medical jargon, and  
abbreviations

Proper contextualization of  
information 

Text-to-image  
generation

AI models such as GLIDE (Guided Language 
to Image Diffusion for generation Editing) 
could be used to generate histopathology 
images for research purposes using textual 
prompts.

In the future, text-to-image  
generative models such as GLIDE 
and subsequent improved model  
architectures could be used in 
medical image analysis applications, 
solving the problem of researchers 
having to train generative models  
on each niche domain. 

The Future of AI in Medical Practice12,13

More large-scale AI applications on the horizon will continue to benefit both clinicians—aiding in informed 
decision-making and freeing up time—and patients, in the form of improved outcomes. However, many 
challenges must still be overcome before we can fully rely on these technologies.

Components that trigger paradigm shifts in AI and GMAI models

Key advantages: Controllability, Adaptability, Applicability

Key considerations: Validation, Verification, Social biases, Privacy, Scale
 

A survey of US endoscopists found that only  
40% are willing to perform optical diagnosis.10 

$57-94 per-person savings  
for colonoscopy screening with AI

$290 million yearly US savings  
due to decreased cases of CRC  
and related deaths
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IBD can involve chronic inflammation of the GI tract 
that can lead to severe complications. Although sur-

gery is not the first-line treatment for IBD, it may need 
to be considered in certain situations, such as when 
medication and other measures are ineffective, or in 
cases of certain disease manifestations.

Surgical options have evolved significantly over the 
years, with advancements in techniques, technologies, 
and perioperative care that have helped improve out-
comes, reduce complications, and enhance quality of life 
for patients—especially with minimally invasive surgery 
(MIS) approaches. MIS procedures for IBD include  

multiport laparoscopy and robotics.1,2 Now, colorectal 
surgeons have specialized to treat IBD—especially in 
MIS fashion when applicable.3

Successful IBD management requires a collaborative 
approach—and surgeons play a crucial role within this 
framework.4 A multidisciplinary approach ensures  
that individuals with IBD receive comprehensive care 
that integrates medical, surgical, and supportive  
interventions (ie, nutrition, mental health, and peer 
support)—maximizing treatment outcomes, minimizing 
complications, and improving the overall quality of life 
for patients with IBD who require surgery.

The Evolving Role of Surgery
for IBD
Julie K.M. Thacker, MD, FACS, FASCRS

Key Developments in the Field of Surgery for IBD1-3,5

Minimally invasive techniques1,2

Laparoscopic and robotic-assisted surgeries have revolutionized IBD surgery with several advantages 
over traditional open surgery.

These procedures involve widening  
narrowed segments of the intestines in  

Crohn's disease.

Advancements allow for tailoring the  
procedure to the specific characteristics  

of the strictures. 

Smaller 
incisions

Reduced  
blood loss

Decreased risk 
of infection

Shorter 
hospital stays

Quicker 
recovery times

Full-capacity recovery 
after minimally invasive 
surgery is often achieved  
in 2 to 4 weeks.3Stricturoplasty techniques5

Chronic strictures  
< 7 cm may  
sometimes be  
amenable to 
stricturoplasty  
rather than  
resection.
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Nutrition support

Analgesia strategies

Fluid resuscitation

Rehabilitative  
exercise programs

Enhanced Imaging and Preoperative Planning6-9

Advanced imaging modalities have improved the preoperative assessment of IBD by providing  
detailed information about disease location, extent, and complications.

High-definition 
imaging and virtual 
chromoendoscopy 

have improved 
endoscopic 

surveillance.6

Confocal laser 
endomicroscopy 

provides a  
magnified, cellular  

level view of GI 
epithelia.7

Endocytoscopy 
precisely identifies 

various types  
of infiltrated 

inflammatory cells 
without biopsy.8

Timing of surveillance should 
be tailored based on each 
patient’s 1- to 5-year risk.6

Cross-sectional  
imaging techniques  
provide accurate 
preoperative detection 
and grading of fibrosis 
in stricturing Crohn’s 
disease.9

Improved Stoma Techniques10

✓Advances in stoma care  
       products have enhanced the  
       management of ostomies, leading  
       to better patient outcomes.10 

✓Surgeons now have a good  
      understanding of stoma  
      placement, which can result  
      in improved functionality and  
      patient comfort.

Progress in Perioperative Management11,12

Perioperative management has drastically changed 
the experience of the early postoperative phase  
for patients with IBD.11

Enhanced recovery after  
surgery (ERAS) protocols  
have been shown to improve 
long-term outcomes while  
reducing12:

• Complication rate  
by 20%-50%

• Length of hospital stays

• Need for ICU care

Ultrasound
CT
MR (diffusion-weighted, diffusion 
kurtosis, magnetization transfer) 

Enterography
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Diagnosis and preoperative assessment

Gastroenterologists play a central role in diagnosing and managing IBD by:

Working closely with surgeons to assess the severity and extent of disease

Evaluating treatment responses

Performing endoscopic procedures to visualize the GI tract and collecting tissue samples for pathology evaluation

Surgical planning and decision-making

Surgeons collaborate with gastroenterologists and nurses to:

Determine the appropriate timing for surgery

Develop a personalized surgical plan for patients

Assess the disease characteristics, medical history, response to medications, and overall health status to determine the 
optimal surgical approach

Radiologists:

Interpret imaging studies to provide detailed anatomical information that aids in surgical planning

Patient education and counseling

Specialized IBD nurses play a vital role in providing patient education and counseling before surgery:

Educate patients about the surgical procedure, potential risks and benefits, postoperative care, and lifestyle  
modifications

Offer emotional support, address concerns, and help patients navigate the entire surgical process

Multidisciplinary Team Follow-up4-12 

Multidisciplinary team follow-up is crucial for optimizing the outcomes of IBD surgery—including  
coordination of care and information sharing across all team members.4 
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Gastroenterology and Climate Change: Assessing  
and Mitigating Impacts
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REBYOTA® (fecal microbiota, live - jslm) suspension, for rectal 
use

Brief Summary Please consult package insert for full Prescribing 
Information

INDICATIONS 
REBYOTA is indicated for the prevention of recurrence of 
Clostridioides dif� cile infection (CDI) in individuals 18 years of 
age and older following antibiotic treatment for recurrent CDI. 
Limitation of Use: REBYOTA is not indicated for treatment of CDI.

CONTRAINDICATIONS
Do not administer REBYOTA to individuals with a history of a 
severe allergic reaction (e.g. anaphylaxis) to any of the known 
product components.

Each 150mL dose of REBYOTA contains between 1x108 and 
5x1010 colony forming units (CFU) per mL of fecal microbes 
including >1x105 CFU/mL of Bacteroides, and contains not greater 
than 5.97 grams of PEG3350 in saline.

WARNINGS AND PRECAUTIONS
Transmissible infectious agents: Because REBYOTA is 
manufactured from human fecal matter it may carry a risk of 
transmitting infectious agents. Any infection suspected by a 
physician possibly to have been transmitted by this product should 
be reported by the physician or other healthcare provider to Ferring 
Pharmaceuticals Inc. 

Management of acute allergic reactions: Appropriate medical 
treatment must be immediately available in the event an acute 
anaphylactic reaction occurs following administration of REBYOTA.

Potential presence of food allergens: REBYOTA is manufactured 
from human fecal matter and may contain food allergens. The 
potential for REBYOTA to cause adverse reactions due to food 
allergens is unknown.

ADVERSE REACTIONS
The most commonly reported (≥ 3%) adverse reactions occurring 
in adults following a single dose of REBYOTA were abdominal pain, 
(8.9%), diarrhea (7.2%), abdominal distention (3.9%), � atulence 
(3.3%), and nausea (3.3%). 

Clinical Trials Experience: The safety of REBYOTA was evaluated 
in 2 randomized, double-blind clinical studies (Study 1 and Study 
2) and 3 open-label clinical studies conducted in the United States 
and Canada. A total of 978 adults 18 years of age and older with 
a history of 1 or more recurrences of Clostridioides dif� cile (CDI) 
infection and whose symptoms were controlled 24 – 72 hours 
post-antibiotic treatment were enrolled and received 1 or more 
doses of REBYOTA; 595 of whom received a single dose of 
REBYOTA.

Adverse Reactions: Across the 5 clinical studies, participants 
recorded solicited adverse events in a diary for the � rst 7 days 
after each dose of REBYOTA or placebo. Participants were 
monitored for all other adverse events by queries during scheduled 
visits, with duration of follow-up ranging from 6 to 24 months after 
the last dose. In an analysis of solicited and unsolicited adverse 
events reported in Study 1, the most common adverse reactions 
(de� ned as adverse events assessed as de� nitely, possibly, or 

probably related to Investigational Product by the investigator) 
reported by ≥3% of REBYOTA recipients, and at a rate greater than 
that reported by placebo recipients, were abdominal pain, (8.9%), 
diarrhea (7.2%), abdominal distention (3.9%), � atulence (3.3%), 
and nausea (3.3%).Most adverse reactions occurred during the 
� rst 2 weeks after treatment. After this, the proportion of patients 
with adverse reactions declined in subsequent 2-week intervals. 
Beyond 2 weeks after treatment only a few single adverse 
reactions were reported. Most adverse drug reactions were mild 
to moderate in severity. No life-threatening adverse reaction was 
reported. 

Serious Adverse Reactions - In a pooled analysis of the 5 clinical 
studies, 10.1% (60/595) of REBYOTA recipients (1 dose only) and 
7.2% (6/83) of placebo recipients reported a serious adverse event 
within 6 months post last dose of investigational product. None 
of these events were considered related to the investigational 
product.

USE IN SPECIFIC POPULATIONS
Pregnancy:  REBYOTA is not absorbed systemically following 
rectal administration, and maternal use is not expected to result in 
fetal exposure to the drug.

Lactation: REBYOTA is not absorbed systemically by the mother 
following rectal administration, and breastfeeding is not expected 
to result in exposure of the child to REBYOTA.

Pediatric Use: Safety and effectiveness of REBYOTA in individuals 
younger than 18 years of age have not been established.

Geriatric Use: Of the 978 adults who received REBYOTA, 48.8% 
were 65 years of age and over (n=477), and 25.7% were 75 years 
of age and over (n=251). Data from clinical studies of REBYOTA 
are not suf� cient to determine if adults 65 years of age and older 
respond differently than younger adults.

For more information, visit www.REBYOTAHCP.com

You are encouraged to report negative side effects of 
prescription drugs to FDA. Visit www.FDA.gov/medwatch, or call 
1-800-332-1088. 

Manufactured for Ferring Pharmaceuticals by Rebiotix, Inc. 
Roseville, MN 55113

US License No. 2112

9009000002

Rx Only

Ferring, the Ferring Pharmaceuticals logo and REBYOTA are 
registered trademarks of Ferring B.V. 
©2023 Ferring B.V.

This brief summary is based on full Rebyota Prescribing 
Information which can be found at www.RebyotaHCP.com
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RESTORE HOPE

aIn the pivotal phase 3 trial, 32.8% of patients were treated at fi rst recurrence of CDI following antibiotic treatment of CDI.1

Where dysbiosis once left the gut microbiome in ruin,

RISE ABOVE RECURRENT 
C. DIFFICILE INFECTION
and restore hope with REBYOTA®

The fi rst and only single-dose microbiota-based live 
biotherapeutic approved to prevent recurrence of C. diffi cile
infection starting at fi rst recurrence.1,2,a

Scan to 
visit website

Ferring, the Ferring Pharmaceuticals logo and REBYOTA 
are registered trademarks of Ferring B.V. 
©2023 Ferring B.V. All rights reserved. US-REB-2200129-V2  7/23

INDICATION
REBYOTA (fecal microbiota, live - jslm) is indicated for 
the prevention of recurrence of Clostridioides difficile 
infection (CDI) in individuals 18 years of age and older,  
following antibiotic treatment for recurrent CDI.
Limitation of Use
REBYOTA is not indicated for treatment of CDI.

IMPORTANT SAFETY INFORMATION
Contraindications
Do not administer REBYOTA to individuals with a history 
of a severe allergic reaction (eg, anaphylaxis) to any of 
the known product components.
Warnings and Precautions
Transmissible infectious agents
Because REBYOTA is manufactured from human fecal 
matter, it may carry a risk of transmitting infectious 
agents. Any infection suspected by a physician possibly 
to have been transmitted by this product should be 
reported by the physician or other healthcare provider 
to Ferring Pharmaceuticals Inc.
Management of acute allergic reactions
Appropriate medical treatment must be immediately 
available in the event an acute anaphylactic reaction 
occurs following administration of REBYOTA.
Potential presence of food allergens
REBYOTA is manufactured from human fecal material 
and may contain food allergens. The potential for 
REBYOTA to cause adverse reactions due to food 
allergens is unknown.

Adverse Reactions
The most commonly reported (≥3%) adverse reactions 
occurring in adults following a single dose of REBYOTA 
were abdominal pain (8.9%), diarrhea (7.2%), abdominal 
distention (3.9%), flatulence (3.3%), and nausea (3.3%).
Use in Specific Populations
Pediatric Use
Safety and efficacy of REBYOTA in patients below 
18 years of age have not been established.
Geriatric Use
Of the 978 adults who received REBYOTA, 48.8% were 
65 years of age and over (n=477), and 25.7% were 
75 years of age and over (n=251). Data from clinical 
studies of REBYOTA are not sufficient to determine if 
adults 65 years of age and older respond differently 
than younger adults.

You are encouraged to report negative side 
effects of prescription drugs to FDA. Visit 
www.FDA.gov/medwatch, or call 1-800-332-1088. 

Please see Brief Summary on next page and full 
Prescribing Information at www.REBYOTAHCP.com.
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