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Conclusion

This meta-analysis did not suggest any increased risk of
cancers associated with GLP 1RAs use in T2DM. The
reduction in the risk of overall cancer associated with GLP
1RAs.

Key Words
GLP 1 receptor agonists, thyroid Cancer, meta-analysis, type
2 diabetes mellitus (T2DM)

ABSTRACT

Background

Diabetes is a medical condition known and diagnosed when
the human body does not use the insulin hormone
effectively. This causes blood sugar levels to rise. There are
2 diabetes types. Oral hypoglycaemic drugs are used in the
treatment of type 2 diabetes mellitus (T2DM) while insulin
used in treatment of type 1 diabetes.

Aims

Evaluating the risk of thyroid and pancreatic cancer
associated with GLP 1 R agonists (GLP 1RAs), by carrying out
a meta-analysis based on collecting information about
cancers associated with GLP 1RAs in patients with type 2
diabetes mellitus (T2DM).

Methods

Medline and Clinical Trials were searched to identify
randomized controlled trials that reported cancer events in
T2DM patients treated with glucagon like peptide 1
receptor agonists (GLP 1RAs). Odds ratio (OR) with 95
percent Confidence Interval (Cl) was calculated for overall
cancer (primary outcome), thyroid cancer and compare the
results with pancreatitis.

Results

A total of 11 eligible trials were identified. The OR for
overall thyroid cancer associated with GLP 1RAs was 0.004
(95 percent Cl 0.003—0.005; p<0.001) for pancreatitis was
0.027 (95 percent Cl 0.022-0.032; p<0.001) compared with
comparators, and no elevated risk of overall cancer was
identified for other GLP 1RAs. No significant differences in
the risks of thyroid cancer were disclosed between GLP
1RAs and comparators.

What this review adds:

1. What is known about this subject?

Diabetes is a medical condition known and diagnosed when
the human body does not use the insulin hormone
effectively. This causes blood sugar levels to rise.

2. What new information is offered in this review?

This meta-analysis provides convincing evidence against the
presumption that the therapeutic class of GLP1 RAs
increases the risk of thyroid cancer and pancreatitis.

3. What are the implications for research, policy, or
practice?

There is an urgent need for more large scale RCTs with long
term thyroid safety monitoring while administering this
group of medications.

Introduction

Diabetes Mellitus (DM)

DM is an illness where the hormone insulin is not used
effectively by the human body, leading to sugar levels to
rise in the blood™>. There are 2 diabetes types, Type 1,
which occurs when no insulin is produced by the human
body because the immune system assaults and destroys the
pancreatic cells. It's generally found in kids (juvenile
diabetes) but sometimes it appears in adults. Type2
diabetes occurs when the body doesn't generate enough
insulin or resist the effect of insulin. (Association, 2005).
Blood glucose high level can cause severe health issues that
harm the blood vessels, nerves, heart, eyes, and kidneys,
Lack of monitoring Type 2 diabetes may also include nausea
or vomiting, rapid breathing, ketone odor, weakness,
somnolence, confusion, and uncoordinated muscle motion.
If diabetes remains untreated, it may even lead to coma and
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death. In type 2 diabetes there are many indications of
insulin resistance darkening skin around the throat or axes,
high blood pressure, cholesterolemia, yeast infections, and
disruption periods in teenage girls and females*®. At
present, kids at risk of illness are mostly diagnosed because
more kids are overweight and less physically active (Tripathi
and Srivastava, 2006).

At late stage, the symptoms become more severe, these
symptoms frequently include extreme hunger and thirst,
frequent urination, weight loss, fatigue, drowsiness, delayed
vision, sores, recurrent skin, gum, bladder or vaginal yeast
diseases, dry itchy skin and numbness in the fingers or feet.
Diabetic Patients are normally diagnosed with HBAI1C
blood test as a gold standard (Committee, 2009). In addition
to fasting blood sugar testing after 8 hours and random
blood sugar testing (Association, 2016) (Alberti and Zimmet,
1998).

Pre-diabetes is defined and diagnosed when blood glucose
levels are higher than normal but not too high to be
formally diagnosed as diabetes. Pre-diabetics are at high risk
of developing type 2 diabetes which is defined as Impaired
glucose tolerance and impaired fasting glucose, HBA1C of
5.7 percent to 6.4 percent (Ferrannini et al., 2011). Risk
variables that cause type 2 diabetes include obesity that
increases insulin resistance, alcohol , tobacco and age
(especially over 45 years) in addition to race / ethnic
background and family history (Grundy, 2012). In women,
unbalanced hormone levels called polycystic ovary
syndrome (PCOS) and pregnancy (Gestational diabetes) are
also risk factor for developing diabetes further in life (Hu et
al., 2001). The American Academy of Family Physicists
(AAFP) recommends that pregnant females be screened for
gestational diabetes after the 24th week of pregnancy. The
higher incidence of risk factors the higher the probability of
%13 0n the other hand, the
use of prevention as exercise for 30 to 60 minutes and

occurrence the type 2 diabetes

weight control with a healthy diet is proven to prevent or
delay the occurrence of type 2 diabetes option through
lifestyle changes (Grundy, 2012).

Anti-diabetic medications are divided into oral medicine and
insulin. Proper use and control of diabetes and glucose
blood level is proven to delay serious health problems,
these are known as diabetic complications which are
divided into two types, Micro-vascular complication Known
as diabetic neuropathy (nerve damage) in brain and other
parts of the body and losing ability to feel, Diabetic
diabetic
nephropathy (kidney damage) (Nathan, 1993). As for macro-

retinopathy (eye problems) and

vascular complications of diabetes will lead to heart disease
and stroke (Brownlee, 2001).

Anti-diabetic medications

Insulin

Different types of insulin give several options to control type
| and Il DM. Such as rapid acting insulin which has a 15
minutes onset, 1 hour peak and 4 hours duration. On the
other hand, short acting (regular) insulin has 30 minutes
onset, 3 hour peak and 6 hour duration. Furthermore,
intermediate acting insulin with 4 hours onset, 12 hours
peak and 18 hours duration. The slowest among them is the
long acting insulin which has an onset Several hours after
injection, does not peak and 24 hours duration (Shah and
Shafi, 2019).

Oral Anti-hyperglycaemic Drugs
Biguanides (metformin)

Is the main class of oral type 2 diabetes drugs, which works
by decreasing hepatic glucose production, decreasing
gastrointestinal glucose absorption, and increasing target
cell insulin sensitivity. This group is contraindicated
in metabolic acidosis, abnormal creatinine clearance, acute
myocardial infarction, septicaemia, renal disease, lactation,
and radiologic contrast study within 48 hours (Schéfer,
1983).

Thiazolidinedione (Pioglitazone, rosiglitazone)

It increases insulin receptor sensitivity and influences the
production of gene products involved in lipid and glucose
metabolism, increases insulin sensitivity of the body cells
and reduces the production of glucose by the liver. It is
contraindicated in established NYHA class IIlI/IV heart
failure. This group might cause swelling due to water
retention, weight gain, Pioglitazone increases the risk of
bladder cancer while Rosiglitazone increases risk of a non-
fatal heart attack (Diamant and Heine, 2003).

Sulfonylureas (Glyburide , glipizide, Gliclazide, glimepiride,
tolazamide, tolbutamide)

Works by Stimulating beta cell insulin secretion, decrease
increase insulin

hepatic glucose output and receptor

15-20
LIt

contraindications include sulfa allergy, type 1 diabetes,

sensitivity at  peripheral  target tissues

diabetic ketoacidosis, concomitant use with risk to
hypoglycemia (Diamant and Heine, 2003).

Meglitinides (Repaginate)

Works by Stimulating the pancreas to produce more insulin
leading to hypoglycemia (Black et al., 2007).

Alpha glucosidase inhibitors (Acarbose & Miglitol)

It inhibits the upper gastrointestinal enzymes that convert
dietary starch and other complex carbohydrates into simple
sugars, which can be absorbed. Its contraindications include
Diabetic

disease, colonic ulceration, partial intestinal obstruction,

ketoacidosis, cirrhosis, inflammatory bowel
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and renal failure. Might cause bloating, flatulence, and
Diarrhea (Lebovitz, 1997).

Dipeptidyl peptidase 4 (DPP 4) inhibitors (Linagliptine,
Saxagliptine, Sitagliptine, Alogliptine)

Works by increase of intestinal hormones effect which is
involved in the control of blood sugar. This group might
Cause Pharyngitis, headache (Elrishi et al., 2007).

Sodium glucose co transporter 2 (SGLT2) inhibitors
(Canaglifozine, Dapagliflozine, Empagliflozine,
Ertugliflozine)

It helps eliminate glucose in the urine, and it might cause
genital and urinary infections, more frequent urination
(Jabbour and Goldstein, 2008, Shah and Shafi, 2019).
Glucagon like Peptide 1 receptor agonist (GLP1RA)

Insulin and amylin hormones control glucose homeostasis
and are produced by beta cells in the pancreas; glucagon
has a role in glucose homeostasis and is produced by alpha
cells in the pancreas;

and gastrointestinal peptides,

including glucagon like peptide 1 (GLP 1) and glucose

2 Any disturbance

dependent insulin tropic polypeptide 2
in previous substances may contribute to diabetes (Plum et
al., 2006). GLP 1 is produced from the proglucagon gene in
small intestine L cells and is secreted in reaction to meals.
GLP 1 binds to a particular receptor. GLP 1 stimulates insulin
release from the pancreatic islets that is dependent on
glucose. It slows gastric emptying, inhibits the unsuitable
release of glucagon after the meal, and reduces the
consumption of food. GLP 1 also slows gastric emptying

(Schjoldager et al., 1989).

Glucagon like Peptide 1 receptor Agonist (GLP1RA
)

Exenatide

It is a synthetic analog of extending 4 obtained from the
lizard saliva called Heloderma suspectum. Approved in 2005
by the U.S. Food and Drug Administration and in 2006 by
the European Union for T2DM therapy (Hargrove et al.,
2007). The half-life of exenatide is about two hours after
subcutaneous administration; therefore, it is administered
twice daily beginning at a dose of 5 mcg twice daily, titrating

29-35 .
. It is excreted

it up to 10mcg twice daily after 1 month
by the kidney and is associated with a decrease of about 1
percent in HBA1C that affects both fasting (15 to 25mg
percent) and post prandial Glucose from plasma (15 to 30
mg percent) (Barnett, 2007).Weight loss over 30 weeks of
roughly 1.0 to 2.5kg and over 52 weeks of 3 to 6kg (Buse et
al., 2010). The most significant adverse effect is nausea and
vomiting (Barnett, 2007). There is a warning that it might
cause or induce pancreatitis and it can be strongly argued
by most authors that the risk is more theoretical than
practical (Denker and Dimarco, 2006).

Exenatide Long Acting Release (LAR)

Approved for use in 2011 by the European Medical
Association, it is the first anti Hyperglycemia to be injected
once a week. It is authorized for use and has a 4 day plasma
half-life. It is renal excreted and shares much of the same
exenatide features with a handy dosage once a week and a
safer profile of side effects (Copley et al., 2006). The
incidence of nausea and vomiting is smaller than twice a day
of exenatide and vomiting in one week of preparing.
Compared to twice a day exenatide, it is slightly more
efficient in decreasing HBA1C and fastening plasma glucose
(Sennik et al., 2012, Norris et al., 2009, Dore et al., 2011).
Taspoglutide

It shares a 93 percent homology with the native GLP 1 and
is completely resistant to DPP 4 inhibitor degradation.
Limited information from two published studies indicates
that HBA1C was decreased by about 1.1 percent. There was
a greater incidence of exenatide gastrointestinal side effects
and hypersensitivity reactions observed (Dong et al., 2011,
Ratner et al., 2010).

Liraglutide

Is an acylated GLP 1 analog that is self-associated to a
heptametrical structure that delays subcutaneous injection
site absorption? It was approved for use in 2009 by the EU
and in 2010 by the USFDA. It shares the indigenous GLP 1's
97 percent homology. It has between 9 and 14 hours of
plasma half-life and is metabolized with 10 to 18 hours of
DPP 4 and neutral endopeptidasis. It has an initiate dose of
0.6 mg/day titrated to a maximum of 1.8 mg/day on a week.
It mildly impacts renal and gastrointestinal excretion with

. . . . . 35-45
mild and serious hepatic impairment

. The average
decrease in HBALC is as high as 1.6 percent and the weight
loss is as high as 2.5 kg over 30 weeks. Nausea and vomiting
are the most common side effects in roughly 8 percent of
patients that trigger the withdrawal of treatment. There is a
warning of rare pancreatitis complications (Madsbad et al.,
2011, Croom and McCormack, 2009).

Lixisenatide

It is a novel human GLP 1R agonist undergoing phase 3
trials. It is a very powerful and selective agonist of GLP 1R
(four times more powerful than human GLP 1). It causes
important weight loss; however, up to 22 percent of
patients may experience mild nausea. 20 pg once daily dose
of lixisenatide demonstrates the best efficacy to tolerability
ratio (Barrington et al., 2011).

Albiglutide

It is a long acting GLP 1, resistant to DPP 4 degradation. It is
also currently in phase 3 trials. Compared with currently
available GLP 1 analogus, it may provide a more patient
friendly dosing profile (once weekly or less common
dosing). Efficacy information shown in 40 Japanese patients
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suggest a mean reduction in HBA1C of 0.58 percent (15 mg /
week), 0.57 percent (30 mg/week), 0.63 percent (50
mg/week) and 0.51 percent (100 mg/month). Common
adverse reactions included nausea, vomiting, headache,
dizziness, nasopharyngitis, back pain, upper respiratory
tract infections, and local skin reactions (Seewoodhary and
Davies, 2011).

Dulaglutide

It is a long acting GLP 1 analogue it was planned to have a
convenient dosage once a week. In a randomized double
blinded placebo controlled research (262 obese patients of
type 2), a decrease in HBA1C of roughly 1,28 to 1,52 percent
was observed along with a weight loss of 1,40 and 2,51 kg.
The most commonly reported negative occurrences were
upper gastrointestinal symptoms of nausea, diarrhea, and
abdominal distension (Gupta, 2013).

Common adverse effects

GLP 1 receptor agonist most prevalent adverse effects are
gastrointestinal, including Diarrhea, nausea, and vomiting.
Over time, for many patients, these are often self-limiting
(Copley et al., 2006).In clinical studies, these agents were
discontinued by less than 5 percent owing to
gastrointestinal impacts (Prasad-Reddy and Isaacs, 2015).
With greater doses, adverse effects are more prevalent and
typically enhance over time. Slow dose titration contributes
to these impacts. Taspoglutide developed to have a longer
duration of action than Liraglutide and was studied in more
than 6000 patients to compare the efficacy and safety of
Taspoglutide once a week with exenatide twice a day
(Retterstgl, 2009). HBA1C, fasting plasma glucose, and body
weight without serious hypoglycaemia was considerably
decreased by both exenatide and Taspoglutide (Prasad-
Reddy and Isaacs, 2015). Taspoglutide’s generally is given at
20 mg weekly, however, was worse than 10 pg daily
exenatide, This included more gastrointestinal impacts (21.6
percent vs. 10.1 percent), hypersensitivity (4.1 percent vs.
0.8 percent), and site responses (10.9 percent vs. 0.8
percent). The 10 mg weekly Taspoglutide had fewer adverse
effects than the 20 mg daily dose, but it was worse than
exenatide. Nearly twice as many patients withdrew from
the research in the Taspoglutide arm (Prasad-Reddy and
Isaacs, 2015). It has been suggested that the increased
nausea and vomiting with Taspoglutide may reflect some of
the pharmacokinetic variations, and generally on the day of
injection these impacts were worse™>*. Because of the
study's elevated levels of adverse effects and elevated
discontinuation rate, tests were stopped in September
2010, and it is not anticipated that this drug will be released

(Prasad-Reddy and Isaacs, 2015).

GLP1RA Analogue as Mono-therapy

In their anti-hyperglycaemic impacts, all the presently
accessible GLP1RA are more or less equally effective. They
have been shown to be non-inferior to the highest doses of
metformin, pioglitazone, SU and insulin (Madsbad et al.,
2011).
exenatide in relation to HBA1C Reduced by 0.33 percent for

Liraglutide was seen to have an advantage over

Liraglutide, with a greater proportion of patients attaining
HBA1C of<7.0 percent relative to exenatide (54 percent vs.
43 percent) (Madsbad et al., 2011) . Comparing sustained
release exenatide (LAR) and Liraglutide suggest that
Liraglutide has glycaemic efficacy could see an advantage
over long acting release exenatide (LAR), with a more secure
side effect profile (Buse et al., 2013). Exenatide LAR may
have a higher advantage relative to exenatide; however, a
higher post prandial glucose lowering impact has been
shown by daily exenatide. Weight loss for all the three GLP
1 analogues (exenatide, exenatide LAR, and Liraglutide)
seems to be more or less similar. A meta-analysis of the
of GLP1RA
proposed a decrease of HBA1C between 0.81 and 1.13

effectiveness (exenatide and Liraglutide)
percent; a 21 to 33 mg decrease in blood glucose and a 16
to 41 mg decrease in post prandial glucose. Average weight
loss ranged from 0.78 to 3.95 kg, higher than Liraglutide for
exenatide (Kayaniyil et al., 2016). Upper gastrointestinal
symptoms (nausea, vomiting, abdominal fullness, and
uncommon Diarrhea) are the most commonly observed
adverse effects using GLP 1 analogues. This contributes to a
withdrawal rate of about 4 percent, more for exenatide
compared to Liraglutide, according to a meta-analysis. The
exenatide LAR showed have the least side effects when
compared to exenatide (26 percent vs. 35 percent) for
nausea and 110 percent vs. 19 percent for vomiting) with
greatest therapy. (Madsbad et al., 2011, Seewoodhary and
Bain, 2010, Aroda and DeYoung, 2011)

GLP as Combination Therapy

GLP1RA are currently approved for the treatment of T2DM
as monotherapy, dual therapy and triple therapy
medications (Zinman et al., 2009). Studies have shown an
improvement of HBA1C by 0.6 to 1.5 percent over a three
year study period with a continuous advantage of > 1
percent (Best et al., 2012). It was evident from the LEAD
meta-analysis that when Liraglutide is added to current oral
treatment, the advantage in HBA1C is about 1.5 percent.
Similarly, exenatide LAR and exenatide showed an
advantage of an HBA1C decrease of up to 1.1 percent (Best
et al.,, 2012). In combination with metformin HBA1C: 1.0
percent for Liraglutide versus 0.8 percent for exenatide,
with target HBA1C of<7 percent for 66 percent and 46
percent for patients respectively. Fasting glucose: 18 —27

mg percent post prandial glucose: average 47 mg percent. It



AMJ

et PO [AM] 2023;16(6):661-681]

was shown to be non-inferior the combination therapy of
glimepiride and metformin combination (Best et al., 2012).
Combined with SU HBA1C was observed to be decrease by
1.1 percent for Liraglutide versus 0.86 percent for
exenatide, with 66 percent and 41 percent of patients
attaining target HBA1C of < 7 percent in combination with
dual oral treatment respectively (Marre et al., 2009).
Exenatide in dual or triple oral therapy was shown to be
non-inferior to insulin glargine in terms of HBA1C reduction,
a much higher proportion of patients achieved their
exenatide HBA1C target of<7 percent (53.4 per cent)
compared to insulin glargine (19.8 per cent) (Davies et al.,
2009).

A systematic review of the use of exenatide in clinical
practice disclosed a significant reduction in HBA1C (0.4 to
0.9 percent), blood glucose (10 mg / dl), weight ( 2 to 11 kg)
and blood pressure ( 2 to 11 mmHg). The use of exenatide
led to a decrease in the concomitant dosage of anti-
diabetes medicines in SU by up to 75 percent, 22 percent in
metformin, and 66 percent in TZDs>*®
indicated that
significantly reduced levels of hospitalization and mortality

. The study also
exenatide use was associated with
associated with all cause and cardiovascular (Best et al.,
2012).

GLP Combined with Insulin

Insulin therapy is well known to be the ultimate connection
between an exhausted beta cell and plasma glucose in most
patients. Most trials using GLP1RA in patients with current
insulin therapy have performed so on the basis that clinical
improvement could be seen due to weight loss (enhanced
resistance to insulin) and possibly because of an insulin
sparing effect (improved health / insulin secretion of beta
cells) (Eng et al., 2014). Several small studies have shown
clear benefits in terms of improvements in HBA1C, weight
(3-5 kg) and reduction of the total dose of insulin in
patients with T2DM by as much as 30 to 50 percent (Marre
et al., 2009). "The British Clinical Diabetologists Association"
researched 4874 patients using exenatide as part of a
domestic UK audit, of which 1921 patients (39.6 percent)
used exenatide. Adding exenatide to current insulin therapy
led in a 0.51+0.06 percent decrease in mean HBA1C; 5.8 +
0.2kg decreases in weight; and a complete decrease in
insulin dose of 44+4 units per day. 17.1 percent cessation of
insulin treatment, 23.1 percent discontinuation of SU
treatment, and 54.3 percent discontinuation of TZD

treatment. 34.2 percent Insulin continuing patients
accomplished a decrease of HBA1C>=1 percent. The same
population, however, had a greater level of discontinuation
of exenatide (31.0 vs. 13.9 percent) hypoglycaemia (8.9 vs.

6.1 percent), gastrointestinal side effects (28.4 vs. 25.0

percent), and treatment dissatisfaction (20.8 vs. 5.7
percent) (Thong et al., 2011).

Most trials using GLP1RA have chosen patients with
elevated Body Mass Index (BMI) and important weight loss
has also been proved. Therefore, the issue remains whether
the advantages of reducing HBA1C are due to weight loss
(improvement in insulin resistance) or enhancement in the
mass / health of beta cells or both. A study using Liraglutide
in patients with type 1 diabetes mellitus (TIDM) cannot
answer this question better. Although the number of
individuals studied was only 14, a decrease in mean fasting
glucose (130 +/ 10 to 110 +/ 8mg/dl) and mean daily glucose
(137.5 +/ 20 to 115 +/ 12mg/dl) was shown for the first time
in just 1 week. Basal demands for insulin reduced from
24.5+/ 6 to 16.5 +/ 6 units and 22.5+/ 4 to 15.5 +/ 4 units for
bolus insulin. Both HBA1C and body weight decreased
significantly respectively from 6.5 percent to 6.1 percent
and 4.5 +/ 1.5kg. Treatment with Liraglutide provided an
additional strategy to improve glycaemic control in TIDM
LEAD meta-analysis (improvements in HOMA beta results
and  pro-insulin/insulin  ratios)  obviously = showed
improvements in beta cell health (Thong et al., 2011).

Non glycaemic benefits

The brain and cardiac tissue express the same GLP 1R as the
pancreatic tissue. However, in the liver, GLP 1R stimulation
creates anabolic impact rather than neoglucogenesis and
glycogenolysis as it would be anticipated to be stimulated
by glucagon, implying that GLP 1R on hepatocyte will be
different from an unknown locus gene encoding, a second
GLP 1R or an alternative spliced receptor associated to the
glucagon related peptide receptor superfamily (Cuthbertson
et al, 2012).

GLP1RA

contractility, hypertension(natriuretic/diuretic), endotheliu

showed beneficial effects on myocardial

m (anti atherosclerotic), and lipid profile. An absolute gain

in the parameters of lipids (enhancement of HDL,

cholesterol, rapid triglycerides). GLP1RA play a role in

protecting neurons, leading to

66-75

improved cognition,

memory, and spatial learning™ "". It modifies eating conduct
by satiety, decreasing power consumption by around 12
percent via key peripheral nervous system communication
(vagus), GLP 1 augmentation causes gastric slowing,
inducing a post prandial satiety (Gupta, 2012).

Dose dependent and progressive weight loss caused by
GLP1RA. Liraglutide has shown to cause a mean weight loss
of estimated 6.0kg with >35 percent of topics attaining
more or equal 10 percent weight decrease. Similarly, long
(exenatide LAR) has
improvement in body weight with an average weight

decrease of 5.8 lbs (Taylor et al., 2011).

acting exenatide shown an
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By restoring insulin signaling and reducing hepatic
gluconeogenesis, GLP 1 has shown a decrease in insulin
sensitivity. Increased insulin secretion creates enhanced
muscle and adipocyte glucose uptake and decreased liver

7080 By encouraging loss of weight the

glucose outpouring
peripheral insulin mediated glucose uptake has also been
shown to be enhanced. Locally at the stage of beta cell and
fat cell (decreased release of free fatty acids) and
systemically (down gradation of inflammation markers) it

has shown to decrease insulin resistance (Lee et al., 2007).

Drug-Drug Interactions with GLP1RA

Exenatide

The potential for interaction between exenatide and
acetaminophen was evaluated in a randomized, single blind,
placebo controlled, exenatide resulted in decreased
acetaminophen (Blase et al., 2005).The effect of exenatide
on steady state digoxin pharmacokinetics was determined
in an open label fixed sequence study, Exenatide did not
affect the steady state area under the curve (AUC) of
digoxin but decreased the maximum concentration in blood
(C max), increased the median time to reach C max (t max)

of digoxin from 1.5 to 4 hours®*®

. The results suggest that
exenatide does not affect the overall absorption of digoxin,
which has a narrow therapeutic index (Kothare et al., 2005).
The potential for an interaction between exenatide and
lovastatin was studied in an open label, fixed sequence,
crossover study; Twenty two healthy subjects received
lovastatin. The AUC and C max ratios of lovastatin were
decreased with concurrent exenatide, Exenatide prolonged
the median t max of lovastatin from 2 to 6 hours (Kothare
et al., 2007).
Liraglutide

The potential for interaction between steady state
Liraglutide and single dose of Oral Contraceptive Pills (OCP)
(ethinyl estradiol / levonorgestrel) was assessed, Liraglutide
decreased the C max of ethinyl estradiol by 12 percent and
levonorgestrel by 13 percent Relative to placebo, liraglutide
increased the t max of both ethinyl estradiol and
levonorgestrel by 1.5 hours (Jacobsen et al., 2011).

One relevant publication was found evaluating the
pharmacokinetics of single dose acetaminophen 1000 mg
when administered with or without steady state liraglutide.
Increased the t max by 15 minutes, and decreased the C
max. The overall exposure of acetaminophen was
comparable for subjects taking liraglutide or placebo, and
the clinical impact of the lower C max and delay in
absorption of acetaminophen is likely without clinical
relevance (Kapitza et al., 2011).

One study evaluated the pharmacokinetics of 4 drugs when

administered with or without steady state liraglutide 1.8

mg. 21 Healthy subjects were randomized to 1 of 2
double blind, placebo
controlled, crossover study. Single doses of atorvastatin 40

treatment sequences in this
mg, placebo and lisinopril 20 mg, received single doses of
digoxin 1 mg and griseofulvin 500 mg (Malm-Erjefélt et al.,
2015).
Liraglutide decreased the AUC of lisinopril by 15 percent
and digoxin by 16 Relative to placebo, liraglutide increased
the t max of atorvastatin, lisinopril, and digoxin by 1.25, 2,
and 1.12 hours. The C max of atorvastatin, lisinopril, and
digoxin was decreased subsequent to liraglutide
administration, it was increased for griseofulvin (Malm-
Erjefdlt et al., 2015).
Albiglutide
The effect of albiglutide on warfarin and digoxin was
evaluated in an open label study. Albiglutide increased the t
max of R and S warfarin and digoxin from 1 to 1.5 hours.
The C max ratio of R and S warfarin was not altered
Subsequent to albiglutide administration; however, it was
increased for digoxin, These data suggest that potential
gastric emptying effects of albiglutide did not significantly
affect the absorption profile of warfarin or digoxin (Hurren
and Pinelli, 2012).
Aim of the Study
Evaluating the risk of thyroid and pancreatic cancer
associated with GLP 1 R agonists (GLP 1RAs), by carrying out
a meta-analysis based on collecting information about
cancers associated with GLP 1RAs in patients with type 2
diabetes mellitus (T2DM).
Significance of the study

e Using GLP1 drugs was reported to induce a number

of risks as thyroid cancer and pancreatitis.
e These reports lack any safety data about the drug.
* In the recent years, there is an increase in the use

of GLP1 RA in Saudi Arabia

Questions
Would GLP1 RA treatment for long term use increase the
risks of different types of cancer?

Literature review

Experimental Evidence Review

The FDA reported the rise in the incidence of carcinomas in
rodents translated into low human risk, as statistically
significant increase occurred only at levels of drug exposure
several times those predicted in humans, and the rise in
cancers did not affect overall survival rates. Nonetheless,
extrapolating results from animal studies to humans is still
difficult (Bjerre Knudsen et al., 2010).

Evidence from rodent studies showed that liraglutide was
associated with increased risk of thyroid C cell focal
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hyperplasia and C cell tumors. C cell hyperplasia is thought
to be a preneoplastic lesion contributing to medullary
thyroid cancer (MTC) in rodents (McConnell et al., 1986),
also Rodent studies have documented early increases in
calcitonin (CT) plasma in relation to both liraglutide and
exenatide dosage. Several studies using rat thyroid C cell
lines and thyroid tissues have shown that activation of the
GLP 1 receptor results in CT secretion, which is reduced by
the antagonist of the GLP 1 receptor (Crespel et al., 1996,
Lamari et al.,, 1996). The harmful effect of GLP 1 receptor
agonists in rodents, but not primates, suggests that the
proliferative effects of C cells may be specific to rodents
(Rosol, 2013).

The occurrence of thyroid C cell tumors in animals was
higher due to GLP 1 analogues in mice and rats studies.
Liraglutide, exenatide, taspoglutide, and lixisenatide
stimulate potent GLP 1 receptors in thyroid C cells,
increasing the expression of the CT gene and inducing the
dose dependent release of CT (Bjerre Knudsen et al., 2010).
After lifelong exposure in supra therapy doses, liraglutide
and exenatide are correlated with the growth of thyroid C
cell tumors in rodents. Significant increases in C cell
hyperplasia plasma CT and incidence are associated with
prolonged exposure to liraglutide or exenatide. The GLP 1Ra
s they were not seen in GLP 1R knockout mice mediated
these effects. Such issues are based primarily on studies of
rodents (Bjerre Knudsen et al., 2010, Madsen et al., 2012).
Long term liraglutide therapy in mice resulted in a gradual,
dose dependent rise in CT plasma, often accompanied by
excessive proliferation of C cells, C cell hyperplasia and MTC
in rats, particularly during the first months of
administration, a CT releasing effect of liraglutide was also
identified. A statistically significant increase in the incidence
of MTC was observed in rats at all doses once a week with
exenatide. The effects of GLP 1R agonists were not found to
be mediated by phosphorylation of the MAP Kinase
pathway and by activating RET proto oncogene mutations,
at least on rodent C cells (Madsen et al., 2012).

Another study reported the occurrence of MTC caused by
liraglutide did not affect the overall rate of survival among
rats or mice. GLP 1 therapy was shown to contribute to C
cell hyperplasia in rats, 0.075 mg / kg / day and 1.0 mg / kg /
day were shown to cause a significant increase in C cell
tumor development in rats and mice. The dosage in rats
(0.075 mg / kg / day) which was equal to the recommended
dose in humans for the treatment of type 2 diabetes. On the
other hand, C cell tumors developed in mice with a daily
dose of liraglutide 10 times higher than the equivalent
human dose. Dose dependent C cell hyperplasia and
neoplasia developed only at doses that also caused

increased CT levels (Bjerre Knudsen et al., 2010).

The rates of C cell and CT increase significantly with age in
rodents, and spontaneous proliferative lesions of C cells are
frequently observed. Specific receptor mediated mechanism
that is particularly sensitive to rodents, whereas non-human
primates and human beings are not sensitive (O’toole et al.,
1985, Kurosawa et al., 1988, Bjerre Knudsen et al., 2010).
The GLP 1 receptor dependent effects of C cell hyperplasia
and CT release associated with GLP 1 agonists in wild type
mice were not observed in GLP 1 receptor knockout mice
was reported (Madsen et al., 2012).

C cell hyperplasia was caused by liraglutide binding to the
GLP 1 receptor on murine thyroid C cells (Madsen et al.,
2012). However, prolonged administration of liraglutide at
very high doses did not produce C cell proliferation in
monkeys (Bjerre Knudsen et al., 2010). In these species, Ct
functions in relation to feeding as an acute regulator of
plasma calcium levels (Wang et al., 2002). After long term
liraglutide administration, neoplasms were not observed in
monkeys, indicating that GLP 1 induced C cell proliferation
in rodents but not in primates and suggesting that potential
species specific differences in GLP 1R expression and
activation may occur in the thyroid (Bjerre Knudsen et al.,
2010).

Finally, another study in monkeys also showed that
dulaglutide was not associated with increases in serum CT
or changes in thyroid weight, histology, C cell proliferation
or absolute / relative volume of C cells at 500 fold maximum
human plasma exposure for 52 weeks (Vahle et al., 2015).
Human Clinical Trials review

Contrary to previous findings, their relevance to human
effects of GLP 1 therapy is uncertain, levels of GLP 1R in the
thyroid gland have been reported to be significantly lower
in humans than in rats. The GLP 1R TT cells are not active,
while the C cell rat thyroid line expresses a biologically
functional GLP 1R that could be activated by various GLP 1R
agonists (Bjerre Knudsen et al., 2010).

Heged et al. reported no significant risk of activation or
development of C cell cancer in response to liraglutide over
a 2 year period in a series of clinical trials with either
diabetes or non-diabetic obesity. Nonetheless, in thyroid
glands of 20, 91, and 100 percent of patients with papillary
carcinoma, MTC, and C Cell hyperplasia, GLP 1R activation
could also be observed, respectively. Analysis of liraglutide
studies did not reveal any significant change in treatment
groups with respect to CT levels or the proportion of
participants with CT levels above 20 pg / ml (Hegedus et al.,
2011, Gier et al., 2012, Bjerre Knudsen et al., 2010).

No difference was reported in the approximate mean
geometric CT levels between liraglutide 1.8 mg once daily
and exenatide 10 pg twice daily in the diabetes study (Buse
et al., 2009). Additionally, there has been no substantial
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change in the concentration of CT over time, no significant
difference in the concentration of CT between liraglutide
and placebo, and no randomization of C cell malignancies in
the liraglutide side (Crespel et al., 1996).

During treatment with GLP 1 receptor agonists in patients
with type 2 diabetes, some prospective clinical studies
found no rise in levels of CT (Bjerre Knudsen et al., 2010,
Hegediis et al., 2011).

A meta-analysis showed that liraglutide was not significantly
associated with an increased risk of thyroid cancer, and no
thyroid malignancies were reported with exenatide. None of
the studies evaluating exenatide reported cases of thyroid
cancer, whereas five of the studies evaluating liraglutide
did. In total, thyroid cancer has been diagnosed in nine
patients treated with liraglutide. These findings do not
indicate that GLP 1 receptor agonists cause MTC. Thanks to
the extremely low incidence of MTC (Alves et al., 2012).

GLP 1 receptors are present in 100 percent of cases in rats
with C cell hyperplasia and MTC, compared to 27 percent of
human MTC (Waser et al.,, 2011). In randomized clinical
trials, there was a rise in CT levels in a slightly higher
percentage of liraglutide treated patients than in control
patients. Furthermore, results from a long term analysis did
not reveal any significant difference in mean CT levels
between Liraglutide and control groups over 2 years of
follow up (Parks and Rosebraugh, 2010).

A FDA Adverse Event Reporting System (FAERS) study
showed a significant rise in cases of thyroid cancer with
exenatide. Concerns about a possible link between GLP 1
receptor agonists and MTC were also expressed. The
occurrence of thyroid cancer in exenatide treated patients
was higher (30 events) than the control panel (3 events).
Nevertheless, this research did not distinguish between
forms of thyroid cancer, and its analysis is complicated by
the inherent limitations of retrospective databases. The
occurrence of MTC has increased significantly, but this does
not seem to be true (Elashoff et al., 2011).

Several other human tumors have been shown to express
GLP 1 receptors in addition to MTC (Korner et al., 2007).
Monitoring review

The occurrence of MTC in the United States is around 600
cases per year, making it impossible to perform a clinical
trial to identify an increased risk of Liraglutide related
cancer of this type. Continued Ct secretion caused by GLP
1R agonists was accompanied by a compensatory increase
in Ct biosynthesis, as demonstrated by a rise in Ct mRNA
before CCH started (Bjerre Knudsen et al., 2010).

CT, a hormone secreted by thyroid C cells, is considered to
be an important clinical biomarker for C cell diseases such
as MTC and hereditary C cell hyperplasia due to its high
sensitivity and specificity; CT levels have been tested

regularly in clinical trials and could be a useful indicator.
Serum CT levels below 10 pg per millilitre are considered
evidence of MTC absence, while levels above 100 pg per
milliliter are highly predictive of MTC. Standard CT screening
was recommended as a standard and cost effective
treatment for the identification of medically occult MTC in
patients undergoing evaluation for thyroid nodules (Elisei,
2008, Elisei et al., 2004) (Costante et al., 2006, Machens et
al., 2009).

Only C cells, which comprise a small fraction of the thyroid
mass (0.1 percent), contain Ct, a 32 amino acid peptide
hormone whose production in fish and rodents is closely
associated with calcium homeostasis, in which it tends to
suppress osteoclast mediated bone resorption (Hoff et al.,
2002).

Para thyroid hormone (PTH), the main hormone mobilizing
calcium, and CT are physiologically antagonists, the latter
acting as an emergency hormone secreted to protect
against hypercalcemia caused by feeding. Some
gastrointestinal peptides, such as cholecystokinin (CCK),
stimulate CT secretion, suggesting a connection between
the gastrointestinal tract and the thyroid C cells. (Persson et
al., 1988) In addition, while CT plays an important role in
some species, there has been no significant physiological
involvement in humans (Hirsch and Baruch, 2003).

Whereas in virtually all MTC patients, either basal or
stimulated plasma CT levels are elevated. It is useful for
screening people at risk, such as patients genetically
predisposed to MTC (Wu et al,, 2011).
The serum CT increase reported in non

thyroid patients and patients with benign thyroid disorders |
imits the clinical usefulness of CT dosing (d'Herbomez et al.,

2007).

Preoperative CT rates are strongly associated with tumor vol
ume, and the plasma CT concentration will typically reach 1
000 pg / mlin the presence of a detectable MTC (Raue and
Frank-Raue, 2010).

Methodology

Design of study

Systematic review which is a type of literature reviews that
collects and critically analyses multiple research studies
using methods that are selected. Before one or more
research questions are formulated and then finding and
analyzing studies that relate to and answer those questions
in a structured methodology.

The Five Steps to Conduct a Systematic Review (Khan et al.,
2003).

Step 1

Framing questions for a review
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The problem to be addressed by the review will be specified
in the form of clear structured questions before beginning
the review work. In this study our question was about the
relationship between GLP 1RAs and thyroid cancer.

Step 2

Identifying relevant works

Studies from multiple resources will be searched with
selection criteria that flow directly from the review
questions. Reasons for inclusion and exclusion will be
recorded. | use key words GLP 1 receptor agonists, thyroid
Cancer, Meta-analysis, T2DM. The studies were in English
only.

Step 3

Assessing the quality of studies

Selected studies will be subjected to a more refined quality
assessment by using general critical appraisal guidelines and
design based quality checklists.

Step 4

Summarizing the evidence

The study characteristics, quality and effects as well as the
methods will be tabulated to explore the differences
between studies and combine their effects (meta-analysis).
Step 5

Interpreting the findings

Any recommendations will be graded by reference to the
strengths and weaknesses of the evidence

Registration

The research was registered with the REU with registration
number (FPGRP/2019/446)

Data collection

The inclusion and exclusion of the articles and research
followed the prisma techniques and flow chart.

In this research we used open Meta analytic program. The
program is recommended by all academics for their
students as well and | found a recommendation from my
supervisor, the program helps the researcher (systemic
review) to collect all data related to the study. (Authors,
year of publication, gender of patients, number of patients).

During the study, all studies were added until they were
analyzed accurately as seen in figure 1.The information
recorded during the research period was as follows:

e Authors name.

e  Type of study.

e  Year of Publication.

e Number of patients in the study.

e  The number of patients with high level of CT.

Results and Discussion

Evaluating the risk of Thyroid cancer associated with GLP 1
R agonists (GLP 1RAs)

A total of 58 studies were found using the keywords GLP 1
receptor agonists, thyroid Cancer, Meta-analysis, T2DM, on
the PubMed database. After removal of duplicates, a total
of 54 records were found to match the keyword search. 30
studies were excluded as it was clear from the abstract that
they did not meet the Patient Intervention comparator and
outcome criteria of the study. Of The 24 articles whose full
text were assessed, 11 studies were included in the final
qualitative synthesis. All these articles were found to be
statistically capable of inclusion in the meta-analysis, figure
2.

Summary of Studies Reviewed (Table 1)

In a cohort study created by Giuseppe Costante et al (2006)
in Italy, 5817 patients taken GLP1RA medication included in
this study, 66 patients (1.13 percent) showed increase in CT
level (Costante et al., 2006). In FDA database review created
by Mary Parks et al (2010) in USA, 1079 patients taken
GLP1RA medication included in this study, no patients
showed increase in CT level (Parks and Rosebraugh, 2010).
A cohort study created by Laszlo Hegedu™ s et al (2011) in
Denmark, were 5000 patients taken GLP1RA medication
were included in this study, no patients showed increase in
CT level (Hegedus et al., 2011). In FDA database review
created by MICHAEL ELASHOFF et al (2011) in USA, 1433
patients taken GLP1RA medication included in this study, 30
patients (2.1 percent) showed increase in CT level (Elashoff
etal, 2011).

In a review of clinical trials and observational human studies
created in Taiwan, 5000 patients taken GLP1RA medication
included in this study and no patients showed increase in CT
level (Chiu et al., 2012). In another cohort study created by
David D. Dore et al (2012) in UK, 32,800 patients who have
taken GLP1RA medication included in this study and no
patients showed increase in CT level (Dore et al., 2012).
Furthermore, in a cohort study by Maria Elena Lunati et al
(2016) in italy, 20 patients who took GLP1RA medication
included in this study and again no patients showed
increase in CT level (Lunati et al., 2016).

In a randomized, double blind controlled trial in Germany,
4,668 patients who took GLP1RA medication were included
in this study and 470 patients (10.06 percent) patients
showed increase in CT level (Nauck et al., 2018). In another
randomized trial in Denmark, 9,340 patients who have
taken GLP1RA medication were included in the study and
again no patients showed increase in CT level (Hegedis et
al., 2018). Finally, in a randomized trial in UK, 12,831
patients who took GLP1RA medication were included in this
study, 30 patients (0.023 percent) patients showed increase
in CT level (Bethel et al., 2019). All the included studies and
the information extracted are listed in Table 1.
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Complications reported to be associated with increased
level of CT

In addition to increasing level of CT hormone these studies
also reported a number of specific complications which
when grouped showed that the incidence of thyroid cancer
was 22 Patients (Giuseppe Costante et al, 2007), 30 patients
(MICHAEL ELASHOFF et al, 2011), 37 patients (David D. Dore
et al, 2012), 470 patients (Michael A. Nauck et al, 2017) and
2 patients (Laszlo Hegedus et al, 2018) with a total of 561
patients’ incidence of thyroid cancer.

Table 2 and 3 is the calculation of the mean probability of
increase of CT level as risk of thyroid cancer using a binary
random effect model was 0.004 (0.4 percent) with CI
between 0.003— 0.005. However, there is no heterogeneity
(p<0.001). This confirms the significant variation in the
studies as shown the forest plot (Figure 3).

The boxes show the effect estimates from the single
studies, size of boxes show the strong of study, while the
diamond showsthe pooled result. The horizontal lines
through the boxes illustrate the length of the confidence
interval. The longer lines and wider confidence interval is
the less reliable study results. The vertical line is the line of
no effect (i.e. the position at which there is no clear
difference between the intervention group and the control
group). The outcome of interest level of CT, the results to
the left of the vertical line favor the increase level of CT °*
100

The diamond at the bottom of the forest plot shows the
result when all the individual studies are combined together
and averaged. The horizontal points of the diamond are the
limits of the 95 percent confidence intervals and are subject
to the same interpretation as any of the other individual
studies on the plot.

To combine it all, our systemic review of the studies chosen
shows the following,

e There is a low probability to increase level of CT
during the use of the treatment.

e Studies included showed small confidence interval,
this indicates that the studies have a reliable result.

e 4 studies showing correlation between treatment and
level of CT and therefore risk of thyroid cancer one of
these studies showing strong correlation.

e 5 studies showing no correlation between treatment
and level of CT.

e 2 studies showed no association between treatment
and level of CT.

e From the diamond there is heterogeneity, all the
effect estimates of studies near to the line of no
effect and that mean there is no association between
treatment and CT level (p<0.001).

Evaluating the risk of pancreatitis associated with GLP 1 R
agonists (GLP 1RAs)

A total of 349 studies were found. After removal of
duplicates, a total of 316 records were found to match the
keyword search. 288 studies were excluded as it was clear
from the abstract that they did not meet the Patient
Intervention Comparator and Outcome criteria of the study.
Of The 28 articles whose full text was assessed, 11 studies
were included in the final qualitative synthesis. All these
articles were found to be statistically capable of inclusion in
the meta-analysis, as seen in the prisma flow chart in figure
4.

Summary of Studies Reviewed (Table, 4)

In a case report by paul set al (2006) in USA, 1 patient who
GLP1RA medication
(Denker and Dimarco, 2006). In another case report by NR

have taken showed pancreatitis
tripathy et al (2008) in India, 1 patient who also took
GLP1RA medication, also showed pancreatitis (Tripathy et
al., 2008).

In FDA data review by Michael Elashoff et al (2011) in USA,
1433 patients who took GLP1RA medication,971 patients
(67.75 percent) showed pancreatitis (Elashoff et al., 2011).
In meta-analysis by Carlos alves et al (2012) in Portugal,
63488 patients taking GLP1RA medication, 85 patients (0.13
percent) showed pancreatitis (Alves et al., 2012).

In a retrospective cohort study in USA, 268561 patients
taking GLP1RA medication were included in this study, 6982
patients (2.6 percent) showed pancreatitis (Romley et al.,
2012). In a follow up study by m.wenten et al (2012) in USA,
24237 patients taking GLP1RA medication were included in
this study, 46 patients (0.18 percent) showed pancreatitis
(Wenten et al., 2012).

A prospective cohort study by D funch et al (2014) in USA,
38080 treatment patients were included in this study, 71
patients (0.18 percent) showed pancreatitis (Funch et al.,
2014). Another cohort study done in at multi centers,
2024441 patients taking GLP1RA medication were included
1221 patients (0.06 percent) showed
pancreatitis (Azoulay et al., 2016).

in this study,

In a meta-analysis done by han chen (2016) in china, 24462
treatment patients were included in this study, 318 patients
(1.29 percent) showed pancreatitis (Chen et al., 2016). In
another meta-analysis in ltaly, 14866 treatment patients
were included in this study, 71 patients (0.47 percent)
showed pancreatitis (Monami et al., 2017).

A retrospective cohort study by Mathieu boniol et al (2018)
in france, 33292 patients taking GLP1RA medication were
included in the study, 85 patients (0.25 percent) showed
pancreatitis (Boniol et al., 2018). All the included studies
and the information extracted are listed in Table 4.
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Table 5 and 6 show the calculated mean probability of
increase of CT level as risk of pancreatitis using a binary
random effect model was 0.027 (2.7 percent) with Cl
0.022—- 0.032.
heterogeneity (p<0.001). This confirm the significant

between However, there is a no
variation in the studies as shown the forest plot (Figure 5).
To explain it all, our systemic review of the studies chosen
proves the following,

e There is a low probability to increase level of
pancreatitis during use treatment.

e Studies included showed small confidence interval,
this indicates that the studies have a reliable result.

e 2 studies showing strong correlation between
treatment and pancreatitis.

e 7 studies showing no correlation between treatment
and pancreatitis.

e 2 studies showed no association between treatment
and pancreatitis.

e From the diamond there is no heterogeneity, all the
effect estimates of studies near to the line of no
effect and that mean there is no association between
treatment and pancreatitis (p<0.001).

Strengths and Limitations of this study

Strength

1. This meta-analysis for testing all forms of therapies
based on GLP1 RAs.

2. Specific types of FDA and EMA approved GLP 1
receptors have been included.

Limitations

1. Among all qualifying research, there are different
diagnostic criteria for thyroid cancer, only one was used
and analyzed.

Conclusion

This meta-analysis provides convincing evidence against the
presumption that the therapeutic class of GLP1 RAs
increases the risk of thyroid cancer and pancreatitis.
Subgroup analysis also suggests potential beneficial effects
requiring direct testing in the future.

Given the carcinogenic potential as seen in one strong study
that explains the risk of thyroid cancer and another two
strong studies explain the risk of pancreatitis, there is an
urgent need for more large scale RCTs with long term
thyroid safety monitoring while administering this group of
medications.
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Figure 3: Overall meta-analysis of studies showing binary probability of increase CT level.
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Table 1: the list of studies involved in the meta-analysis of the association between GLIP1 receptors and thyroid cancer
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Study author country time  typeof study Total number of patient  The number of CT level
»20pe

Giuseppe Costante etal iraly 2007 Cohort methodology 5817 &6

Mary Parks etal USA 2010 FDA database Review 1079 0

Laszlo Hegedu s etal Denmark 2011  Cohort methodology 5000 0

IMICHAEL ELASHOFF etal USA 2011  FDA database review 1433 30

Wei-Yih Chiuetal taiwan 2012 Review clinicaltrials and cbservational human 5000 ]
studies

David D. Dore etal UK 2012  cohort methedolegy 32,800 0

IMaria Elena Lunatj et al italy 2016  Cohort methodology 20 0

Michael A Maucketal EErmany. 2017  LEADER review randemized, double-blind: 4 668 470
controlled trial

5.1. Shermanetal USA 2017 case study 1 o

Laszlo Hegedus et al denmark. 2018 LEADER review randomized trials 9,340 0

M. Angelyn Bethel etal UK 201%  Randomizedtrials 12,831 30

Table 1 Binary Random Effect Model for thyroid cancer (Dersimonian laird).

Estimate Lower Upper SD Error | P Value
Bound Bound
0.004 0.003 0.005 0.001 <0.001
Table 2: Heterogeneity of the thyroid cancer samples
tau’ Q(df=13) Heterogeneity &
p Value
0.000 651.855 <0.001 98 percent

Table 4: the list of studies involved in the meta-analysis of the association between GLIP1 receptors and pancreatitis

Study author country time Type of study Total number of The number of
patient outcome

PAUL S USA 2006  Case study 1 1

NR Tripathy india 2008  Case study 1 1

MICHAEL ELASHOFF USA 2011  FDA data review 1433 971

Carlos Alves Portugal 2012  Meta analyses 63488 85

John A. Romley USA 2012  retrospective 268,561 6982
cohort analysis

M. Wenten USA 2012  follow-up study 24 237 46

D. Funch USA 2014  Prospective 38080 71
cohort analysis

Laurent Azoulay multicenter 2016  cohortstudy 2024 441 1221

Han Chen china 2016  Meta-analysis 24,462 318

Matteo Monami italy 2017  Meta-analysis 14,866 71

Mathieu Boniol france 2018  Retrospective 33,292 85

Cohort Studies

Table 3 : Binary Random Effect Model for pancreatitis (Dersimonian laird)

Estimate Lower Upper SD Error | P Value
Bound Bound
0.027 0.022 0.032 0.002 <0.001
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Table 4 : Heterogeneity of the pancreatitis sample

tau® Q(df=13) Heterogeneity I?
p Value
0.000 10486.468 <0.001 100
percent
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