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Personalizing Diabetes Management in
Liver Transplant Recipients: The New Era
for Optimizing Risk Management

Brooks Richardson,! Mohammad Qasim Khan

, Sara A Brown,® Kymberly D Watt '/ ** and Manhal Izzy = **

Post-transplant diabetes mellitus (PTDM) is a significant contributor to morbidity and mortality in liver transplant
recipients (LTRs). With concurrent comorbidities and use of various immunosuppression medications, identifying a
safe and personalized regimen for management of PTDM is needed. There are many comorbidities associated with
the post-transplant course including chronic kidney disease, cardiovascular disease, allograft steatosis, obesity, and de
novo malignancy. Emerging data suggest that available diabetes medications may carry beneficial or, in some cases,
harmful effects in the setting of these co-existing conditions. Sodium-glucose co-transporter 2 inhibitors and glucagon-
like peptide 1 receptor agonists have shown the most promising beneficial results. Although there is a deficiency of
LTR-specific data, they appear to be generally safe. Effects of other medications are varied. Metformin may reduce
the risk of malignancy. Pioglitazone may be harmful in patients combatting obesity or heart failure. Insulin may ex-
acerbate obesity and increase the risk of developing malignancy. This review thoroughly discusses the roles of these
extra-glycemic effects and safety considerations in LTRs. Through weighing the risks and benefits, we conclude that
alternatives to insulin should be strongly considered, when feasible, for personalized long-term management based on

risk factors and co-morbidities. (Hepatology Communications 2022;6:1250-1261).

iver transplant recipients (LTRs) are at an

increased risk for developing significant

comorbidities including diabetes mellitus, obe-
sity, cardiovascular disease (CVD), renal impairment,
and de novo malignancy.(l) Although diabetes mellitus
carries a significant burden in the general population,
it poses unique challenges within ITRs. The inci-
dence of post-transplant diabetes mellitus (PTDM) at
1 year ranges from 10.8% to 33%, with an annual inci-
dence of 3.3%-30.8%.% Many risk factors predispose
patients to PTDM® (Table 1). PTDM is associated
with CVD, hepatic steatosis, chronic kidney disease

(CKD), obesity, malignancy, graft rejection, infection,
hepatic artery thrombosis, and, above all, decreased
patient survival.®”

Although insulin is universally used for the treat-
ment of PTDM in the short term, diabetes medication
selection for long-term glycemic control should not
only adhere to the basis of safety and efficacy but also
seek to maximize the potential for secondary benefits
given the multitude of post-transplant complications.
The aims of this review are to identify the potential
extra-glycemic benefits and harms of the commonly
used diabetes medications in LTRs.

Abbreviations: AE, adverse effect; ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; CHE congestive heart failure; CKD,
chronic kidney disease; CNI, calcineurin inhibitor; CVD, cardiovascular disease; DPP-4i, dipeptidyl peptidase 4 inhibitor; GLPI-RA, glucagon-like
peptide 1 receptor agonist; LT, liver transplant; LTR, liver transplant recipient; mTORi, mammalian target of rapamycin inhibitor; NAFLD, non-
alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; PPAR-y, peroxisome proliferator-activated receptor gamma; PTDM, post-transplant
diabetes mellitus; RCT, randomized control; SGLT2i, sodium-glucose co-transporter-2 inhibitor; SU, sulfonylurea; TZD, thiazolidinedione; T2DM,

type 2 diabetes mellitus.
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TABLE 1. POST-TRANSPLANT DIABETES MELLITUS RISK FACTORS AND ASSOCIATIONS

Risk Factors for DM Outcomes Associated With DM
Modifiable Nonmodifiable Liver-related Non-liver-related
Obesity Graft rejection Increased mortality

Calcineurin inhibitors
Corticosteroids
Hypomagnesemia
HCV infection

CMV infection

Donor history of DM

Recipient history of cirrhosis
Advanced donor or recipient age
African-American race

Family history of DM

Hepatic artery thrombosis
NAFLD

Chronic Kidney Disease
Obesity

Infection
Cardiovascular events

Abbreviations: CMYV, cytomegalovirus; DM, diabetes mellitus; HCV, hepatitis C virus; NAFLD, Non-alcoholic fatty liver disease.

Non-insulin Therapies

While insulin is routinely used in the immediate
post-liver transplant (LT') course, the optimal tim-
ing of transitioning to alternative therapies is unclear.
Some experts suggest that the transition to non-insulin
therapies is safe in the weeks following transplant
when steroid-based treatments are reduced and total
daily insulin requirements fall to modest values (below
20 units/day).®) Each drug class carries a unique
mechanism with varied adverse effects and use recom-
mendations in renal or hepatic impairment (Table 2).

BIGUANIDES

Metformin is the first-line oral medication for most
patients with type 2 diabetes (T2DM). Administration
results in decreased hepatic gluconeogenesis, increased
insulin sensitivity, and decreased intestinal glucose
absorption.(g) Common adverse effects (AEs) include
gastrointestinal intolerance, B12 deficiency, and head-
ache.1” Use is traditionally not recommended in
patients with advanced renal or hepatic impairment due
to the risk of lactic acidosis."? However, more recent
data suggest that use may be safe in patients with stage

ARTICLE INFORMATION:

III CKD." There are no documented interactions
between metformin and calcineurin inhibitors (CNIs),
anti-metabolites, or mammalian target of rapamycin
inhibitors (mTORi).® CNIs, however, are associated
with renal impairment, which may limit concurrent use.
Although rare, case reports of drug-induced cholestatic
hepatic injury have been documented."”’

SULFONYLUREAS

Sulfonylureas (SUs) increase the release of endog-
enous insulin through action on pancreatic beta-islet
cells.”) Common AEs include weight gain and hypo-
glycemia.’” Dosage adjustment is recommended in the
setting of kidney impairment due to decreased clear-
ance and increased risk of hypoglycemia.(n) There are
no recommendations for dose reductions in the setting
of hepatic impairment; however, prior investigations
regarding this are minimal. Use of SUs may be limited
in combination with CNIs due to the associated renal
impairment. In addition, one retrospective study found
steady-state serum concentrations of cyclosporine to
be elevated with co-administration of glyburide, sug-
gesting the need for monitoring." There are no doc-
umented interactions to limit safety in combination
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with anti-metabolites or mTORi."® Reports of drug-
induced cholestatic hepatic injury have been described,
primarily limited to the first-generation agents.(g)

GLUCAGON-LIKE PEPTIDE-1
RECEPTOR AGONISTS

Glucagon-like peptide-1 receptor agonists (GLP1-
RAs) promote the release of endogenous insulin through
activation of the GLP-1 receptor on pancreatic beta-
islet cells.!> Additional effects include delayed gas-
tric emptying and suppression of glucagon release.™”
Common AEs include gastrointestinal intolerance
and headache.' Possible associations include thyroid
malignancy and pancreatitis.(16’17) With the exceptions
of exenatide and lixisenatide, there are no dose adjust-
ment recommendations in kidney impairment. Hepatic
impairment may reduce serum concentrations of cer-
tain agents(ls); however, there are no recommendations
for dosage adjustments. There are no drug—drug inter-
actions among GLP1-RAs and CNIs, anti-metabolites,
or mTORiL." The side effect of delayed gastric emp-
tying, however, may result in delayed absorption of
CNIs and rnycophenolate(lg); thus, careful monitoring
may be required. There are no data to suggest GLP1-
RAs as an etiology of drug-induced liver injury.”’

DIPEPTIDYL PEPTIDASE-4
INHIBITORS

Dipeptidyl peptidase-4 inhibitors (DPP-4i) sup-
press the degradation of GLP1, thereby increasing
insulin secretion and suppressing the release of gluca-
gon.” The most common AE is headache.’” Similar
to GLP1-RAs, there are concerns regarding a possible
association with acute pancreati'cis.(16 Excluding lina-
gliptin, the DPP-4i are excreted by the kidneys and
generally require dosage adjustment in renal impair-
ment. ™ There are no dosage adjustment recommen-
dations in hepatic impairment; however, recommended
use is typically limited to patients with mild to mod-
erate impairment.?” Cyclosporine was shown to
increase the serum concentration of sitagliptin in a
small pharmacokinetic study.(zl) Furthermore, two
studies assessed co-administration of vildagliptin with
tacrolimus. One reported a decrease in tacrolimus lev-
els while the other did not.?**® The available data do
not raise safety concerns for concurrent use of DPP-4i

with CNIs, anti-metabolites, or mTORi. Although
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rare, there are case reports of drug-induced cholestatic
and mixed hepatic injury.(g)

SODIUM-GLUCOSE
COTRANSPORTER-2 INHIBITORS

Sodium-glucose cotransporter-2 inhibitors (SGLI2i)
decrease renal glucose reabsorption.”’ AEs include gen-
ital mycotic infections, urinary tract infections, polyuria,
dehydration,(lo) and euglycemic diabetic ketoacidosis.?¥
Use is not recommended with stage IV CKD due to
decreased efficacy." Patients with hepatic impairment
may have increased serum drug concentrations''®); how-
ever, there are no dose-adjustment recommendations.
One study demonstrated clinically insignificant elevation
of canagliflozin concentration with concurrent cyclospo-
rine use.?” There are otherwise no interactions between
SGLT2i and tacrolimus, anti-metabolites or mTOR:.®
Drug-induced liver injury is exceedingly rare.”

THIAZOLIDINEDIONES

Thiazolidinediones (TZDs) increase insulin sensi-
tivity through activation of peroxisome proliferator—
activated receptor gamma (PPAR-y).”) AEs include
weight gain, fluid retention, anemia, and possibly
increased risk for heart failure and bone fractures.1”
There are no recommendations for dosage adjustment
in renal impairment. Patients with hepatic impair-
ment may have decreased drug clearance and multiFle
guidelines recommend avoiding use in this setting. 20)
One case report involving a kidney-transplant recip-
ient suggested an interaction between rosiglitazone
and mycophenolate as the etiology of drug toxic-
ity.(%) There are otherwise no interactions with CNIs,
azathioprine, or mTORi.® The currently available

agents are an uncommon etiology of hepatic injury."’)

METIGLINIDE ANALOGUES

Metiglinide analogues augment glucose-stimulated
insulin secretion from pancreatic beta cells.”) AEs
include gastrointestinal intolerance, headache, dizzi-
ness, and hypoglycemia.(lo) They are partially excreted
in the urine, and thus require cautious titration with
renal impairment.'? Although use in hepatic impair-
ment has not been investigated, significant metabo-
lism occurs within the liver and accumulation may
conceptually occur. Cyclosporine may increase the
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NAFLD
DPP-4i

Obesity ‘-

Diabetic Kidney Disease

Potentially Beneficial
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Diabetic Kidney Disease®

Metformin, DPP-4i, Metiglinide
analogues, AGI

SU

Insulin

i TZD (CHF)
Obesity

Cardiovascular Disease

Potentially Harmful

FIG. 1. Venn diagram—the good and the bad of diabetes therapies: settings where certain medications may provide benefit or harm. *Listed
medications are not directly nephrotoxic but use may result in AEs in the setting of reduced glomerular filtration rate. Malignancy was
excluded from the Venn diagram due to mixed/inconclusive data. Abbreviations: AGI, alpha-glucosidase inhibitor; ASCVD, atherosclerotic
cardiovascular disease; CHF, congestive heart failure; DPP-4i dipeptidyl peptidase 4 inhibitor; GLP1-RA, glucagon-like peptide 1 receptor
agonist; NAFLD, non-alcoholic fatty liver disease; SGLT2, sodium-glucose co-transporter 2; SU, sulfonylurea; TZD, thiazolidinedione.

concentration of repaglinide, with mild episodes of
hypoglycemia documented but no identified need
for dose adjustment.’” There are no documented
interactions between metiglinide analogues and anti-
metabolites or mTORi."* Case reports have impli-
cated metiglinide analogues as the etiology of mixed
and cholestatic hepatitis.”

ALPHA-GLUCOSIDASE
INHIBITORS

These medications inhibit the intestinal brush
border enzyme alpha-glucosidase, which results in
decreased absorption of carbohydrates.(9) They are
uncommonly prescribed due to gastrointestinal intol-
erance including flatulence, abdominal bloating, and
diarrhea."”) They have minimal systemic absorption;
however, cautious use is recommended in patients
with stage IV CKD.™ There are no dosage adjust-
ments required in hepatic impairment. No significant
interactions with CNIs, mTORj, or anti-metabolites
have been documented.™ Acarbose has been impli-
cated in acute hepatocellular injury.”’

1254

Insulin

Insulin is commonly prescribed in the immediate post-
transplant period, as it can be titrated to achieve glycemic
control and does not interact with immunosuppressive
agents.(m Furthermore, intensive insulin therapy may
decrease the rate of graft rejection.m) Nevertheless, there
are challenges that come with administration. Insulin
degradation and clearance primarily occurs in the liver;
however, there is a lack of specific dosage-adjustment
guidelines in the setting of hepatic dysfunction.?”
Additionally, there are multiple adverse associations with
long-term use that are extensively reviewed below.

Extra-glycemic Reflections

in LTRs

The currently available therapies have emerging
data to support use for extra-glycemic indications.
Personalizing pharmacotherapeutic options in LTRs
should be considered to maximize secondary benefits
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and minimize potential harm (Fig. 1). Figure 1 pro-
vides a graphic representation demonstrating when
certain diabetes therapies may provide overlapping
effects in the setting of common comorbid conditions
observed in LT'Rs. These effects need to be considered
in conjunction with weighing the impact of various
immunosuppressants on these comorbidities.

WEIGHT MANAGEMENT

At 3 years following LI up to 40.8% of patients are
obese.®”) The impact of post-transplant weight gain yields
an increased risk of PTDM and metabolic syndrome
with associated complications: CVD, renal disease, and
allograft steatohepatitis.*® Thus, diabetes medications
that promote weight loss should be considered early in
the post-LI" course. These include biguanides, SGLT2i,
and GLP1-RAs.?? Conversely, SUs, TZDs, and insulin
often cause weight gain. DPP-4i are weight—neutral.(zg)

Trials evaluating the effects of metformin on weight
loss revealed 2.1% weight loss over the first 2 years
of therapy.®” A randomized control trial (RCT) fol-
lowing kidney transplant showed a trend toward less
weight gain in the metformin group.(m Metformin
promotes weight loss through modulation of hypo-
thalamic appetite—regulatory centers, peripheral fat
metabolism, and alteration of the gut microbiome.®?
Tissue-specific effects of metformin on adenosine-
monophosphate kinase play an important role in
appetite suppression, decreased lipogenesis, increased
lipid oxidation, and decreased ectopic lipid depots.®?

SGLT2i promote weight loss through renal excre-
tion of glucose with modest caloric elimination. An
RCT evaluating empagliflozin in kidney-transplant
recipients with PTDM revealed a median 2.5-kg
weight loss at 24 weeks.®

GLP1-RAs promote weight loss by slowing gas-
tric emptying and increasing satiety. A meta-analysis,
conducted in patients with T2DM, suggested signifi-
cantly greater weight loss with these agents relative to
controls.®? Furthermore, a recent RCT demonstrated
a mean 14.9% weight reduction in non-diabetic
patients treated with subcutaneous semaglutide com-
pared to 2.4% in those treated with placebo over
68 weeks.® One retrospective study evaluating solid
organ transplant recipients, including LTRs, demon-
strated a mean 4.86-kg weight loss over 12 months in
patients receiving GLP1-RAs.5%

Insulin and SUs cause weight gain through
decreased glycosuria and increased hypoglycemia with

RICHARDSON ET AL.

subsequent overtreatment.®”) Insulin additionally pro-
motes lipid synthesis and deposition and stimulates
central appetite centers.’”) In patients with T2DM,
the average weight %ain after 10 years of insulin ther-
apy is about 7 kg.®” SUs can result in weight gain of
1.6-2.6 kg within the first year of treatment.®’

TZDs cause weight gain through adipogene-
sis, mediated by stimulation of PPAR-y on adipo-
cytes, as well as improved glucose control, decreased
glycosuria, and flux in fluid balance.®” Within
1 year of therapy, patients may gain between 2.6
and 3.2 kg.®” However, stable weights have been
noted after 26 weeks of therapy in liver and kidney-
transplant recipients.

Although the focus of this section surrounds the
weight-loss benefits of diabetes medications, it is
noteworthy that there are emerging data highlight-
ing the potential benefits of post-LI" bariatric surgery
including improved glycemic control and weight loss.
A recent meta-analysis examining four studies demon-
strated a 27% absolute reduction in body mass index
(BMI) at 33.8 months following bariatric surgery in
LTRs.®® Furthermore, 41% of these patients experi-
enced resolution of T2DM.®® Given the remarkable
findings, surgical weight-loss options may be consid-
ered in diabetic patients with BMI > 35 who fail life-
style changes and medical therapies.

STEATOSIS
At 10 years following LT, up to 48% of patients

develop de novo allograft steatosis®® with increased
risk for non-alcoholic steatohepatitis (NASH).®
PTDM has been identified as a predictor of develop-
ing allograft steatosis.¥

RCTs of GLP1-RAs have demonstrated histolog-
ical resolution and decreased disease progression in
non-transplant patients with NASH taking liraglu-
tide or semaglutide versus placebo.(40’4l) Exenatide has
shown the ability to reduce serum transaminase val-
ues in patients with non-alcoholic fatty liver disease
(NAFLD) and improve sonographic disease severity
relative to patients treated with insulin alone.“? This
class may also associate with decline in liver stiffness
measured by elastography.*® Proposed mechanisms
for these benefits include weight loss, alterations
in lipid metabolism, attenuated release of pro-
inflammatory cytokines, and improved hepatic insulin
sensitivity.** The data for DPP-4i are less convinc-
ing, with the available data showing mixed results.*”
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SGLT2i have also provided promising results. One
study found attenuation of both hepatic steatosis
and fibrosis measured radiologically and decreases in
serum ALT in patients treated with dapagliflozin.“*®)
Another investigation found significant decreases
in the fat fraction, measured by magnetic resonance
imaging, in patients with T2DM receiving dapagli-
flozin.*”
limited, although improvements in scores of steato-
sis, inflammation, and fibrosis have been noted.“®
Proposed mechanisms for this benefit include

improved glucose control, weight loss, and reductions
(49)

Histological assessments in humans are

in oxidative stress and inflammation.

Pioglitazone is the only diabetes medication with
guideline endorsement for patients with biopsy-
proven NASH. Safety and efficacy have been sup-
ported in a long-term RCT with results of improved
NAFLD activity scores and, in some cases, resolu-
tion of NASH.®? Unfortunately, the concern about
AE profile, including weight gain and associated risk
for bladder cancer, is often a limiting factor in use.
The mechanistic benefit likely involves some combi-
nation of free fatty acid reduction, attenuated gluco-
neogenesis, imgroved insulin sensitivity, and reduced
inflammation.®"

The role of these medications in the prevention of
NAFLD/NASH is not established. Additionally, these
beneficial effects have not yet been demonstrated in
LTRs, although could conceivably be applicable to
allograft steatohepatitis.

CARDIOVASCULAR DISEASE

LTRs have a 30.8% risk of cardiovascular disease
within 8 years following transplant.”) PTDM is an
independent predictor of these events.®) Thus, diabe-
tes medication selection in LTRs should target down-
stream cardiovascular morbidity and mortality benefit.

Large RCTs in the non-transplant population have
reported significant reductions in cardiovascular events
with the use of SGLT?2i, particularly empagliflozin
and canagliflozin.®? The cardiovascular benefits
include significant reductions in the risk of cardiovas-
cular death and hospitalizations for congestive heart
failure (CHF).®? These benefits arise from modu-
lation of sodium-hydrogen exchangers in the heart,
kidneys and inflammatory cells, and direct effects on
myocardial electrolyte channels, leading to rhythm
stability, natriuresis, and augmented myocardial
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function.®? Notably, SGLT2i are also associated
with a 4-10-mmHg reduction in systolic blood pres-
sures,*® a favorable increase in high-density lipo-
protein cholesterol and a decrease in triglycerides.®
These medications may also cause mild elevations
in low-density lipoprotein cholesterol, likely due to
reduced circulatory clearance and enhanced lipolysis
of triglyceride-rich lipoproteins.®%

GLP1-RAs also promote improved cardiovascu-
lar outcomes. Liraglutide, subcutaneous semaglutide,
albiglutide, and dulaglutide have shown significant
reductions in cardiovascular death, myocardial infarc-
tion, and stroke.®> These findings arise secondary to
weight loss, lower blood pressures, lower triglycer-
ide levels, as well as anti-inflammatory and anti-
atherothrombotic effects.

As a result, the
Clinical Endocrinology and American College of
Endocrinology recommend that an SGLI2i or
GLP1-RA be considered as first-line therapy for
patients with established or high risk of atheroscle-
rotic cardiovascular disease (ASCVD) or CKD.®®
Given the prevalence of post-LT' CVD, these recom-
mendations should be extended to LTRs.

TZDs are associated with increased CHF hospi-
talizations.®” Pioglitazone, however, showed signifi-
cant reductions in the composite endpoint of all-cause
mortality, nonfatal myocardial infarction, or nonfatal
stroke in a large clinical trial.®”) Nevertheless, a sig-
nificant reduction in the primary composite endpoint
was not observed.*”)

American Association of

CHRONIC KIDNEY DISEASE

Up to 25% of LIRs develop stage IV-V CKD
within 5 years following LT.®® T2DM is a known
risk factor for developing CKD in this population.®

Although SGLT2i are contraindicated in end-
stage renal disease (ESRD), they have demonstrated
benefit with respect to progression of renal disease.
An RCT with primary renal endpoints showed a
reduction in ESRD, creatinine doubling, and renal
deaths in patients receiving canagliflozin versus pla-
cebo.®? A meta-analysis involving three additional
large RCTs confirmed a reduction in adverse renal
composite outcomes.®” Multiple mechanisms are
proposed, including reduced inflammation and atten-
uation of hyperfiltration through decreased intraglo-
merular pressures.™ This likely occurs secondary to
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a tubuloglomerular feedback mechanism triggered by
increased distal nephron sodium delivery.™®)

A meta-analysis found that administration of GLP1-
RAs significantly reduced adverse renal composite out-
comes including new-onset macroalbuminuria, decline
in glomerular filtration rate, progression to ESRD, and
renal deaths.®Y Similar to SGLT2i, GLP1-RAs cause
natriuresis, which may result in decreased intraglo-
merular pressures.(ls) GLP1-RAs may also have anti-
inflammatory effects within the kidneys.>

While these findings are encouraging, they have not
been confirmed in IT'Rs. Notably, LTRs are at risk
for CNI-induced nephrotoxicity, which may be super-
imposed on the effects of diabetes. CNIs can cause
arteriolar vasoconstriction and direct tubular toxicity,
which may ultimately result in glomerular sclerosis,
arteriolar hyalinosis, and interstitial fibrosis.®? Given
the mechanistic effects of SGLT2i and GLP1-RAs,
future investigation looking into outcomes in this
population is certainly warranted.

MALIGNANCY

Malignancy, whether recurrent or de novo, is a
major late cause of morbidity and mortality occur-
ring in up to 20% of LTRs.“¥ There are notable data
that diabetes and hyperinsulinemia increase the risk
of malignancy in the general population.®” The pro-
posed mechanism is that insulin acts as a growth fac-
tor allowing for selective growth of malignant cells. ¥
Data on exogenous insulin have been mixed, with
only some noting increased risk of malignancy(64)
One study noted that there was no increased risk for
overall cancer in patients with type 1 diabetes but
there was increased risk among these patients for gas-
tric, liver, pancreas, endometrial and renal cancer, and
decreased risk for prostate and breast cancer®® More
data, particularly in T2DM where hyperinsulinemia is
more notable, are needed.

Non-insulin-based regimens may reduce or elimi-
nate any insulin-related risk association but prospec-
tive data are needed to determine whether any true
benefit or risk for malignancy is associated with their
use. Metformin has properties that may correlate with
decreased risk of some malignancies in patients with
diabetes.®® The mechanism involves metformin act-
ing on the adenosine-monophosphate-kinase path-
way, functioning as a tumor suppressor kinase as well

RICHARDSON ET AL.

as inhibiting mTOR activity. Unfortunately, most of
the data are retrospective or observational, making the
true effect unclear. TZDs are activators of PPAR-y,
which is suspected to induce differentiation and
cause growth arrest or apoptosis of cancer cells.®” A
meta-analysis suggested a reduced risk of hepatocel-
lular carcinoma in patients taking TZDs,“® but other
studies have suggested a link with bladder, prostate,
and pancreatic cancer (thought to be attributable to
detection bias).”*” Similarly, SGLT2i have been
associated with bladder cancer but a meta-analysis
did not support this association.”” Given the risk
of medullary thyroid cancer in mice models only, the
Food and Drug Administration has recommended
against use of GLP1-RAs in patients with personal
or family history of medullary thyroid cancer or
multiple endocrine neoplasia type 2. A recent meta-
analysis found no increased risk of malignancy with
GLP1-RAs in humans.?” Prospective studies in this
domain are needed to assess malignancy outcomes.
Until then, given the relationship between obesity
and diabetes with increased risk of malignancy,(71) the
agents most able to manage these metabolic derange-
ments may have the most impact on malignancy risk
management.

Practical Considerations

Managing diabetes in the setting of multiple co-
morbidities can be challenging, but overlapping ben-
efits provide opportunities to have a greater impact
on long-term outcomes. An algorithm is proposed
for individualized decision making (Fig. 2), and cor-
responding knowledge gaps are proposed for future
studies (Table 3). The algorithm serves as a guide to
clinicians to aid in medication selection in the set-
ting of comorbid conditions and should be balanced
by factors including insurance coverage, affordabil-
ity, patient preference, and compliance consider-
ations. Within Fig. 2 there are pathways in which
providers may consider multiple first-line therapies.
Societies including the American Association of
Clinical Endocrinology and American College of
Endocrinology have provided recommendations to use
GLP1-RAs and SGLT?2i as first line in patients with
high risk for/established ASCVD and/or CKD due

to the abundance of promising data.®® Furthermore,
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TABLE 3. KNOWLEDGE GAPS THAT MAY IMPACT
CLINICAL CARE AND OUTCOMES

Clinical significance, if any, of unstudied inferactions between immunosup-
pression agents and diabetes medications.
Infection risk upon co-administration of immunosuppressants with
SGLT-2 inhibitors.
Extent of renal and cardiovascular benefits of SGLT-2 inhibitors and
GLP1-RAs in the LT population.
Role of GLP1-RAs and SGLT-2 inhibitors in treatment and prevention of
allograft steatosis and steatohepatitis.
True associations, if any, between discussed diabetes medications and
de-novo malignancy.

these medications are considered acceptable mono-
therapy options for patients with a low entry gly-
cated hemoglobin.(56) To emphasize this option, the
proposed management algorithm in Fig. 2 suggests
consideration of these agents in patients with obesity
and steatosis to provide overlapping benefits based on
the data previously discussed. The American Diabetes
Association continues to recommend metformin as
first-line therapy for T2DM."? With this, however,
recommendations are provided by each of these soci-
eties for the management of patients at high risk for/
established ASCVD, established CKD, or heart fail-
ure, to include an SGLT2i or GLP1-RA with estab-
lished CVD benefit regardless of %lycated hemoglobin
or concurrent metformin use.1*°®

As more data in IT'Rs become available, a multidis-
ciplinary approach to care involving transplant providers,
primary care physicians, medical weight loss special-
ists, and endocrinologists will be of utmost importance.
Figure 2 provides an approach to prescribing clinicians
seeking guidance for medication selection. Depending on
the practice settings and policies, transplant providers are
often not the primary prescriber for non-insulin-based
diabetes therapies that tend to be more frequently pre-
scribed by primary care providers and endocrinologists.
However, interdisciplinary discussion remains critical to
optimize long-term care and outcomes in these patients.
In many cases it may simply require sanction of use from
the transplant team to allow the providers confidence in
prescribing these agents.

Conclusion
The long-term management of PTDM should

be personalized based on risk factors and comorbidi-
ties. Insulin is universally used in the immediate post-
operative period, but transition to alternative agents in

RICHARDSON ET AL.

the long-term setting, when feasible, is strongly encour-
aged. With the available data, interactions between dia-
betes medications and immunosuppression medications
appear to be clinically insignificant. While metformin
remains the choice first-line agent for most patients,
alternatives including SGLI2i and GLP1-RAs should
be considered as first line in those with CVD or CKD.
SGLT2i and GLP1-RAs generally have the most con-
vincing data to support use in the setting of obesity,
CVD, and/or CKD. SGLT2i are preferential to GLP1-
RAs in the setting of CHF-predominant CVD. In
the absence of CHF, however, GLP1-RAs have more
abundant data to support use in patients with obesity
and steatohepatitis. More studies are needed to deter-
mine the extent of these benefits in LTRs.

REFERENCES

1) Sheiner PA, Magliocca JF, Bodian CA, Kim-Schluger L, Altaca G,
Guarrera JV, et al. Long-term medical complications in patients
surviving > or = 5 years after liver transplant. Transplantation
2000;69:781-789.
Peldez-Jaramillo MJ, Cardenas-Mojica AA, Gaete PV, Mendivil
CO. Post-liver transplantation diabetes mellitus: a review of rele-
vance and approach to treatment. Diabetes Ther 2018;9:521-543.
Moon JI, Barbeito R, Faradji RN, Gaynor JJ, Tzakis AG. Negative
impact of new-onset diabetes mellitus on patient and graft survival
after liver transplantation: long-term follow up. Transplantation
2006;82:1625-1628.
Saeed N, Glass L, Sharma P, Shannon C, Sonnenday CJ, Tincopa
MA. Incidence and risks for nonalcoholic fatty liver disease and
steatohepatitis post-liver transplant: systematic review and meta-
analysis. Transplantation 2019;103:¢345-¢354.
Fussner LA, Heimbach JK, Fan C, Dierkhising R, Coss E, Leise
MD, et al. Cardiovascular disease after liver transplantation: when,
what, and who is at risk. Liver Transpl 2015;21:889-896.
Israni AK, Xiong H, Liu J, Salkowski N, Trotter JF, Snyder JJ, et
al. Predicting end-stage renal disease after liver transplant. Am J
Transplant 2013;13:1782-1792.
7) Gallagher EJ, LeRoith D. Obesity and diabetes: the increased risk of
cancer and cancer-related mortality. Physiol Rev 2015;95:727-748.
8) Hornum M, Lindahl JP, von Zur-Miihlen B, Jenssen T, Feldt-
Rasmussen B. Diagnosis, management and treatment of glucom-
etabolic disorders emerging after kidney transplantation. Transpl
Int 2013;26:1049-1060.
9) National Institute of Diabetes and Digestive and Kidney Diseases.
Clinical and Research Information on Drug- Induced Liver
Injury. LiverTox [online]. https://www.ncbi.nlm.nih.gov/books/
NBK547852/. Accessed Sep 2021.
Grunberger G. Should side effects influence the selection of anti-
diabetic therapies in type 2 diabetes? Curr Diab Rep 2017;17:21.
Tuttle KR, Bakris GL, Bilous RW, Chiang JL, de Boer IH,
Goldstein-Fuchs J, et al. Diabetic kidney disease: a report from an
ADA consensus conference. Diabetes Care 2014;37:2864.
American Diabetes Association. Pharmacologic approaches to gly-
cemic treatment: Standards of Medical Care in Diabetes—2021.
Diabetes Care 2021;44:5111-S124.
Lexicomp Drug Interactions. Hudson, OH: Lexicomp. https://
online.lexi.com/Ico/action/login. Accessed Sep 2021.

2)

3)

4)

5)

6)

10)

11)

12)

13)

1259


https://www.ncbi.nlm.nih.gov/books/NBK547852/
https://www.ncbi.nlm.nih.gov/books/NBK547852/
https://online.lexi.com/lco/action/login
https://online.lexi.com/lco/action/login

RICHARDSON ET AL.

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

Islam SI, Masuda QN, Bolaji OO, Shaheen FIM, Sheikh IA. Possible
interaction between cyclosporine and glibenclamide in posttrans-
plant diabetic patients. Ther Drug Monit 1996;18:624-626.
Ninéevi¢ V, Omanovi¢ Kolari¢ T, Rogulji¢ H, Kizivat T, Smoli¢ M,
Bili¢ CI. Renal benefits of SGLT 2 inhibitors and GLP-1 recep-
tor agonists: evidence supporting a paradigm shift in the medical
management of type 2 diabetes. Int ] Mol Sci 2019;20:5831.
Egan AG, Blind E, Dunder K, de Graeff PA, Hummer BT,
Bourcier T, et al. Pancreatic safety of incretin-based drugs—FDA
and EMA assessment. N Engl ] Med 2014;370:794-797.

Liu Y, Zhang X, Chai S, Zhao X, Ji L. Risk of malignant neo-
plasia with glucagon-like peptide-1 receptor agonist treatment
in patients with type 2 diabetes: a meta-analysis. ] Diabetes Res
2019;2019:1534365.

Grancini V, Resi V, Palmieri E, Pugliese G, Orsi E. Management
of diabetes mellitus in patients undergoing liver transplantation.
Pharmacol Res 2019;141:556-573.

Vanhove T, Remijsen Q, Kuypers D, Gillard P. Drug—drug inter-
actions between immunosuppressants and antidiabetic drugs in
the treatment of post-transplant diabetes mellitus. Transpl Rev
2017;31:69-77.

Gangopadhyay K, Singh P. Consensus statement on dose modifi-
cations of antidiabetic agents in patients with hepatic impairment.
Indian ] Endocrinol Metab 2017;21:341-354.

Krishna R, Bergman A, Larson P, Cote J, Lasseter K, Dilzer
S, et al. Effect of a single cyclosporine dose on the single-dose
pharmacokinetics of sitagliptin (MK-0431), a dipeptidyl pep-
tidase-4 inhibitor, in healthy male subjects. ] Clin Pharmacol
2007;47:165-174.

Haidinger M, Werzowa J, Hecking M, Antlanger M, Stemer G,
Pleiner J, et al. Efficacy and safety of vildagliptin in new-onset di-
abetes after kidney transplantation—a randomized, double-blind,
placebo-controlled trial. Am ] Transplant 2014;14:115-123.
Werzowa J, Hecking M, Haidinger M, Lechner F, Déller D, Pacini
G, et al. Vildagliptin and pioglitazone in patients with impaired
glucose tolerance after kidney transplantation: a randomized,
placebo-controlled clinical trial. Transplantation 2013;95:456-462.
Peters AL, Buschur EO, Buse JB, Cohan P, Diner JC, Hirsch
IB. Euglycemic diabetic ketoacidosis: a potential complication
of treatment with sodium-glucose cotransporter 2 inhibition.
Diabetes Care 2015;38:1687.

Devineni D, Vaccaro N, Murphy J, Curtin C, Mamidi RNVS,
Weiner S, et al. Effects of rifampin, cyclosporine A, and probene-
cid on the pharmacokinetic profile of canagliflozin, a sodium glu-
cose co-transporter 2 inhibitor, in healthy participants. Int J Clin
Pharmacol Ther 2015;53:115-128.

Cattaneo D, Bitto A, Baldelli S, Cortinovis M, Gotti E, Perico
N, et al. Pharmacokinetic/pharmacodynamic drug interaction be-
tween rosiglitazone and mycophenolate mofetil in kidney trans-
plantation: a case report. Transplantation 2008;85:921-922.
Ramos-Prol A, Hervis-Marin D, Rodriguez-Medina B, Rubio-
Almanza M, Berenguer M, Moya-Herraiz A, et al. Intensified
blood glucose treatment in diabetic patients undergoing a liver
transplant: impact on graft evolution at 3 months and at 5 years.
J Endocrinol Invest 2018;41:821-829.

Watt KDS, Charlton MR. Metabolic syndrome and liver trans-
plantation: a review and guide to management. ] Hepatol 2010;53:
199-206.

American Diabetes Association. Obesity management for the
treatment of type 2 diabetes: Standards of Medical Care in
Diabetes—2020. Diabetes Care 2020;43:S89.

Safety L-T. Tolerability, and weight loss associated with metformin
in the diabetes prevention program outcomes study. Diabetes Care
2012;35:731.

Alnasrallah B, Goh TL, Chan LW, Manley P, Pilmore H.
Transplantation and diabetes (Transdiab): a pilot randomised

1260

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

46)

47)

48)

HEPATOLOGY COMMUNICATIONS, June 2022

controlled trial of metformin in impaired glucose tolerance after
kidney transplantation. BMC Nephrol 2019;20:147.

Malin SK, Kashyap SR. Effects of metformin on weight loss:
potential mechanisms. Curr Opin Endocrinol Diabetes Obes
2014;21:323-329.

Halden TAS, Kvitne KE, Midtvedt K, Rajakumar L, Robertsen I,
Brox J, et al. Efficacy and safety of empagliflozin in renal transplant
recipients with posttransplant diabetes mellitus. Diabetes Care
2019;42:1067.

Potts JE, Gray L], Brady EM, Khunti K, Davies MJ, Bodicoat DH.
The effect of glucagon-like peptide 1 receptor agonists on weight
loss in type 2 diabetes: a systematic review and mixed treatment
comparison meta-Analysis. PLoS One 2015;10:¢0126769.
Wilding JPH, Batterham RL, Calanna S, Davies M, Van Gaal LE,
Lingvay I, et al. Once-weekly semaglutide in adults with over-
weight or obesity. N Engl ] Med 2021;384:989-1002.

Thangavelu T, Lyden E, Shivaswamy V. A retrospective study of
glucagon-like peptide 1 receptor agonists for the management of
diabetes after transplantation. Diabetes Ther 2020;11:987-994.
Hollander P. Anti-diabetes and anti-obesity medications: effects
on weight in people with diabetes. Diabetes Spectrum 2007;20:
159-165.

Lee Y, Tian C, Lovrics O, Soon MS, Doumouras AG, Anvari M,
et al. Bariatric surgery before, during, and after liver transplanta-
tion: a systematic review and meta-analysis. Surg Obes Relat Dis
2020;16:1336-1347.

Narayanan P, Mara K, Izzy M, Dierkhising R, Heimbach ],
Allen AM, et al. Recurrent or de novo allograft steatosis and
long-term outcomes after liver transplantation. Transplantation
2019;103:e14-¢21.

Newsome PN, Buchholtz K, Cusi K, Linder M, Okanoue T, Ratziu
V, et al. A placebo-controlled trial of subcutaneous semaglutide in
nonalcoholic steatohepatitis. N Engl ] Med 2021;384:1113-1124.
Armstrong MJ, Gaunt P, Aithal GP, Barton D, Hull D, Parker R,
et al. Liraglutide safety and efficacy in patients with non-alcoholic
steatohepatitis (LEAN): a multicentre, double-blind, randomised,
placebo-controlled phase 2 study. Lancet 2016;387:679-690.

Shao N, Kuang HY, Hao M, Gao XY, Lin WJ, Zou W. Benefits
of exenatide on obesity and non-alcoholic fatty liver disease with
elevated liver enzymes in patients with type 2 diabetes. Diabetes
Metab Res Rev 2014;30:521-529.

Seko Y, Sumida Y, Tanaka S, Mori K, Taketani H, Ishiba H, et al.
Effect of 12-week dulaglutide therapy in Japanese patients with
biopsy-proven non-alcoholic fatty liver disease and type 2 diabetes
mellitus. Hepatol Res 2017;47:1206-1211.

Gastaldelli A, Marchesini G. Time for glucagon like peptide-1
receptor agonists treatment for patients with NAFLD? ] Hepatol
2016;64:262-264.

Sumida Y, Seko Y, Yoneda M; Japan Study Group of NAFLD.
Novel antidiabetic medications for non-alcoholic fatty liver dis-
ease with type 2 diabetes mellitus. Hepatol Res 2017;47:266-280.
Shimizu M, Suzuki K, Kato K, Jojima T, Iijima T, Murohisa T,
et al. Evaluation of the effects of dapagliflozin, a sodium-glucose
co-transporter-2 inhibitor, on hepatic steatosis and fibrosis using
transient elastography in patients with type 2 diabetes and non-
alcoholic fatty liver disease. Diabetes Obes Metab 2019;21:285-292.
Latva-Rasku A, Honka M-], Kullberg J, Mononen N, Lehtimiki
T, Saltevo J, et al. The SGLT2 inhibitor dapagliflozin reduces liver
fat but does not affect tissue insulin sensitivity: a randomized,
double-blind, placebo-controlled study with 8-week treatment in
type 2 diabetes patients. Diabetes Care 2019;42:931-937.

Akuta N, Kawamura Y, Watanabe C, Nishimura A, Okubo M,
Mori Y, et al. Impact of sodium glucose cotransporter 2 inhibitor
on histological features and glucose metabolism of non-alcoholic
fatty liver disease complicated by diabetes mellitus. Hepatol Res
2019;49:531-539.



HEPATOLOGY COMMUNICATIONS, Vol. 6, No. 6, 2022

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

60)

Scheen AJ. Beneficial effects of SGLT2 inhibitors on fatty liver
in type 2 diabetes: a common comorbidity associated with severe
complications. Diabetes Metab 2019;45:213-223.

Cusi K, Orsak B, Bril F, Lomonaco R, Hecht J, Ortiz-Lopez C,
et al. Long-term pioglitazone treatment for patients with nonal-
coholic steatohepatitis and prediabetes or type 2 diabetes mellitus:
a randomized trial. Ann Intern Med 2016;165:305-315.
Boeckmans J, Natale A, Rombaut M, Buyl K, Rogiers V, De Kock
J, et al. Anti-NASH drug development hitches a lift on PPAR
agonism. Cells 2019;9:37.

McGuire DK, Shih W], Cosentino F, Charbonnel B, Cherney
DZI, Dagogo-Jack S, et al. Association of SGLT2 inhibitors with
cardiovascular and kidney outcomes in patients with type 2 diabe-
tes: a meta-analysis. JAMA Cardiol 2021;6:148-158.

Oliva RV, Bakris GL. Blood pressure effects of sodium-glucose
co-transport 2 (SGLT?2) inhibitors. ] Am Soc Hypertension
2014;8:330-339.

Filippas-Ntekouan S, Filippatos TD, Elisaf MS. SGLT?2 inhibi-
tors: are they safe? Postgrad Med 2018;130:72-82.

Sheahan KH, Wahlberg EA, Gilbert MP. An overview of GLP-1
agonists and recent cardiovascular outcomes trials. Postgrad Med J
2020;96:156-161.

Garber AJ, Handelsman Y, Grunberger G, Einhorn D,
Abrahamson M]J, Barzilay JI, et al. Consensus statement by the
American Association of Clinical Endocrinologists and American
College of Endocrinology on the Comprehensive Type 2 Diabetes
Management Algorithm—2020 Executive Summary. Endocrine
Practice 2020;26:107-139.

Dormandy JA, Charbonnel B, Eckland DJA, Erdmann E,
Massi-Benedetti M, Moules IK, et al. Secondary prevention
of macrovascular events in patients with type 2 diabetes in the
PROactive Study (PROspective pioglitAzone Clinical Trial In
macroVascular Events): a randomised controlled trial. Lancet
2005;366:1279-1289.

Lucey MR, Terrault N, Ojo L, Hay JE, Neuberger J, Blumberg
E, Teperman LW. Long-term management of the successful
adult liver transplant: 2012 practice guideline by the American
Association for the Study of Liver Diseases and the American
Society of Transplantation. Liver Transpl 2013;19:3-26.

Perkovic V, Jardine M]J, Neal B, Bompoint S, Heerspink HJL,
Charytan DM, et al. Canagliflozin and renal outcomes in type 2
diabetes and nephropathy. N Engl ] Med 2019;380:2295-2306.
Lo KB, Gul F, Ram P, Kluger AY, Tecson KM, McCullough PA,
et al. The effects of SGLT2 inhibitors on cardiovascular and renal

61)

62)

63)

64)

65)

RICHARDSON ET AL.

outcomes in diabetic patients: a systematic review and meta-
analysis. Cardiorenal Med 2020;10:1-10.

Kristensen SL, Rerth R, Jhund PS, Docherty KF, Sattar N, Preiss
D, et al. Cardiovascular, mortality, and kidney outcomes with
GLP-1 receptor agonists in patients with type 2 diabetes: a sys-
tematic review and meta-analysis of cardiovascular outcome trials.
Lancet Diabetes Endocrinol 2019;7:776-785.

Chapman JR. Chronic calcineurin inhibitor nephrotoxicity—lest
we forget. Am ] Transplant 2011;11:693-697.

Watt KD, Pedersen RA, Kremers WK, Heimbach JK, Sanchez
W, Gores GJ. Long-term probability of and mortality from de
novo malignancy after liver transplantation. Gastroenterology
2009;137:2010-2017.

Vigneri R, Goldfine ID, Frittitta L. Insulin, insulin receptors, and
cancer. ] Endocrinol Invest 2016;39:1365-1376.

Carstensen B, Read SH, Friis S, Sund R, Keskimiki I, Svensson
A-M, et al. Cancer incidence in persons with type 1 diabetes: a
five-country study of 9,000 cancers in type 1 diabetic individuals.
Diabetologia 2016;59:980-988.

66) Yu H, Zhong XI, Gao P, Shi ], Wu Z, Guo Z, et al. The po-

67)

68)

69)

70)

71)

tential effect of metformin on cancer: an umbrella review. Front
Endocrinol 2019;10:617.

Panigrahy D, Shen LQ, Kieran MW, Kaipainen A. Therapeutic
potential of thiazolidinediones as anticancer agents. Expert Opin
Investig Drugs 2003;12:1925-1937.

Arvind A, Memel ZN, Philpotts LL, Zheng H, Corey KE, Simon
TG. Thiazolidinediones, alpha-glucosidase inhibitors, megli-
tinides, sulfonylureas, and hepatocellular carcinoma risk: a meta-
analysis. Metabolism 2021;120:154780.

Lewis JD, Habel LA, Quesenberry CP, Strom BL, Peng T,
Hedderson MM, et al. Pioglitazone use and risk of bladder can-
cer and other common cancers in persons with diabetes. JAMA
2015;314:265-277.

Tang H, Dai Q, Shi W, Zhai S, Song Y, Han ]J. SGLT?2 inhib-
itors and risk of cancer in type 2 diabetes: a systematic review
and meta-analysis of randomised controlled trials. Diabetologia
2017;60:1862-1872.

Pearson-Stuttard ], Zhou B, Kontis V, Bentham ], Gunter M],
Ezzati M. Worldwide burden of cancer attributable to diabetes
and high body-mass index: a comparative risk assessment. Lancet
Diabetes Endocrinol 2018;6:e¢6-¢15.

Author names in bold designate shared co-first

authorship.

1261



	Personalizing Diabetes Management in Liver Transplant Recipients: The New Era for Optimizing Risk Management
	Non-­insulin Therapies
	Biguanides
	Sulfonylureas
	Glucagon-­Like Peptide-­1 Receptor Agonists
	Dipeptidyl Peptidase-­4 Inhibitors
	Sodium-­glucose cotransporter-­2 inhibitors
	Thiazolidinediones
	Metiglinide Analogues
	Alpha-­Glucosidase Inhibitors

	Insulin
	Extra-­glycemic Reflections in LTRs
	Weight Management
	Steatosis
	Cardiovascular Disease
	Chronic Kidney Disease
	Malignancy

	Practical Considerations
	Conclusion
	References


