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Uncontrolled type 2 diabetes mellitus (T2DM) and post-transplant diabetes mellitus
(PTDM) increase morbidity and mortality after kidney transplantation. Conventional
strategies for diabetes management in this population include metformin, sulfony-
lureas, meglitinides and insulin. Limitations with these agents, as well as promising
new antihyperglycemic agents, create a need and opportunity to explore additional
options for transplant diabetes pharmacotherapy. Novel agents including sodium glu-
cose co-transporter 2 inhibitors (SGLT2i), glucagon-like peptide-1 receptor agonists
(GLP1RA), and dipeptidyl peptidase IV inhibitors (DPP4i) demonstrate great promise
for T2DM management in the non-transplant population. Moreover, many of these
agents possess renoprotective, cardiovascular, and/or weight loss benefits in addi-
tion to improved glucose control while having reduced risk of hypoglycemia compared
with certain other conventional agents. This comprehensive review examines available
literature evaluating the use of novel antihyperglycemic agents in kidney transplant
recipients (KTR) with T2DM or PTDM. Formal grading of recommendations assess-
ment, development, and evaluation (GRADE) system recommendations are provided
to guide incorporation of these agents into post-transplant care. Available literature
was evaluated to address the clinical questions of which agents provide greatest short-
and long-term benefits, timing of novel antihyperglycemic therapy initiation after
transplant, monitoring parameters for these antihyperglycemic agents, and concomi-
tant antihyperglycemic agent and immunosuppression regimen management. Current
experience with novel antihyperglycemic agents is primarily limited to single-center
retrospective studies and case series. With ongoing use and increasing comfort, further
and more robust research promises greater understanding of the role of these agents
and place in therapy for kidney transplant recipients.
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1 | INTRODUCTION

Hyperglycemia after transplantation was first described by Dr. Thomas
Starzl in 1964.1 Various terms have been used to describe hyper-
glycemia following transplant such as steroid-induced diabetes or
new onset diabetes after transplant (NODAT). However, in 2013 an
international consensus of transplant nephrologists, surgeons, clinical
scientists, and diabetologists favored the term post transplantation
diabetes mellitus (PTDM). PTDM should be applied in the setting of
newly diagnosed diabetes mellitus after transplant as opposed to type
2 diabetes mellitus (T2DM), which is diagnosed prior to transplant.
Transient hyperglycemia due to high doses of corticosteroids and post-
operative stress occurs frequently in the immediate post-transplant
period and therefore diagnosis of PTDM should be considered only
after being on a stable immunosuppressive regimen without acute
infection.2® The criteria for diagnosis of PTDM are similar to that of
T2DM in the general population (two of the following: Hemoglobin
Alc [HbA1lc] >6.5%, random fasting blood sugar > 126 mg/dL, 2 h
post oral glucose tolerance test [OGTT] > 200 mg/dL, or random
blood glucose [BG] of >200 mg/dL with symptoms of hyperglycemia
such as polyuria and polydipsia).* HbAlc may be inaccurate in the
first 3 months following transplant due to confounding issues, such as
blood transfusions during transplant surgery. Similar to other forms
of diabetes mellitus, ongoing monitoring for hyperglycemia manage-
ment, with HbA1C every 3-6 months is recommended. In addition
to the classic risk factors for T2DM, there are several transplant-
specific factors that lead to development of PTDM. These include
the use of immunosuppressive agents (e.g., calcineurin inhibitors
[CNI] and corticosteroids), allograft rejection, infections, donor char-
acteristics and human leukocyte antigen (HLA) mismatches/specific
HLA alleles.>¢ Between 2010 and 2020, the number of individuals
with diabetes mellitus awaiting kidney transplant rose from 42% to
47%. While the incidence of PTDM is high at 15%, new data shows
that it is declining due to changing paradigms in titration of CNI
and corticosteroids.”8 Early and accurate detection is vital as dia-
betes mellitus and PTDM are associated with increased mortality and
morbidity.” 16

Management of PTDM is similar to that of T2DM in the general
population with a focus on strict glycemic control and reduction in
the occurrence of diabetes-related complications. Several new anti-
hyperglycemic agents have been introduced since 2005: GLP1RA,
DPP4i, and SGLT2i. The American Diabetes Association (ADA) guide-
lines recommend the use of GLP1RA and SGLT2i in patients with high
risk of atherosclerotic cardiovascular disease.l” In addition, SGLT2i
have shown to have renoprotective effects as demonstrated in multi-
ple large trials.1® See Table 1 for details highlighting the use of these
agents in the general population.

During the first 1-2 months post kidney transplant, whilst sig-
nificant changes are occurring to the immunosuppressive regimen
and renal function, hyperglycemia is usually treated with insulin. It
is hypothesized that early use of insulin resulted in beta cell protec-

tion thereby reducing glucotoxicity and the occurrence of PTDM.1?

In mouse models, metformin has been shown to improve CNI-induced
hyperglycemia as well as improve glucose intolerance caused by
sirolimus.2921 Although metformin is used as a treatment for PTDM,
safety data in solid organ transplant (SOT) recipients is lacking. Short-
term studies have demonstrated safety of the use of glinides following
kidney transplant.?223 The 2020 Kidney Disease: Improving Global
Outcomes (KDIGO) Clinical Practice Guideline for Diabetes Manage-
ment in Chronic Kidney Disease recommends for use of metformin
for KTR with PTDM with an estimated glomerular filtration rate
(eGFR) > 30 mL/min/1.73 m2.2425 The ADA Standards for Medical
Care in Diabetes in 2017 added a specific section for PTDM, although
specific treatment recommendations were not provided.?é Overall,
there has been a dearth of clinical trials evaluating the effects of
the newer antihyperglycemic agents following kidney transplant. The
advent of these agents that offer improved glycemic control, reduction
in 3-point major cardiovascular events outcomes (MACE; comprised
of cardiovascular death, nonfatal myocardial infarction, or nonfatal
stroke), renoprotective effects and weight loss is exciting and promis-
ing by providing additional options for effective management of PTDM.
Practice guidelines for the novel antihyperglycemic agents in the post-
transplant setting are lacking. This comprehensive review discusses
the available literature and provides evidence-based recommenda-
tions on the use of these novel antihyperglycemic agents, for treatment
of PTDM in KTR. Given that many studies included both patients with
PTDM and those with T2DM diagnosed prior to transplantation, this

review also provides insight for the management of T2DM in KTR as

well.
2 | METHODS
2.1 | Study selection

For this review of the English literature, PubMed database searches
were conducted to identify relevant studies published prior to Septem-
ber 1,2022. The search terms used for the literature review were:

(SGLT2 OR sodium glucose co-transporter 2 inhibitor OR
canagliflozin OR dapagliflozin OR empagliflozin OR ertugliflozin)
AND (kidney transplant OR post transplant diabetes mellitus OR new
onset diabetes after transplant)

(GLP1 OR glucagon-like peptide-1 receptor agonist OR albiglutide
OR semaglutide OR exenatide OR dulaglutide OR liraglutide OR lixise-
natide) AND (kidney transplant OR post transplant diabetes mellitus
OR new onset diabetes after transplant)

(DPP4 OR dipeptidyl peptidase IV inhibitor OR saxagliptin OR
sitagliptin OR alogliptin OR vildagliptin OR linagliptin) AND (kidney
transplant OR post transplant diabetes mellitus OR new onset diabetes
after transplant)

All randomized controlled trials (RCT), case series, cohort studies
were included if study population included adults who had received
a renal transplant with a diagnosis of either pre-transplant T2DM or
PTDM or NODAT. Case reports were excluded.
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TABLE 1 Benefit and risk summary of novel antihyperglycemic agents available in the United States in general population
(2022).2447-50,63-68,80
At Risk of
Class ASCVD Heart Failure Renal Disease Weight Loss Hypoglycemia
GLP1RA Minimizes risk factors ~ Neutral All agents shown to Significant Benefit Safe
(weight loss) reduce albuminuriain Greatest weight loss: Generally considered
Dulaglutide, secondary outcomes of ~ Semaglutide > Liraglutide > low risk, but may
Liraglutide, CV outcome trials Dulaglutide, Lixisenatide, decrease insulin
Semaglutide may Glucose lowering effect is Exenatide XR dose if added as
lower CV events and lower at lower eGFR concomitant therapy
mortality
Exenatide XR,
Lixisenatide: neutral
SGLT2i Minimizes risk factors  Reduces risk of HF Canagliflozin may reduce ~ Moderate Benefit Safe
(weight loss, BP) hospitalization progression of Scr, RRT,  Modest weight loss Not typically
All shown to reduce Dapagliflozin has FDA and albuminuria associated with
CV mortality and indication for Empagliflozin may reduce hypoglycemia
events HFrEFEmpagliflozin urinary
has FDA indications for albumin:creatinine
HF regardless of EF All carry FDA indications
for CKD
Glucose lowering effect is
lower at lower eGFR
DPP4i Neutral Saxagliptin may increase  Neutral No Benefit Safe
risk for HF Weight neutral Not typically

hospitalization

associated with
hypoglycemia

Abbreviation: ASCVD, Atherosclerotic Cardiovascular Disease; BP, Blood Pressure; CKD, Chronic Kidney Disease; CV, Cardiovascular; EF, Ejection Frac-
tion; eGFR, Estimated Glomerular Filtration Rate; FDA, U.S Food and Drug Administration; Gl, Gastrointestinal; HF, Heart failure; HFrEF, Heart Failure with
Reduced Ejection Fraction; N/V/D, nausea, vomiting, and diarrhea; RRT, Renal Replacement Therapy; SCr, Serum Creatinine.

2.2 | Level of evidence and strength of
recommendation assessment methods

Authors provided a level of evidence assessment and assigned a
strength of recommendation designation for each of the major clini-
cal questions concluding the review. The GRADE system was utilized
to rate the level of evidence as High (A), Moderate (B), Low (C),
or Very Low (D) and strength of recommendation as Strong (1) or
Weak (2).27-32 Quality of evidence was assigned as High (A) if further
research was unlikely to change confidence in estimated effect; Moder-
ate (B) if further research was likely to impact confidence in estimated
effect; Low (C) if further research was very likely to impact confidence
in estimated effect; and Very Low (D) if further research was needed
to identify an estimation of effect. Strength of recommendation was
designated as strong (1) if there was high quality of evidence available
(e.g., well-designed randomized controlled trials) and there was confi-
dence that benefit outweighed risk. Strength of recommendation was
designated as weak (2) if there was lower quality of evidence (e.g., case
series, retrospective cohort studies) and uncertainty about whether
benefit outweighs risk.

Evidence was reviewed by the primary author who developed rec-
ommendations, assessed level of evidence, and assigned strength of
recommendations. All content was then reviewed by an additional
author to validate. The full author group reviewed all recommen-

dations and quality of evidence for consensus. Where discrepancy

existed, group discussion was used to reach agreement.

3 | RESULTS
3.1 | GLP1RA agents
3.1.1 | Overview in general population

GLP1RA agents stimulate insulin secretion and inhibit glucagon secre-
tion in a glucose-dependent manner, increase satiety, and slow gastric
emptying. All agents in this class effectively reduce HbA1c by approx-
imately 1%-2% in the general population, and their effects on weight
loss are more variable between 2 and 6 kg depending on agent and
dose.*® The risk of hypoglycemia is low because their mechanism is
glucose-dependent, but may occur if given in conjunction with other
antihyperglycemic agents (Table 2).

In addition to the efficacy on glycemic control and weight
loss, GLP1RA have demonstrated cardiorenal benefits compared to
placebo in the cardiovascular outcomes trials (CVOTs).174647 Long-
acting GLP1RA (albiglutide, dulaglutide, liraglutide, and subcutaneous
semaglutide) reduced the risk of MACE, and liraglutide and oral
semaglutide also demonstrated cardiovascular mortality benefits.



40f 28

WILEY

l Clinical TRANSPLANTATION

LAWRENCE ET AL.

(senunuo))

uol3ned ym asn-juswiiedwi
|euaJ ul Juswisnipe asop oN

|0J3U0D D1WDJA|3

9A13094J9 SpIAo.Jd Jou $90p 31 ‘swoldwAs
|9 92NnpaJ 01 papualul s asop 3w ¢

papuUBWIWOIaJ JOU UIW/JW OE > |D4D

papuswwodal
JOUSIASN [ W L T/UIW/W GT > Y493
uolNed Yypm asn-juswiiedwi
|eua. ul yuawisnipe asop oN
|0J43U0d
J1W2A|3 9A1309449 9pIA0.d JOou S90p pue
swojdwAs |5 9o3npau 0} papualul st 3w 9

papuswwodal
jousiasn ;W g/ /Ul W G > Y499
uol3ned Yym asn-juswiiiedwi
|euaJ ul Juawisnipe asop oN
|0J3U0D JIWDJA|3
9A11094J9 9pIA0.d Jou s20p pue swoldwAs
|19 92NnpaJ 01 papualul SI asop 3w Gz’ |elu|

SUOI}eDIPaW USLJ0 O ‘93eIaAs(
‘PO04 3s.1} 93 910494 UlW OES JISIUIWPY
|043U0D J3Y3in) J0) papaauU I
sAep Qg J93Je Sw {,T 03 9sea.dul Aew ‘Ajlep
3w / 031 aseaJdul uays ‘shep 0g X Ajlep 3w g

|043U0d
J3434NnJ 104 papasU JI Yjuow T J2)4e
Allep 921m] 80w QT 03 aseadul Ae| “(3ede
y 9 1se3|) Aep ay3 JO s|eaw ulew oMl

a3 03 JoLid uiw 09 UM Ajlep 921M} 3ow G

(asop
2oueuUajUlew) Ajlep Sow Oz 03 asealdul
GT Aep uo uayj shep T X Ajlep 8ow QT

Ajlep 3w g'T 0}

95B3.0U] ABW USY] }99M [BUOI}IPPE Joje

papaau asuodsad Jaylany §| ‘Ajlep w '
03 9SeaJdu] uUay3 YPam T X Ajlep DS Sw 9

Apeamaduo 8w g

|0J3U0D J3y3any 4oy
papaau JI $H99M {7 193 Apjeam Swi Z Aq
PaMO||04 S399M {7 [EUOIIIPPE Ja1Je APDjoam
3w T 03 aseaJoul Aew ‘Apjeam Sw G

03 9Sea.dUl Usy] ‘sYoam {7 JoJ Apjoam 3w gz

3W € UO SHPaM {7 J9Je Apjeam 3w G
JO Xew e 0} Uay} pue Sw G'T Je SYaam
15e9| Je U3k Sw g 03 3.} JByny

Aliep
92UO [eJo aplin|Sewas

uol3daful
Ajtep 201m3 | dpljeusxy

auidue|3

ulnsul yum 3onpoud

uoljeuiquiod se

S|ge|leAe os|e ‘uoli3daaful
Ajlep apiyeuasixi]

29pnN|3ap ulnNsul y3m

1onpoud uoljeuiquiod

se 9|qe|leAe os[e
‘uonalul Ajiep spiynjse.ry

uol323(ul
Aploam ¥3 spijeusxy

uol323ful
AP2am apiin|3ewas

uol3ned Yypm asn-juswiedw| Ke|A| "papaau JI S5oom 8- Ja3je APpjoam uol3a3(ul
|euad Ul Juawisnipe asop oN 20U0 SW G'T 03 9sealoul Aew ‘Apjoam 8w G/° Apfoam apiiniSejng
sjaead Suisoq uawi8aa Suisoq sjuasy
:8uisoq

JuU93e AP99M SUO 03 3UIYDHMS ISPISU0D)
s|eaw jusnbauy siow Us|jews je3

|oyooje ‘spooy Adids ‘sjeawl 3e) y3iy pIoAy
a.n|iey

AdeJuay3/uoi3onpad 9sop 3ulIapISU0d 94049q
9sop paqluasaad Supje; Jusiied wduod)
A|MoO|s 3sop ajeal |

:39sdn |9 Joy sdi3 31

papasu

se sjua3e JaY30 9sea.d9p pue elwadA|3odAy
104 J031uow A|aso|d ‘syuade d13agelpiiue Jayjo
pue uljNsul JUE3IWOdUOI Y3IM uoljeliul uodn
3uiuels apnjdaad Aew sasned Jay3o

10 s3onpoud ajejousydodAw 03 Alepuodss
swoldwAs |9 Juadind Jo aouasald ay |
92USPIAS [eD1Ul]D P3| 0

NP UOIINED YJIM 3SN :3SeasIp [euad 93e1s puj

asuno)

:9J0N

(7dd@ 8uiddo)s Ji 1ie3s Aew) I,ddQ UO

jueudaud swodaq 03 aJ1saq

sij3easdued Jo A1ojsiy snoiasad 1o 91ndy
QWoJpuAs eisejdoau suriopua a|diynia
ewiould.ed ploJAyy

AJe|inpaw Jo A103siy Ajiwey 1o |euostad

:3uIMoO||0J 33 JO Aue 01 S3A JI Jue3S Jou 0Q
|eJ0 pue uoj323[ul SNoaUBINIYNG :93IN0Y

:elI9)14d 3N

Sv-€¢

Vd1d1o

sse|D

'sjuade D|WadA|342dAYIIUE [DAOU JOMIIAIBAO  Z 319V.L



LAWRENCE ET AL.

. Clinical TRANSPLANTATION
> | WILEY l

Allep 92U0 W GZ°9 :ulw/ W 0 > [D4D

Allep 95U0 8w G'ZT :ulw/Jw 09> 03 0£< [D4D

paJinbaJ juswisnipe 3sop |eusd oN
Altep

90U0 SW G°Z :zW £/ T/UIW/TW G > Y49
Altep

90UO SW G :zW £/ T/UIW/W O > Y499
Ajlep aduo

SW QG :zW £/ T/UIW/ W Gi7> 03 0E< Y492

papuswwodal
JOUSIasN 1W €L T/UIW/W Gy > YD
M 9seauoul
Aew 1ey3 suoliedipawl Jay3o pue ‘uoljouny
|euaJ paJsiedwi ul uoijned asn ‘wnissejod
wINJas paseaJsdul asned Ae asop 3w Q0E
Ajlep aouo 3w Q0T
anuuod Aew paysi|geiss Ajsnoinaad
sjualjed UaAaMOY ‘papuaWILIOdaL J0U
UOREIHULIYIM ;W €/ T/UIW/W O > Y493
‘Allep
90U0 3W OOT zW £ T/UIW/ W 09 > Y4D9
02 < Y499 ue yumsjuaized
Ul UMOYS U93( 9ABY S}Iauaq aanjiey
1Jeay pue [eual :aseasip Asupiy dnagelp
10Jjuswieal) e se Ajlep aouo 3w QT 3e
9SN SNUIIUOD BWOS ‘Paysl|gelsa Ajsnolaaid

Allep 3w Gz
Ajlep 8w g

Ajlep 8w G-G'Z

Ajtep 3w 00T

5|e03 21Wa2A|3 9A3IYdE 0} papasu
J1S)99M ZT -1 1914 Ajlep aouo 3w GT
03 aseaJdul Aew {Ajlep 9ouo 3w g :[eniu|

S|eo3 21WadA|3 aAaIyoe

0] Papa3U JI SHH9M ZT -1 Joe Allep

92U0 3w QOE 03 asealdul Aew Aep ayj Jo
|eaw 3sJ14 03 Jord Ajlep aouo 3w QQT :[eldu|

S|eo3 21wWadA|3 SA31YDe 0] papaau
J1$}99M ZT -1 1914e Ajlep 9ouo Sw GZ

undisoly
undigeury

undi8exes

undisens

uizoyy!|8n33

uizojyl|3eue)d

sjualjed uj W g/ T/UIW/TW QL > Y499 03 asea.dul Aew ‘Ajlep aouo 3w QT :|e1u| uizopyl|3edw3y
uo Apeauje 5|e03 21Wa2A|3 9A3IYdE 03 papasu
J19SN 9NUIU0d ABW ‘pPaPUSWILIOIDL J1S399M ZT -1 493)e Ajlep souo 8w QT
JOU UOIJeINUL ;W €/ T/UIW/TW GZ > Y4Dd 0] 9seaJdul Aew ‘Ajlep 2ouo 8w G :[eniu| uizoyyl|3edeq
s|iead Suisoq uawi8aJ Suisoq sjuasy
:8uisoq

Juawisnipe
9s0p |euad aJinbau jou saop undij3eul] ;210N
VdTd1D uoApealjy «
siyjeasoued Jo AJOISIH »
uijdij3oje :saseujwesuel) [ewouqy
undiSexes :(4H) a4njiej 1esH .
:3uIMO||0J 3Y3 JO Aue 0] S9A JI 1ue)s Jou 0Q
|eJQ :91n0y

pa||oJ43uodun
aJe oym sjuaijed ul Adessyjouow
Sse ploAe 01 159q A||ed1dA} ‘sisopIoe0}ay|
2139¢e1p 21W2A|3N3 JO 3S11 8Y) JO S1eme 3g
uoljelpAy
91erudoudde 3uiSeanodus pue suoljedipawl
aAIsualIadAyI3UE 10 S2132.NnIp Suiseadap
J9pIsu0d uoisuajodAy Jo uonya|dap
SWN|OA JO 3S1U Je sjualjed ul uoIINed IS »
uoleziialayied
10 ‘uo11dunysAp Jsppe|q dlusdoinau
‘U0132N435q0 AJeulin ‘saan3oLils [eayiain
‘uo13duNYsAp SulplOA ‘uoiualal Adeurn
‘S| LN 3US11Nnd3. Jo AJ03SIY B Se Ydns S| N
10 suoi3ipuod 3uisodsipaud 40 s1030e) XSl

UMOU| Y}IM 3503 Ul UoIsiAIadns 8s0jd Japun

Ajuo pue Ajsnoiineds pasn aq pjnoys 171195«
910N
SuOI1399jul 21302AW |e}IuSd

‘sU0I3024Ul }oe4} AleUlIn JU241nd31 JO AIOISIH  «

UOI3034U] DAY «
sisAleiq

:3UIMO||04 33 JO AUe 03 SIA 1 14B}S JOU 0
|eJQ :93n0Y

eLId}ID 3

(panunuo?)

ddd

12119S

sse[d

¢3ilavi



LAWRENCE ET AL.

ll:linicul TRANSPLANTATION WILEY-_L*"%

In the CVOTs, renal outcomes were secondary endpoints or not
measured. As a class, GLP1RA reduce the incidence of new-onset
macroalbuminemia.*® Based on the results of CVOTs, the international
practice guidelines recommend that T2DM patients with Atheroscle-
rotic Cardiovascular Disease (ASCVD) or at high risk for cardiovascular
disease (CVD), or chronic kidney disease (CKD) should be treated
with an SGLT2i or GLP1RA with proven CVD benefit, either as
add-on to metformin or as monotherapy if intolerant to metformin
(Table 1)'17,24,47—49

GLP1RAs are contraindicated in patients with a personal or fam-
ily history of medullary thyroid cancer or multiple endocrine neoplasia
syndrome. Two main concerns surrounding the use of GLP1RA in KTR
are renal function and gastrointestinal (Gl) side effects. There is limited
experience with most GLP1RA in patients with severe renal impair-
ment; in particular, exenatide IR, exenatide ER, and lixisenatide should
be avoided in patients with creatinine clearance (CrCl) < 15-45 mL/min
(Table 2). In the general population, 10%-45% of patients receiving
GLP1RA experience Gl symptoms including nausea, vomiting, and diar-
rhea, which are also a common reason for early drug discontinuation.
Greater than 90% of KTR receive tacrolimus and mycophenolate for
initial maintenance immunosuppression, both of which are well known
to cause Gl side effects primarily diarrhea in approximately 40% of
users.” Hence, kidney allograft dysfunction and preexisting Gl issues
may preclude the initiation of GLP1RA in certain KTR. After initiation,
slow dose escalation of GLP1RA is recommended to mitigate the risk
of Gl side effects.

3.1.2 | Literature summary in kidney transplant
Search terms resulted in 201 results, with nine articles meeting the
review criteria on GLP1RA use for the management of T2DM or
PTDM in KTR (Table 3). Four articles included other SOT recipients
and reported the results in aggregates. All articles were single-center
retrospective observational studies. Prospective comparative inter-
ventional trials of GLP1RA have not been reported in this population.
The most commonly assessed GLP1RA was dulaglutide (N = 8), fol-
lowed by liraglutide (N = 7), semaglutide (N = 4) and exenatide (N = 3).
One group published their experience with dulaglutide and later com-
pared the same data to liraglutide.>®5! In all studies, GLP1RA were
add-on therapy to the existing insulin or oral antidiabetic agents.
Among seven studies that included timing of GLP1RA initiation, the
median/mean times from transplant to the initiation of GLP1RA were
>2 years in six studies, and the earliest time to initiation was mean
of 11 months post-transplant.>9->¢ The duration of follow-up ranged
from 3 months to 24 months.

All nine studies reported the changes in HbAlc and weight from
baseline to last follow-up. A modest HbA1c reduction of .5%-2% was
observed in four studies, whereas no significant change in HbA1c was
found in the other five studies. This inconsistency in glucose lowering
efficacy may be due to the heterogeneity of baseline HbAlc among
the studies. The largest reduction in HbA1c (from 10.04 + 1.61% to
8.14 + .83%, p = .047) was observed by Liou et al. whose study cohort

had poorly controlled T2DM at baseline.>” Variable weight loss of .2-
9.9 kg was observed in seven studies with no significant changes in the
remaining two studies.?9->325-58 Since diabetic nephropathy is a pro-
gressive disease, it was not possible to assess renoprotective effects of
GLP1RA without adequate control arms. In eight studies that included
eGFR, either no significant changes or slight improvements from base-
line were reported.’?-5355-58 Of note, no study reported worsening
eGFR on GLP1RA therapy. Three studies included data on proteinuria,
with no change in two studies and a decrease in one study.>3>°:58

Consistent with the general population data, Gl symptoms were the
most commonly observed side effects, followed by injection site pain.
Hypoglycemia was observed as most patients were on other antidia-
betic medications, and severe hypoglycemia was not common. Kukla
et al. and Sweiss et al. observed pancreatitis in 5.9% and 4.2% of their
study cohorts, respectively.’2>> Since many studies excluded patients
who did not continue GLP1RA therapy, the rates for drug discontin-
uation cannot be accurately assessed from the available literature. A
total of 20 patients were reported discontinuing GLP1RA due to Gl
symptoms (N = 9), non-specified adverse effects (N = 4), cost (N = 2),
headache/dizziness/rhinorrhea (N = 1), weakness (N = 1), pancreati-
tis (N = 1), pancreatic cancer (N = 1), and uncontrolled DM (N = 1).
No specifics regarding concomitant immunosuppression agents on Gl
symptoms were mentioned.

Seven studies reported the need to reduce concomitant insulin dose
and/or oral antidiabetic agents after GLP1RA initiation.?%°1:5356:58
The mean reduction in insulin dose ranged from 4 unit/day up to
30 unit/day across the studies. Particularly in Kim et al. study, replac-
ing prandial insulin of 20.5 + 8.4 unit/day with dulaglutide was effective
for glycemic control over 6 months (HbA1c 7.0% vs. 7.1%, p = .53 and
fasting glucose 145.43 mg/dl vs. 123.62 mg/dl, p = .03) and decreased
the basal insulin dose from 24.76 unit/day to 15.24 unit/day (—9.52
unit/day, p < .001).°>* There has been some concern that GLP1RA-
induced gastric emptying delay may affect tacrolimus exposure.®’
While tacrolimus or CNI doses were lowered to maintain levels in two
studies, four studies observed no significant effects on tacrolimus lev-
els with GLP1RA therapy.>3-8 Putting these together, the impact of
GLP1RA on tacrolimus levels seems minimal and manageable by ther-
apeutic drug monitoring. Rejection episodes and patient deaths were
reported in two studies; however, the authors did not comment on the
association with GLP1RA therapy.>%:52

3.1.3 | GLP1RA summary

The literature on the use of GLP1RA in KTR was limited to retrospec-
tive studies without controls. The effects on HbA1c and weight, as well
as Gl side effects, with GLP1RA in KTR were comparable to that in the
general patient population. In KTR on concomitant insulin therapy, a
significant reduction in insulin dose is anticipated after the initiation of
GLP1RA and glucose levels should be closely monitored to avoid hypo-
glycemia. CNI exposure seems to be minimally impacted by GLP1RA
therapy, but CNI therapeutic drug monitoring appears to be warranted.

There was no study evaluating effects on cardiovascular outcomes.
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3.2 | SGLT2i agents

3.2.1 | Overview in General Population

SGLT2i agents block glucose reabsorption in the proximal tubule to
induce glycosuria and thereby decreasing blood glucose through an
insulin-independent mechanism.° These agents reduce HbA1lc by
.5%-1% and carry a low risk for hypoglycemia.? In addition to the
effects on glycemia, SGLT2i have shown to improve cardiovascular
outcomes in patients with ASCVD and heart failure (HF) and be reno-
protective in CKD patients (Table 1).18:62-68 With labeled indications
for T2DM, CKD, and now HF regardless of ventricular ejection fraction,
SGLT2i have become attractive agents for many patient populations.
These agents have also been shown to increase magnesium levels
which could be beneficial to KTR with chronic hypomagnesemia and
improving cardiovascular outcomes.®”’? However, the support for
their use in KTR remains unclear. The main concerns surrounding the
use of this class of medications in KTR is increased risk of genitouri-
nary infections in an already immunocompromised population and
an initial increase in serum creatine noted in the general population
(Table 2).25

3.3 | Literature summary in kidney transplant
Search terms resulted in 151 results, with eleven articles meeting
review criteria on SGLT-2i use for the management of T2DM or PTDM
in KTR. Prospective data on the use of SGLT2i in KTR include one
placebo-controlled trial, two pilot studies, and one observational case
series. The remaining seven articles are retrospective reviews (Table 4).
The most commonly assessed SGLT2i was empagliflozin (n = 9), fol-
lowed by canagliflozin (n = 5), and dapagliflozin (n = 5), as well
as one study also reporting use with luseogliflozin, ipragliflozin, and
tofogliflozin. Of note, luseogliflozin, ipragliflozin and tofogliflozin are
not available in United States. The duration between transplant and the
start of SGT2i varied between studies. The earliest reported use was at
3 months.” Two studies allowed the use of SGLT2i at 6 or 12 months
post-transplant, however, the average start times were much greater
at 69 and 36 months, respectively.”273 On average, the majority of
the studies reported at least a 1-year duration between transplant and
SGLT2iinitiation. While the duration of follow-up ranged from 1 month
to >5 years across all included studies, most patients were followed
<1lyear.

The majority of trials required stable renal function as an
inclusion criterion with most reporting average baseline eGFRs
>60 mL/min/1.73 m2.71-80 Similar to reported data in non-transplant
patients, an initial increase in SCr was most commonly seen within
the first 1-2 months after initiation and then recovered to have no
significant difference thereafter.”27376.7880 |n the study by Lim et al.,
15.6% of the population noted > 10% decline in eGFR at 1 month
(“dippers”) that appeared to recover by month 5.7 However, the

authors note that there was no significant difference in the eGFR

between dippers and non-dippers at any point in the study. Starting
SGLT2i within 397 days and mean tacrolimus levels were identified
as independent risk factors in the dipper group. In addition, SGLT2i
users have a significantly lower doubling time for SCr compared to
the non-users. As it relates to glycemic efficacy, Halden et al. reported
that an eGFR >60 mL/min/1.73 m? had greater HbA1c reductions and
was also the only study to find a significant increase in hemoglobin and
hematocrit.”? Three studies found increased serum magnesium levels
and three studies reported decreased uric acid levels.”2-7> No studies
showed a sustained significant difference in worsening renal function
in KTR treated with SGLT2i.

Reported average baseline HbA1c at SGLT2i initiation varied from
6.5% to 9.3% (Table 4). Reductions in HbA1c varied between .1% and
1.9% with the concomitant use of other antihyperglycemic agents.
Several studies showed a significant decline in HbA1c when baseline
HbA1c was > 8%.717277.79 As noted above, HbA1lc reduction was
greater with eGFR > 60 mL/min/1.73 m2.72 One strategy for adjust-
ing concomitant medications was to reduce the dose of insulin by
25% when initiating SGLT2i and titrate according to glucose control.”*
Monotherapy with empagliflozin 10 mg daily had worse glycemic out-
comes necessitating the initiation of insulin in 50% of patients at
4 weeks and low persistence at 1 year (57% drop out) due to poor
glycemic control.”3

Impact on weight reduction was variable with the use of SGTL2i
(Table 4). In those that reported significant decrease, the changes in
weight varied from .7 kg to 2.95 kg.”1-737>77.81 Baseline renal func-
tion did not determine weight loss.”? There were no studies that
reported an increase in weight with SGLT2i use. Additionally, AlKiindi
et al. reported a significant reduction in body mass index (BMI) from
32.7 + 7.2 kg/m? at baseline to 27.4 + 4.2 kg/m? at 12 months.”” Based
on review of the studies included in the table, a decrease in weight of
~1-2 kg is commonly seen after SGLT2i initiation with declines seen as
early as 1-3 month that are maintained thereafter.

Consistent effects of SGLT2i use on blood pressure in KTR appear
to be mixed. Most studies included found non-significant reductions
in blood pressure. Of the two studies reporting significant blood pres-
sure reductions, there was only one study to report a significant
reduction in SBP of 8 mm Hg at 6 months and only one study that
found a significant difference in diastolic pressures in those who had
remained in the study at 12 months.”%73 Of note, there were two stud-
ies that reported patients who had reductions in their antihypertensive
medications.”274

The most commonly reported adverse event after SGLT2i initiation
was urinary tract infection (UTI). Those with a prior history of UTl were
more likely to be affected. One study reported a patient with a history
of recurrent UTI was hospitalized due to urosepsis while another study
reported one patient hospitalized for diabetic ketoacidosis with a con-
current UTL.”27? Three studies had exclusion criteria for patients with
ahistory of UTl and one study required unspecified prophylactic antibi-
otics in patients with a UTI history.”%747>77 Conversely, four studies
reported no significant differences in increased UTI risk compared to

non-SGLT2i groups.”737881
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3.4 | SGLT2i summary

The majority of the studies reported at least a 1-year duration between
transplant and SGLT2i initiation and most follow up periods were < 1
year. The effects on HbA1lc, eGFR, and weight with SGLT2i in KTR
were comparable to that in the general patient population for the peri-
ods evaluated. Effects on blood pressure were inconsistent in SOT.
This could be attributed to the concomitant use of CNI or corti-
costeroids; however, this was not specifically studied. These agents
may also be beneficial by helping to increase magnesium levels and
decrease uric acid levels. The most reported adverse effect was UTI.
While rates appeared similar to that of the general population, SGLT2i
should be used cautiously and only under close supervision in KTR
with known risk factors or predisposing conditions for UTIs such as a
history of recurrent UTls, urinary retention, voiding dysfunction, ure-
thral strictures, urinary obstruction, neurogenic bladder dysfunction,
or catheterization which are often excluded in these studies.5283 There

was no study evaluating effects on cardiovascular outcomes.

3.5 | DPP4i agents

3.5.1 | Overview in general population

DPP4i agents work to inhibit degradation of incretins, resulting in
increased levels of the incretins glucagon-like peptide-1 and glucose
dependent insulinotropic peptide. Linagliptin, sitagliptin, saxagliptin,
and alogliptin are FDA approved as adjunctive therapy or monotherapy
for treatment of T2DM. Gemigliptin and vildagliptin are not cur-
rently available in the United States, however, are utilized for T2DM
in various countries. Although sitagliptin, saxagliptin, and alogliptin
require renal dose adjustments, linagliptin may be used in renal
impairment without dose adjustment. Due to lack of additive anti-
hyperglycemic benefits, combination use of DPP4i with a GLP1RA is
typically avoided?’ (Table 2).

According to the ADA, DPP4i are typically recommended in addi-
tion to metformin in patients without established ASCVD or CKD and a
compelling need to minimize hypoglycemia in the general population.t’
DPP4i have intermediate efficacy with lowering HbA1c with reduc-
tions of approximately .5%-1%. Given its minimal impact on weight,
DPP4i may also be used as add on therapy to SGLT2i agents in patients
with a compelling need to minimize weight gain or promote weight loss
with HbA1c results that remain above target (Table 1). DPP4i have not
shown any renal protective effects in the general population with no
significant changes to eGFR or serum creatinine in the SAVOR-TIMI
study.84

Gl effects are the most common side effects of DPP4i, including nau-
sea, vomiting, and diarrhea. Given pancreatitis has been reported with
DPP4i, caution has been taken to avoid DPP4i in patients with pancre-
atitis or at risk of pancreatitis.8> Hypoglycemia risk with DPP4i use has
remained low. An increased risk of HF hospitalization in patients with
cardiovascular disease has been observed with use of saxagliptin and

alogliptin, limiting its use in patients with HF. The EXAMINE study com-

pared alogliptin to placebo and showed an overall higher incidence of
HF hospitalization in patients with HF who received alogliptin (2.2%
vs. 1.3%) that was statistically significant.2¢ A meta-analysis of DPP4i
use found that all DPP4i (excluding saxagliptin) were not associated
with an increased risk of HF (OR: 1.05; 95% Cl: .96-1.15).87 As aresult,
guideline recommendations state DPP4i (excluding saxagliptin) may be
utilized as add on therapy in patients with HF; however, other agents
are preferred.l’

3.5.2 | Literature summary in kidney transplant
Search terms resulted in 62 results, with 15 articles meeting review
criteria on the use of DPP4i in kidney transplant for the management
of T2DM or PTDM (Table 5). Fourteen studies solely evaluated KTR
and one study evaluated both kidney and liver transplant recipients.
Eleven studies were retrospective evaluations and five studies were
prospective (four randomized controlled trials, one prospective single
center pilot study). Linagliptin was the most commonly assessed DPP4i
with five studies evaluating its use, followed by four studies evaluating
sitaglipin as the sole DPP4i. Only three studies evaluated a small por-
tion of patients on DPP4i monotherapy, demonstrating a decrease in
HbA1c with no significant changes in weight.®8-70 One study evaluated
sitagliptin monotherapy, however, majority of patients required other
diabetes medications for glucose control at end of follow-up analysis.”*
All other studies evaluated DPP4i in combination with other glycemic
agents. Baseline eGFR was lower in studies evaluating linagliptin given
no renal adjustments are necessary for its use. Majority of studies eval-
uating any DPP4i had an average baseline eGFR >60 mL/min/1.73 m2.
There was wide variability in the mean/median time from transplant to
DPP4i initiation in the nine studies that reported it (Table 5). The ear-
liest start to DPP4i initiation was < 24 h after kidney transplant, with
most studies evaluating use > 1 year post-transplant. The duration of
follow up ranged from 2 months to 24 months. Baseline HbA1c values
that were reported in 12 studies ranged from approximately 5% to 9%.
Of the 14 studies that reported HbA1c, 11 studies reported a
decrease in HbA1c with use of a DPP4i, ranging from .1% to 1.4%.
However, only three studies reported a decrease in HbAlc with
DPP4i monotherapy, with only one study demonstrating a statisti-
cally significant decrease.8%:79.92 Although 24 patients received DPP4i
monotherapy in this study, 71 patients received other glycemic agents
with a decrease in HbA1c of 1.4% (p < .0001) for the entire cohort.”2
Changes in weight were not reported in six of the 15 studies. Eight
studies reported no change in weight with one of these studies demon-
strating a non-significant increase in weight. Only one study observed
a minimal decrease in weight of approximately .4 kg.”® Eleven studies
showed DPP4i use had no impact on eGFR, with one study demon-
strating a mean increase in eGFR of 15.77 mL/min/1.73 m2 (p <.0001).
Change in eGFR was not evaluated in three studies. The most common
adverse effects reported including elevated liver enzymes, pancreati-
tis, UTI, Gl effects and headache with sinusitis. No side effects with
DPP4i use were reported in three studies. Although minimal hypo-

glycemia was reported in seven studies, majority of these patients
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Post-transplant Management of T2DM and PTDM

Insufficient data exist regarding any empiric adjustments to concomitant antihyperglycemic agents and/or
immunosuppression and therefore should be adjusted based on patient-specific factors with close
monitoring of therapeutic drug levels and glucose levels

Flowchart summarizing the reviewed evidence for novel antihyperglycemic therapies in PTDM with GRADE recommendations

FIGURE 1 Guidance for incorporation of novel antihyperglycemic agents in management of T2DM/PTDM in KTRs

were also receiving either insulin therapy or other glycemic agents. Of
the eleven studies reporting discontinuation of DPP4i, eight studies
demonstrated no discontinuation of DPP4i therapy. The most common
reason for discontinuation was hyperglycemia.

Adjustment of concomitant glycemic medications was discussed in
three studies.”947> One retrospective, single center study based in
Mexico evaluated linagliptin 5 mg daily with a starting dose of basal
bolus insulin regimen of approximately .5 unit/kg/day and adjusted
according to international guidelines.?® A single center in Australia
managed uncontrolled blood glucose on linagliptin therapy with either
a sulfonylurea or metformin, depending on renal function.?> Additional
insulin therapy was utilized if blood glucose remained out of target
range. Lastly, a single center in the US utilized sitagliptin as the ini-
tial treatment alone of PTDM with discontinuation of other glycemic
agents. However, majority of patients required additional glycemic
agents for blood glucose control at end of follow-up analysis.”> One
study reported an increase in cyclosporine levels with sitagliptin
therapy.”® However, majority of studies demonstrated no changes in

calcineurin trough levels with DPP4i therapy.88:89.91,97,100-102

3.5.3 | DPP4i summary

Although majority of the literature evaluating DPP4i use in KTR is lim-

ited to retrospective studies, current evidence demonstrates DPP4i

may help reduce HbA1c in this patient population in combination with
other antihyperglycemic agents with minimal adverse effects and dis-
continuation. Majority of studies observed stable calcineurin inhibitor
trough levels with DPP4i therapy.

4 | CLINICAL QUESTIONS/CLINICAL GUIDANCE
FOR USE

Upon review of the literature, the following clinical questions were
addressed to assist with guidance of practice along with a summary
algorithm (Figure 1)

4.1 | Which agents provide the greatest glycemic
control and metabolic risk reduction in KTRs with
T2DM/PTDM?

GLP1RA:

GLP1RA (dulaglutide, liraglutide, semaglutide), in combination with
other antihyperglycemic agents, reduces HbAlc in stable KTRs with
T2DM/PTDM (2C).

GLP1RA (dulaglutide, liraglutide, semaglutide) as monotherapy may
reduce HbA1c in stable KTRs with T2DM/PTDM, although data are limited

to non-transplant population (2D).



LAWRENCE ET AL.

2% | \WILEY l(:linil:ul TRANSPLANTATION

GLP1RA (dulaglutide, liraglutide, semaglutide) can reduce weight in
stable, obese KTRs with T2DM/PTDM (2B).

SGLT2i:

SGLT2i (canaglifozin, dapaglifozin, empaglifozin), in combination
with other antihyperglycemic agents, reduces HbA1c in stable kidney
transplant (1B). Most significant benefit seen when HbA1c > 8% prior
to SGLT2i initiation.

SGLT2i (canaglifozin, dapaglifozin, empaglifozin) monotherapy is
unlikely to significantly reduce HbA1c in stable KTRs with T2DM/PTDM
(2C).

SGLT2i (canaglifozin, dapaglifozin, empaglifozin) may reduce weight in
stable KTRs, however results are variable and with no reports of weight gain
(2D).

SGLT2i (canaglifozin, dapaglifozin, empaglifozin) may reduce blood pres-
sure in stable KTRs, however results are variable and modest (2D).

SGLT2i (canaglifozin, dapaglifozin, empaglifozin) may increase serum
magnesium concentrations, potentially minimizing the hypomagnesemia
that is frequently experienced after kidney transplantation (2D).

blood pressure in stable KTRs, however results are variable and modest
(2D).

DDP4i:

DPP4i (alogliptin, linagliptin, saxagliptin, sitagliptin), in combination with
other antidiabetic agents, moderately reduces HbA1c in stable KTRs with
T2DM/PTDM (1B).

DPP4i (alogliptin, linagliptin, saxagliptin, sitagliptin) monotherapy mildly
reduces HbA1c in stable KTRs with T2DM/PTDM (2C).

4.2 | Which agents provide the greatest
cardiovascular and renal benefits in KTRs with
T2DM/PTDM?

GLP1RA:

GLP1RA (dulaglutide, liraglutide, semaglutide) use in KTRs with
T2DM/PTDM and established CVD may reduce major adverse cardiovascu-
lar outcomes, however cardiovascular outcomes were not directly studied in
this population (2D).

GLPI1RA (dulaglutide, liraglutide, semaglutide) use in KTRs with
T2DM/PTDM and moderate CKD may reduce the incidence of new-onset
or persistent macroalbuminuria, however data in this population are limited
(2D).

SGLT2i:

SGLT2i (canaglifozin, dapaglifozin, empaglifozin) use in KTRs with
T2DM/PTDM and established CVD or HF may reduce major adverse car-
diovascular outcomes, however cardiovascular outcomes were not directly
studied in this population (2D).

SGLT2i (canaglifozin, dapaglifozin, empaglifozin) use in KTRs with
T2DM/PTDM may reduce progression of chronic kidney disease, however
data in this population are limited (2D).

DPP4i:

Long-term cardiovascular or renal protective benefits have not been
demonstrated with DPP4i use (2D).

4.3 | What is ideal timeline to start specific agents
post-transplant balancing risks and benefits in KTRs
with T2DM/PTDM?

GLP1RA:

GLP1RA (dulaglutide, liraglutide, semaglutide) can be initiated at least 1-
year post-transplant in stable KTRs with T2DM/PTDM (2B). GLP1RA use
can be considered in the first post-transplant year, however data supporting
initiation during this timeframe are limited (2C).

GLP1RA (dulaglutide, liraglutide, semaglutide) use should be reserved
for stable KTRs with eGFR > 45 mL/min/1.73 m? (2B). GLP1RA use in
the setting of renal dysfunction (eGFR < 45 mL/min/1.73 m?) post-kidney
transplant is limited, however experience from non-transplant populations
suggest use is safe with renal impairment (2D).

SGLT2i:

SGLT2i (canaglifozin, dapaglifozin, empaglifozin) can be initiated at least
1-year post-transplant in stable KTRs with T2DM/PTDM (2B). SGLT2i
use has been reported as early as 3 months post-transplant and can be
considered in the first post-transplant year (2C).

SGLT2i (canaglifozin, dapaglifozin, empaglifozin) use should be reserved
for stable KTRs with eGFR > 60 mL/min/1.73 m? (2B).

SGLT2i (canaglifozin, dapaglifozin, empaglifozin) use should be avoided
in KTRs with a significant history of urinary tract infections (2C).

DPP4i:

DPP4i (alogliptin, linagliptin, saxagliptin, sitagliptin) can be initiated
at least 1-year post-transplant in stable KTRs with T2DM/PTDM (2B).
DPP4i use has been reported as early as 24-h post-transplant and can be
considered in the first post-transplant year

Alogliptin, saxagliptin, and sitagliptin use should be reserved for stable
KTRs with eGFR > 30 mL/min/1.73 m? (2B).

4.4 | What monitoring parameters should be
followed in the renal transplant population for novel
antihyperglycemic agents?

In additional to the routine HbAlc recommendations for monitoring
by ADA, the following monitoring parameters are suggested for the
following drug categories:

GLP1RA:

KTRs using GLP1RA should be closely monitored for gastrointestinal
adverse drug effects (e.g., nausea, vomiting, and diarrhea), pancreatitis, and
injection site pain (1A).

SGLT2i:

Renal function should be assessed monthly for monthly x 3 followed by
every 3 months, at minimum, in KTRs using SGLT2i, with dose adjustment or
drug discontinuation as needed for renal insufficiency (1A).

Note: Comparable to reported data in non-transplant patients, an
increase in SCr is commonly seen within the first 1-2 months after initiation
that self-resolves

KTRs using SGLTZ2i should be routinely monitored for volume status and

other factors predisposing risk for diabetic ketoacidosis (1A).



LAWRENCE ET AL.

l Clinical TRANSPLANTATION WILEY L2

KTRs using SGLT2i should be closely monitoring for signs and symp-
toms of genitourinary infections. Long-term safety data on the effects of
prolonged glycosuria are lacking (1A).

DPP4i:

KTRs using DPP4i should be closely monitored for pancreatitis and
elevated liver enzymes (1A).

4.5 | How should concomitant antihyperglycemic
agents be modified with the addition of novel
antihyperglycemic agents?

GLP1RA:

Insulin dose requirements and need for other antihyperglycemic agents
may be reduced in the setting of GLP1RA use. There is insufficient data to
support empiric adjustments (2B).

SGLT2i:

Insulin dose requirements and need for other antihyperglycemic agents
may be reduced in the setting of SGLT2i use. There is insufficient data to
support empiric adjustments (2C).

DPP4i:

No empiric modifications to concomitant anti-hyperglycemic agents are
recommended with the initiation of DPP4i (2B).

4.6 | How should immunosuppressive therapies be
modified with the addition of novel
antihyperglycemic agents?

GLP1RA:

Empiric adjustments to transplant immunosuppression with initia-
tion of GLP1RA are not recommended. Close monitoring of therapeutic
drug levels is encouraged as small studies report CNI dose reduc-
tions in combination with GLP1RA use, however a mechanism for drug
interaction is unclear (2D).

SGLT2i:

Empiric adjustments to transplant immunosuppression with initiation of
SGLT2i are not recommended (2B).

DPP4i:

Empiric adjustments to transplant immunosuppression with initiation of
DPP4i are not recommended (2B).

5 | CONCLUSION

This comprehensive review of the literature for use of novel antihyper-
glycemic agents in KTR with either T2DM or PTDM permitted mean-
ingful conclusions surrounding existing data. In summary, GLP1RA
agents appear to have similar impact on HbA1c and weight loss in
KTR as the general patient population. Use of GLP1RA agents is often
impacted by Gl adverse effects, especially in the setting of concomitant
medications that also have Gl adverse effects. More data are required

to determine long term effects on cardiovascular outcomes. SGLT2i

agents demonstrated comparable effects on HbAlc, eGFR, and weight
in KTR as the general patient population. Positive results regarding
blood pressure control seemed to be more unreliable in KTR compared
to the general patient population. The most common adverse effect
with SGLT2i agents in KTR was development of UTls, which requires
close monitoring in this immunosuppressed population, especially in
the setting of more intense immunosuppressive states. DPP4i agents
demonstrate the ability to reduce HbA1c in KTR in combination with
other antihyperglycemic therapy with minimal risk of adverse effects.
Management strategies are succinctly summarized within the algo-
rithm (Figure 1) which demonstrates approaches for incorporation of
novel antihyperglycemic agents.

It is important to note that while the provided guidance may be
utilized to help direct clinical practice, this guidance is predominantly
based upon small, retrospective studies and case series. Using the
GRADE system recommendation, many of the summary statements
are based upon moderate to very low quality of evidence and highly
susceptible to change in confidence of estimated effect if prospective,
randomized controlled data were to become available. Despite the limi-
tations of existing data, the potential for these novel antihyperglycemic
agents in KTR with T2DM or PTDM is promising. Multicenter, ran-
domized, controlled studies in the solid organ transplant populations
with these novel agents would significantly add to the recommen-
dations provided, especially considering the significant need for data
regarding initiation within the first year post transplant. As additional
data emerges, especially with GLP1RA and SGLT2i agents, and poten-
tially the newly available GLP1RA/glucose dependent insulinotropic
polypeptide tirzepatide, these novel agents may end up proving to be,
in the words of the Atlanta duo OutKast, “sweeter than a plate of yams

with extra syrup.103”
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