CONVEGNO NAZIONALE CONGIUNTO SIN - SID
La Malattia Renale Diabetica (DKD): Presente e Futuro dell’Approccio Integrato Nefro-Diabetologico

TEAM WORK FOR WORK SUCCESS (i\
RIMINI, 2 OTTOBRE 2019 S0
: 0‘\'3\0
2 et
N \’\Q\\a '\d\\'a
GO
«500\‘ d\\’&\\a
labete e trapianto renale
Diabete e trapiant I TS
\)\v - (3
036‘ o‘\\‘e
() S
&«\ 66\ a® e,
N\O ‘ (Gg oSn TN
Q\6 A ® o
: : O ‘(\a\e eesii & DIABETES
Lorenzo Plemon&@\ﬂb O<\g\ - ReSEARCH
a\/O ‘O(\G BRRKEHE INSTITUTE
e\
Professog&ﬁ%i%cﬂﬁélogy
Viteéﬁ‘?ﬁ %éaﬁ affaele University
.\"\\]QQ {\(}e
‘ Qo%'\ Q@ﬂ:’cor Diabetes Research Institute
0\‘3 San Raffaele Scientific Institute, Milan

http://dri.hsr.it



Renal function in
nonrenal (pancreas-
islet) solid organ
transplantatio

N
O\

?eeéﬁl é\‘e?fql'x
igbBte

Pancreas/islet-
Kidney
transplantation
in diabetes
mellitus

(PTDM)
in kidney transplant
recipients

L Piemonti- Diabetes Research Institute
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. . n . Proceedings From an International Consensus g\
P I D I\/I " d efl n I'tl O n a n d d I ~ Meeting on Posttransplantation Diabetes M @\Q
. C Recommendations and Future Dlrectlon i Havien,®
KrenTr, ™
. i . Woune,
Tacklmg antlAbodg incomp A. Sharif"*. M. Heckingz' A.P. J. de Vries®, Cme @&mm Adnan VHEELER'®
« Better identification of do. E. Porrini®, M. Hornum®, %ﬂf hb nh\\kna =
First successful « Desensitisation (to confror S. Rasoul- Rockenschaub?, G. Berlakovich?, \\6
. : = M. Krebs®, A. Kautzky-Will G. Schernt
kidney transplants « Kidney paired exchange to P M:dfem GauP:cYm IAerOJD Sc ern m A o eenng was held in Vienna on Septem- ,
Tacrolimus Y . 2 m 11 13, to discuss diagnostic and therapeutic ual is
Azathioprine Usmg marglnal kidni J. L. Larse% K. Budde K ELIe ges surrounding development of diabetes
. idl . h I « Donation aft rdi J. Pascual™, A. Jardine'* \a us after transplantation. The International Expert ms
and steroids Cic osporin Mycophenolate onation arter cardi T.G. Valderhaugw T Panel comprised 24 transplant nephrologists, sur-
mofetil » Extended criteria or¢ and M. D. SéiemannZ geons, diabetologists and clinical scientists, which
o Machine =~k iam met with the aim to review previous guidelines in light
N i Table 1: Diagnostic criteria es melhi%a pred|abetes by the American Diabetes Association (ADA)
* Normoth
. . r - 1
Living dnor.mr: 3\>"\’ ,)(6 ADA
SXparsio Diabetes (N Symptoms of diabetes plus RPG =200mg/dL {11.1 mmol/L) OR FPG = 126 mg/dL (7.0 mmol/L)
G OR 2HPG =200 mg/dL (11.1 mmol/L) during an OGTT OR HbAlc> 6 5%
gbtes \
Opportunities paire ucose FPG 100-126 mg/dL (5.6-6.9 mmol/L)
PP Y. ¥ Y. M Y. @ ose tolerance FPG < 7.0mmol/L AND 2HPG 7.8-11.0 mmol/L
c eMrisk of diabetes HbAlc 5.7-6.4%
\ aI glucose tolerance FPG < 110 mg/dL (5.6 mmol/L) AND 2HPG < 140 mg/dL (7.8 mmol/L) AND HbAlc <5.7%

Threats
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Rejection,
allograft loss,
early mortality
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RPG, random plasma glucose; FPG, fasting plasma glucose; 2HPG, 2-h plasma glucose after an oral glucose.

unequivocal hyperglycemia accompanied by acute metabolic decompensation. Symptoms of diabetes include polyuria, polydipsia and

E Poor

e ‘o‘
&O \ 6\ A confirmatory laboratory test based on measurements of venous plasma glucose must be done on any subsequent day in the absence of

unexplained weight loss. Random plasma glucose is defined as any time of day without regard to time since last meal. Fasting is defined as
no caloric intake for at least 8 h. The oral glucose tolerance test should be performed using a glucose load of 759 anhydrous glucose

Cardiovascular disease %ﬂ BK virus dissolved in water.
« Post-transplant d|8 §\®
* Hyperlipidaggigy \l attrition 0 mmoll) = IFG
=Pt &" @\6 o ) « Patient-reported From New-Onset
‘;?@»ustlcm rug nephrotoxicity outcomes c
moc ficu » Tacrolimus « Quality of life Diabetes After
Virus » Ciclosporin Malignancy _«Drugadherence | Transplantation (NODAT) SR
. . New-onset
Post transplant diabetes: rates ranging from 2 to 53 diabetes aft Back to g/l (11.1 mmolf) = IGT
percent. Lack of consensus regarding the definition I:raenseslaanter Posttra nsplantation b the 2 hour OGTT cut-off will identify more
q . i i G test.
and diagnosis: a) random glucose levels greater than > Diabetes Mellitus ~ fom e FPatest
(NODAT)" (PTDM) ce; OGTT, oral glucose tolerance test; PG, plasma

200 mg/dL; b) fasting glucose levels greater than 140
mg/dL; c) need for insulin or oral hypoglycemic agents

in the posttransplant period 2003

consensus on
definition and
diagnosis

2014
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Time posttransplantation (days)

Day 0-45 Day 46-365

ROUTINE BLOOD TESTS SCREENING TESTS
Presence of hyperglycemia 1. OGTT

(Do not diagnose as PTDM) 2. Fasting/random glucose

3. HbAIC? <\ ©

O“ N anagement of

Pasg‘a ﬁl%ntation Diabetes Mellitus (PTDM)
S

\ -y

Management of posttransplantation
hyperglycemia

* Day 0-7: insulin $ )
* Day 8-45: insulin. oral 6 ti-hyperglycemic agents

hyperglycemic ageqt . (\1
AR

QA@AYC %OQ&‘%S days may underestimate PTDM and require corroborating.
AR~
‘GQ “e( PREDIABETES

Random glucose plus Random glucose: Any time of the day without regard to

. e @ 3 z >200 mg/dL ¢ 3
. q a Q 0 classic hyperglycemia >11.1 mmolL time since last meal

COMMENTS

symptoms or crisis : Polyuria, polydipsia, lained weight loss

Impaired fasting glucose 126 me/dL

Fasting plasma glucose > 100 < 126 mg/dL Sy & F No caloric intake for at least 8 hours
% z > 7.0 mmol/L
>5.6 < 7.0 mmolL

\oP
0\ 2-hour plasma glucose lmpaited Stucoes

: tolerance > 200 mg/dL Using glucose load of 75 g anhydrous glucose dissolved in
fgm :1:;:;\] SinEose > 140 < 200 mg/dL > 11.1 mmol/L water
>7.8<11.1 mmol/L

HbAIC should be measured in a NGSP-certified
laboratory. The purpose of the NGSP is to standardize
Ticreased diabates Yk HbAlc_ test rcsuh_s to those of the Dia?bercs _Conu-ol and
HbAIC HbAIC 5.7-6.4% >6.5% Complications Trial (DCCT) and United Kingdom
T Prospective Diabetes Study (UKPDS) which established
the direct relationships between HbAlc levels and

Sharif A et al Am J Transplant. 2014;14:1992-2000. outcome risks in patients with diabetes.

L Piemonti- Diabetes Research Institute



PTDM: epidemiology

Evidence for

association

incidence (%) to mortality

Average

accumulated
Kidney ~10-20%
Liver ~30-40%

Heart ~20-30%
\
4 e(
Lung 6‘0‘6 QEQLO%
(GQ

0\‘39 ?6

Adapeted from Sharif A et al Am J Transplant. 2014;14:1992-2000.

extensive evidence

Autosom

m@ﬁ&

036 50‘

09\ 69Q

€$,L @@ewdence

O(\ hazard ratio from 1.15
to 1.62

some evidence
hazard ratio from 1.2
and 1.5

<\ ©
some é@@§ Gg?lonalcohollc steatohepatitis,

HCV infection with cirrhosis

Non asian

None

Cystic fibrosis

- Eide IA et al. Transpl. Int. 29, 568—

578 (2016).

- Valderhaug, TG et al. Diabetologia

54, 1341-1349 (2011)

- Cosio FG et al. Kidney Int. 67,

2415-2421 (2005).

- Roccaro GA et al. Am. J.

Transplant. 18, 207-215 (2018)

- KimHJetal. Circ. J. 81, 806-814

(2017)

- Hackman KL et al. Transplantation

101, 2200-2206 (2017).

- Hackman KL etal. Am. J.

Transplant. 14, 438-445 (2014).
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PTDM: epidemiology

The incidence of early PTDM and impaired

glucose tolerance over the past 20 years in a

national cohort of recipients of kidney New cases of PTDM at different time points
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Hjelmesaeth J et aI erhau \lg von Diring ME et al.
Trgyg%\a?: t' Tran 07) 1123"?'1)'71lngfs> Adapted from Porrini, E. L. et al Nephrol. Dial. Transplant. 31, 495-505 (2016).

WHO-based OGTT criteria

O‘\QQO ? whlte people

8-10 weeks after Tx
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PTDM: epidemiology o
Evolution of PTDM and prediabetes ‘ (\ad \\@)\
A\
B PTDM = Prediabetes Nog@@l @@5
o
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\4 \Z
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Adapted from Porrini, E. L. et al Nephrol. Dial. Transplant. 31, 495-505 (2016) | Piemonti- Diabetes Research Institute



PTDM: pathogenesis

[ T T R T R A T I T R e R R e \
H Pre-Transplant i) Post-Transplant ! . \\6 6\
Genetic * Older age Cessation of dialysis I Immunosuppression K *
variables | | * Family history of type 2 * Improved appetite 0\6 \\a

diabetes mellitus * Relaxed diet/obesity Glucocorticoids Calcineurin Qet al. ‘{ra . a 17
* Race: African-American, — inhibitors — Family history,

Nag\ﬁAmerimn, Sirolimus Heckinget al. Diabetes Care )@\6 1 Hepmag&ose output genes and age Transplant-related causes

and Hispanic ; m
. Hepatitis% icpannd hepapc Pﬂﬂf rea 6 * Prednisolone
 Obesity glucose production |.-.4_.u|. }é A\ﬂ_@ﬁ * Calcineurin inhibitors
* Inflammation release + mTOR inhibitors

e % ( * Viral infection (HCV
l——> Positive energy balance B S— \ 6\ and cytomegalowms}l
$ N@@ * Low levels of magnesium
‘ID Ose uptake — m
r—; A=mmmmmmmmmmna .
?@ . J@&en etal. Transpl. Int. 2017 A : not yet demonstrated in PTDM
— o)\ % %\ r______ Brain _ _
Alterations in adipose tissue Y \e Fat mass ; Meurotransmitter dysfunction
el 2 Increased adiposity fectlon al 1 Glucose uptake '
* Altered free fatty acids L &b (\ .
* Altered adipokines \\a Kidney Small intestine
(\ T Renal gluconeogenesis Insufficient incretin signalling
4 1 Reabsorption of glucose

Halden et al. Diabetes Care 2016

not yet demonstrated in PTDM

.\c)‘QA s

Adapted from Chakkera HA et
(2013). Diabetes care, 3

£3 M
0\‘390

‘k\@e

Adapted from Porrini, E. L. et al Nephrol. Dial. Transplant. 31, 495-505 (2016)

pcoll ucrow'y
capacity

New onset diabetes mellitus after kidney transplantation
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PTDM: pathogenesis
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Effects of immunosuppressive agents on B-cells and insulin-sensitive tissues th@a&%g\@\@fDM
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: \Ca
PTDM: risk factors 9%

Non-modifiable Modifiable* i E7\ H1gan specific diagnosis

African American, Hispanic Hepatitis C virus! Obesity 50 d\ End stage kidney disease due to
Age > 45 years Cytomegalovirus? (body um§%¢ > Oﬁ S polycystic kidney disease
Male recipient Pretransplant IGT/IFG LDI. i}lku]é(
Family history of diabetes Proteinuria da End stage liver disease due to
mellitus Hypomagneseimia® $ ne, sirolimus HCV infection or non-alcoholic
Human Leukocyte Antigen 6@0 . Q‘ 1n D deficiency steatohepatitis (NASH)
(HLA) mismatches o ?\ \& o\
HLA A30, B27, B42 $’L ) g\(\@ End stage lung disease due to
Acute rejection history O?\e o cystic fibrosis
Deceased donor 6\, O
Male donor X2 d \‘6(6
Genetic polymorphis 3(‘3 e\'&
(e.g. TCF7L2 rs7%99803%. e\le‘
PPAR-0 153 é( (\C
o ©

Pham PT, Sidhu HS, Pham PM, et al . Endotext April 2019
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PTDM: sequelae o2
96\9\21\\
: L ) \,&,&\'\9(\ \d\\a\\
PTDM was associated with: (6P @
- mortality of patients a\\,&%oa é\d\\@
29 <@
- graft loss oedo\%o(\\,e‘

increased risk for infection and SSQ,‘.AI\SQ N
. . . 29 .
urinary tract infection, pnegr@@?ﬁ\\ae @ﬁ’é?cytomegalowrus (CMV)
- diabetic complicatior&@* 0(\(3\“3
- Ketoacidosis 9\’0 \©
- Hyperosm%@if} qet
- ophthaioit Gerfiplications
- ‘Q\Q@r&?g‘{@%omplications

0\6906}1yp8&ycemia/shock

2\
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PTDM: sequelae 0\ab6x0\0g\
6

@)
The range of complications attributed to PTDM and their evidence base 8;2#;“;? R \gi@@ned g‘r"g;h,IE‘S;ZO'F',(}B'&CFSEE)QLZ?
I|ne
N, 0‘5\6

0 50 100 150 200
Time after transplantation (months)

Number at risk

NGT 638 466 117 35 0
IFG 217 183 127 15 0
IGT 313 237 125 27 0
PTDM 242 183 111 13 0

Valderhaug TG et al. Diabetologia (2011)
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PTDM: mortality 009"

S

O

NOMPR

-
: \\
Study Study design and Number of renal Follow-up \'@\\%u
data source transplant recipients Nondiab %G\ 8\‘9@ PTDM
\6 tes
Revanuret al. Retrospective, 939 N \)\@5?’&6(6 9 39%* (insulin- 499"
(2001) single-center y 066‘ 50« dependent?®) 0
1,811 (18% with @(\ © 2 o\
Cosio et al. (2002) Single-center pretransplantation \ an Q}ears 16% 31% 22%

diabetes, 20% &l@

: N RR 1.87, 95% Cl 1.60—
Kasiskeet al. (2003) USRDS registry 6&1\%(6\0(\ 3 years not reported not reported 2.18 (P <0.0001)
(6\'66\9\‘ Associated with all- No associations with all
< ,
Kuo et al. (2010) oL . OS\‘G 37,448/ Median 548 days not reported causg and cause or cardiovascular
\"\\]&t bese\() cardiovascular ortalit
S ?6 mortality v

* UnIessQ1erW|se indicated, outcome data relate to the mortality rate.
t10-year patient survival.

ssThe numbers of patients who had pre-existing non-insulin-dependent diabetes mellitus before transplantation and those with coexisting diabetes (patients with end-stage renal
disease of other cause but with concomitant diabetes), were too small to analyze.
IlIndividuals with a functioning graft 1 year after transplantation.

L Piemonti- Diabetes Research Institute :



PTDM: mortality

a Overall mortality in kidney transplant recipients
50
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O\QQ 5

(\0
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€ Major cardiovascular e@%tmn{\%\ recipients
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Years following transplantation

Trond J et al Nature Reviews Endocrinology 15, 172-188 (2019)

b Overall mortality in heart transplant recipients

60

|[=Normal —Pre-DM PTDM{\@\\
50 6\6
0

G
\ ©
O$«Q‘ Gg ' 1 l | T |

Years following transplantation

d Overall mortality in lung transplant recipients
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Graft failure rates:

Study

Revanuret al.

(2001)

Kasiskeet al.
(2003)

Cole et al.
(2008)

Matas et al.
(2008)

\69
Kuo &t al.
(2010)

Study design
and data
source

Retrospective,

single-center

USRDS regist

Retrospective,

USRDS regist

Retrospe
SG C?
AN ?e

OPTN/UNOS
database

Number of renal
transplant recipients

PTDM and acute reJ \%te.f@ﬁ\@

All-cause graft failure

Rates similarin

939 nondiabetic transp (g
PTDM o)
PTDM LY % &°
ry 11,659 ‘eg

27,707 first kldne

Tx reC|p|ents
ry

(ya
(6\ 48(@6‘(‘1% renal Tx

|ents w/o diabetes
at transplantation

37,448 patients with a
functioning Txfor more
than 1 year

@\%
8ra§t§¢w

ejectlon OR1.43
OR 1.24

Acute rejection more
impact than PTDM on 15-
year graft survival. Both
were independent risk
factors

Not associated with PTDM

Outcomes . \'3
Death-cen rk@@s\&eath with a
loss 6 functioning graft

NP g8
o0 N\
5\
ng{@e%orted not reported
PTDM: RR 1.46 not reported
P <0.0001 P

Acute rejection: OR
1.15
PTDM: OR 1.41

Acute rejection: OR 1.60
PTDM: OR 1.12

Acute rejection had a
greater impact than
PTDM on 15-year death-
censored graft survival

not reported

Associated with acute
rejection, but not with
PTDM

Not associated with
PTDM
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PTDM: mortality and cardiovascular dlse@gsv@

\
\‘3
A\ \\?}\
Kaplan—-Meier estimates of patient survival in the Kaplan-Meier estlm naI })Iant recipients
three different groups of renal transplant recipients free of cardiac It{g different groups.
(o) \
N 2°
100 4 = e - 6 E Q = — ey
TR e [ommm] «\6‘36 o\ %»G‘L oLy |
a0 = __"— H
e (.)$ (Ggal? | B
s 6 . Q =
Eg, S :
g 1 O a\e L +————— | New-onset PTOM |
= Nege XX P TOM ,g\(\ i
z ' 5 B0+
g 907 O, @ :
[ \O j=
@ 6@ (6 m
20- @0 N g
Q@( é}m\@s before transplantation | A 70
Q‘e e\ Diabetes before transplantation
\ I I I I I | | I I 1 1 I
O%\\' ﬂ? e&ﬂ 40 &0 50 100 120 i 20 4 GO B0 100 120
Q Manths since baseling Moriths since baseling

o¥

Hjelmesaeth J et al. Kidney Int. 2006 Feb;69(3):588-95
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Study Study design Number of renal graft Follow-up
and data recipients
source

Kasiske et al. _.

(1996) Single-center 706 Mean 7 yrs

351 patients w/o diabetes.
1 m post-Tx:

255 euglycemic

44 persistentPTDM

31 resolution of transient
PTDM

Cosio et al.

+
(2005) Mean 40 + 14M

Single-center

de Mattos et Single-center

al. (2006)  cohort study 922

O e
66\/ 6(6\0(\
Hiel th Single-center 138 w/ (ﬂ,}}etes\‘a
:e Im(ezsc;;aG) observannaIé ‘%I 8 yrs
et al tudy 8pr€\ tmg diabetes
o oet
\09

Multicenter,
retrospective
analysis of
pooled data

Israni et al.

(2010) 23,575

Median 4.5 yrs

?\@“

Results
Risk factors for CVD CVD events
\Q
Pretransplantation diabetes, but not PTDM \O\Og
PTDM associated with development of ischemic
heart disease, but not independent of other g re@@\&?
variables: RR 2.22 6 6\\

6\\6Inc \&%of CVD events significantly

FG 5.0-5.5 mmol/l: HR 1.0 (referenc @u}} @%’ner in patients with IFG or persistent

FG 6.1-6.9 mmol/I: HR 2.4 \ \\a TDM (23% for both combined),

PTDM group with FG >6. x /Ié—l i(@ compared with those who were
él

Persistent PTDM at euglycemic (11%) or had resolved
Prlor,i\e(%v%nt R i’gé

PTDM (10%)
edg&s HR 3.94
R 2.89

(\y at transplantation: HR 2.67,
\/Iultlple rejection episodes: HR 2.05,
Pretransplantation dialysis >1 year: HR 1.79

176 patients (19%) experienced 201
cardiovascular events (4.42 events per
100 patient years)

29% of deaths attributed to CVD

PTDM associated with increased risk of a major
cardiovascular event: HR 3.27, but no significant
change in all-cause mortality

8-year cumulative incidence of cardiac
death or nonfatal acute myocardial

. . . : infarction:
Pretransplantation diabetes not associated with .
increased risk of a major cardiovascular event 7%: No diabetes

J ! 20%: PTDM

but strongly associated with all-cause mortality:

O A ——— :
HR 5.09 21%: pre-existing diabetes

Cox proportional hazard analysis for coronary
heart disease within 3 years: pretransplantation
diabetes, adjusted HR 2.41; PTDM, adjusted HR
1.86

not reported

L Piemonti- Diabetes Research Institute



PTDM: Management 02

O\
(\66\2\,&;\\
I N \’\,6\\6 é\d\\‘a
- Pre transplant risk assessment 6P @
SOY . AN
- Correction of modifiable risk factor a\\’& 665\6

- Early treatment of post tran@s\‘@ntaﬁgn hyperglycaemla
- Immunosuppressme\@é’é&dgﬁ% to risk
- Therapy of dlglaefeé@@é\ﬁltus

- Mana m’@rue@f other cardiovascular risk factors such as

§fon and dyslipidemia
0\@99‘@% yslip
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\O\OQ\

PTDM: Pre transplant risk assessment o
yoto (}\@\6"\&
Gold standard: OGTT before putting patients on the waiting list f@?@]@g‘é}\splantation

. e .
« Mandatory screening for: 0 d\,@\\’&
* risk factors for PTDM a\\’& 66\

« fasting plasma glucose (performing an OGTT in KTx C@dl’%%tes\l@ﬁtﬁ a FPG of 92-125 mg/dL should be
considered) c© N

\ O
« other evidence of the metabolic syndrome $’(\ © 2 o\
« other cardiovascular risk factors \“ . (Gg
ST \ O
‘\0

O
* Pre-transplantation risk scor&i@? ge/v%re proposed, but no data are available on their
use 2 e
O
 HbA1c testing Coué]%\bg?%\&s%ful and convenient pre-transplantation screening tool to
identify patient‘sd@g\ (ge@ d risk for PTDM.
 Patients {g{@@%é/\i@#ﬁée of risk factors should be counseled of their risk for PTDM.

. Pa%én‘l% Wit‘ﬁ evidence of prediabetes should be counseled of lifestyle modifications
\' e ding%ietary modifications, thirty minutes of moderate intensity physical activity, and
O¥verall five to ten percent weight reduction

L Piemonti- Diabetes Research Institute



PTDM: regular postTx monitoring of all paéc\ia@m‘g\@

RPN
_ , o , A\ C R
Evidence-based screening guidelines for the early detectlor){g %M\@% lacking
2N
500 ‘ d\\a\\
N S
T
O ey
FBG weekly ?\e\h 5'\9( es yes yes yes
HbAlc - $7/0 ‘ \(\@\3 yes yes yes yes
OGTT - \/0?\6 ° 0(\9 In case of prediabetes, or high risk
SMBG pex@éaa'q‘\@(@%erglycemia, If HbAlc >6%

Q@ﬁ%rt%ﬂ@‘ly for those with blood
‘ aQ(e . 0@3\&5 >200 or those requiring
«5'\\\\‘ ?6‘ Minsulin administration

6\‘390
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A suggested algorithm for glucose lowering in PTI%M x0\°g\
&V %

\6\' _\\2
6‘ '\0‘
Treatment iniziation: If FPG consistently Treatment iniziation: If FPG conS|st rgh ent iniziation: standard glucose
= 126 mg/dl or more than half of random 2 126 mg/dl or more than half of: (G riteria
glucose recordings are 2180 mg/dl glucose recordings are =1 G(\\le’
»(\ @ &
Treatment: Treatment: Treatment:
* Dietary advice and promote physical . Dleta %ﬁﬁ) ote physical « Dietary advice and promote physical
activity when possible t activity
* Insulin &i@i taperlng the dose of * Considering tapering the dose of
?g ?\ olone to 5 mg/daily prednisolone to 5 mg/daily
\,C’ 0 d(\ rescrlbe low dose FK506 if * Prescribe low dose FK506 if
63 P(% considered safe or switch to CyA considered safe or switch to CyA
‘3‘6\0 \3\‘ ” |« Insulin (consider  withdrawal if * Oral agents
GQ \13(6 appropriate, ie insulin dose <20 units * Insulin if needed
Treatment goa per day)
Inpatient: t \t‘ %1@&55 range of 140- » Consider oral Agent
18
Fg%el@nt FPG <126 mg/dl (80-130 Treatment goal: Treatment goal:
mg/dl) FPG <126 mg/dl ((80-130 mg/dl) HbA1c <7-7.5%; avoiding targeting
Postprandial glucose < 180 mg/dI Postprandial glucose < 180 mg/dI HBA1c <6

L Piemonti- Diabetes Research Institute E



DPP4-|
(KTRs with reduced

Physical

activity renal function,
Me:foc:’nelnl patients prone 10 \a .
Behavioural KON Pasenss, hypoglycaemia or Gl Og
therapy particularly overweight (most patients, particular! \
KTRsS, patients with overweight KTRS, p\® 3
CVD, KTRs prone to with CVD e '&ﬁed
hypoglycaemia) renal rw Rs peone
Weight loss ! "’3\93 ‘\
n Insulin
overweight/ (early post-
obese KiRs transplantation period;

KTRs with severely SGLT-2i
impaired insulin secretion (overweight KTRS,
patients with CVD, KTRs
prone 1o hypoglycaemia,
Use % preserved renal function,
immunosuppressive N Y20s no history of

o R 1o MANAGEMENT OF | 13X In overweigh

provide the best KTRs and in patients
outcomes for patient with CHF and/or
and graft survival prone to fluid
retention)

UTl/genital infections)

(avoid in overweight
KTRs, patients with
CVD, KTRs at risk for

hypoglycaemia)

COMORBIDITIES

Dyslipidaemia

Switch from Hypertension

CNI/mTORi Target LOL <100 or 70 mg/dL
(] depending on CV risk. Target SBP s130 mmHg; target
belatacept? Dietary and lifestyle changes. DBP 580 mmHg.

Statins (fluvastatin up to 40 mag/d, CCBs preferred first-line agents,
atorvastatin up to 10 mg/d, pravastatin Avoid potentially diabetogenic
up to 20 mg/d and rosuvastatin up to 5 agents (thiazide diuretics, older

mg/d) ¢ ezetimibe BBs)

PCSK9 inhibitors?
Fish oil if fasting TG >500 mg/dL.

Conte C, Secchi A Acta Diabetol. 2018 Aug;55(8):763-779

L Piemonti- Diabetes Research Institute



Metformin

Sulfonylurea
glinides

Thiazolidinedione

DPP4-i

Insulin

GLP-1 RA

SGLT2-i
0‘\‘390

Disadvantages

Contraindicated if eGFR <30
Gl side effects

Possible vitamin B12 deficiency
Caution if eGFR 30-59
Hypoglycaemia, weight gain, increased CV risk
Dose adjustment in renal impairment

. \,{‘\\]l%tgﬁec"\&@renal impairment (eGFR <45 for
©

lozin, canagliflozin and <60 for
d;?;gliﬂozin); polyuria, increased risk for UTls,
genital infections (all); increased risk for
amputations and fractures (canagliflozin)

Adapted from Conte C, Secchi A Acta Diabetol. 2018 Aug;55(8):763-779

Advantages

No hyopglycaemia, No weight gain,
Reduction in microvascular and
macrovascular endpoints, Low cost

Rapid onset of action, Low cost

Reduction in MACE (empagliflozin,
canagliflozin) and CV mortality
(empagliflozin)

Evidence in PTDM Potential drug-

drug ipderaction
Neutral effect on patient or graft Ng(@g wn
survival e\,
Efficacy in PTDM not 0\3\0
demonstrated d\ .

\\6\\' Glibenclamide—
cyclosporine (1
glibenclamide)
Repaglinide—
cyclosporine (1
repaglinide)
None known
(pioglitazone)
Sitagliptin-cyclosporine
(t Cy trough levels)
Vildagliptin—tacrolimus
(+ FK trough levels)
None known

None known

Canagliflozin—
cyclosporine (1
canagliflozin)

N/A

L Piemonti- Diabetes Research Institute
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Priority 1: mechanistic studies to understand g %p}ant diabetes
pathophysmlogy c\\@

* The relation between B-cell dysfunction and insulin {@é@é r{@@ln the development of post-

Controversies and area of uncertainty

transplant diabetes needs to be understood (\ (\\‘
* The relative importance of [3-cell dysfun hea dh?ulln resistance remains unclear (and
might differ in early vs late post- trans La , although both are probably necessary for

post-transplant diabetes to occ 0 ? \9’5
» Understanding of the undag\ P {@9ﬁy3|ology is of interest because:

« it will enable the S\, rjtég(@r dlfference of post-transplant diabetes with type 1 or type 2
diabetes to cﬁ@cqr‘@é%l
it will pé((yaﬂ 3@3@ rationale for choosing insulin secretagogues versus insulin sensitisers

as @ a
osit\ ’g] ghllght the measures that might be effective for prevention and risk stratification
0\99 of post transplant diabetes

L Piemonti- Diabetes Research Institute E
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Controversies and area of uncertainty _ .«

&¥ W
FE

\

Priority 2: Observational studies of glycaen\lg@ m@bohsm after

transplantation and identifycation of optimum @é@wg@%@ criteria to link to

adverse clinical outcomes d\)\a@ G@a
We do not have data for the following: o 0‘\
. o\ &°
- optimum test (and when) N\O$ 02
« frequency of testing oV e
. . O P
« risk stratification ?/&7, o
« link to outcomes Q?\ ot
» usefulness of I‘ a’rcPonltorlng and intervention (ie, is HbA1c reduction in post-
transplant d@@@te&a@somated with improved long-term outcomes?)
2
é\“\‘age( (\0

L Piemonti- Diabetes Research Institute
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Controversies and area of uncertainty o

Priority 3: clinical trials for prevention and management of post-t@g@p%g\t@ﬁabetes
’\ \&6

« Little data exist for whether lifestyle modification (in the mllet%grﬁ &\@\\%uppressmn) has any
benefit on attenuation of adverse cardiometabolic risk ’&\\

» Despite emerging data for use of glucose-lowering tr@[ﬁ%y @ﬂereductlon of HbA1c, no data are
available to suggest that any therapy reduces am@@ﬁgg\egﬁm adverse outcomes (or even surrogate
cardiovascular endpoints) $ a

* Head-to-head trials of glucose-loweri g;\ther%p)’()‘%nd many other cardio-metabolic interventions)
and assessment of safety and f@: @\Qhe context of solid organ transplantation for adverse
cardiovascular events havengt\bee @éﬁ

« The effect of post %r\s an\toﬁ%betes in the contemporary era of immunosuppression and
competing risks gkafectiafzcancer, and allograft attrition needs to be clarified

* More mformg@@fl | (@e\%ed about microvascular complications and the health economics of post-
transp\?g@éla @@‘é

. N@@% t'for the effect of post-transplant diabetes on patient-reported outcome measures such

0\®§s quality of life, situational motivation scores, and health-related questionaires

L Piemonti- Diabetes Research Institute



Study description Number of  Status Date last Registration

patients updated number

Effects of insulin or oral anti-diabetes mellitus drugs

Early insulin therapy to prevent new-onset diabetes 251 Completed March 2018 NCT01683331 ‘\a‘
276 Completed recruitment May 2018 NCT03507829 O\Og

Sitagliptin to prevent new-onset diabetes in kidney 50 Recruiting May 2018 NCT01928199 \06\'

patients 0\6

Sensor-augmented insulin-pump therapy in new-onset 85 Completed June 2018 NCTDIEJSDI@\

diabetes \\‘a

Empagliflozin inrenal transplant recipients 50 Allrecruited June 2018 &%315? \.a

(EMPA-RenalTx)

Empagliflozinin PTDM 16 Recruiting Aprl@@\' @{13110

Studies focusing on the effects of glucocorticosteroids

Different steroid withdrawal groups and new-onset 152 Recruiting 6 6\\6 Malaﬁtl NCT02095418
diabetes \
Budesonide for liver transplant immune suppression 40 Re, \) G‘\\le October 2018 NCT03304626
Steroid avoidance and low-dose CNland 200 \ @EUUIL’IIB\ November 2016 NCT02083991
ATG-induction (SAILOR) "
Steroid free immunosuppression and CNI minimizati VWQ (thutmg hold January 2015 NCT01560572
and PTDM \ 6\
Studies focusing on other immunosup @9? G
Pilot study comparing low—targ 1‘/8““ Q\(\ 30 Recruiting June 2016 NCT01265537
target Advagraf
DSA formation, diab ‘Q/QI mol;e @q&ﬂusregmen 90 Allrecruited October 2018 NCT02316938
(ADVISE) d@
Everoh&% low-d &lg(hmus inrenalrecipients 234 Unknown September 2014 NCT02036554
Q‘@Q DATﬂI@X&y transplant patients receiving 32 Unknown 2013 NCT01875224
bel@
6\,\ e( .&}dies with vitamin D and magnesium supplementation
‘aQ ? Vitamin D supplementation in renal transplant 320 All recruited December 2017 NCT01431430
0\ recipients (VITALE)

Magnesium supplement and insulin in renal transplant 70 Allrecruited January 2017 NCT01291030
recipients

Lifestyle intervention

Active versus passive lifestyle on glycaemic benefitsin -~ 130 Recruiting October 2017 NCT02233491
renal transplant recipients (CAVIAR) L Piemonti- Diabetes Research Institute




Controversies and area of uncertainty: 90%?
early treatment of post transplantation hypergIX@aaé?ma

\
W2
Hecking ef al. demonstrated that early basal insulin therapy following detection of eStQ& X d\
posttransplantation hyperglycemia (defined as < 3 weeks) reduced the SUW

odds of developing PTDM within the first year after transplantat%rByJ \
A\
» Conventional 100/"_| | | \ 6\ Basal insuli
tihyperglycemic treatment in l n= l l = l l l ‘ | ' " s mtsutlrgl tre’?rt\ment
antihy . was initiate wi a
the control group: treatment Randomized controlled clinigag aI ﬂ% NODAT, . morning dose of 6, 8, or 10

was not encouraged at
nonfasting  blood  glucose
levels <180 mg/dl.

clinicaltrials.org: NTCQ e@:ﬁslaaaﬁdﬁxlcm%ong— L | 10 of isophane insuii ifthe

blood glucose on the

recruitment com pI §y@%&ults are pending at the orevious  evening  was
« Severe hyperglycemia (blood time of th|s T@‘f@ cose threshold for Starting _ >140, 180, or 240 mg/dl,

glucose levels 2250 mg/dl) had respectively.
to be at least intermittently t{@ y remains tO be defmed * The normoglycemic goal

corrected with short-acting V7o was 110-120 mg/dl.
\/ ontnsn(lxehths 12months 3months 6 months 12months - Rapid downward titration of

insulin.
« The sulfonylurea (gliclazide \06 \l@;n(?ml group (n=25) treatment group (n=25) the isophane insulin dose

OGTT Outcome
[% of patients]*

(Diamicron)was suggested as ! \a was prespecified
the pharmacologic oral agent Qa G Odds Ratios [95% CI]
of choice Q
\\\16 < (\O Diabetic versus Non-diabetic Diabetic + Prediabetic versus Normal
‘aQ 6 ?e 3 months 0.36[0.11-1.16] 0.29 [0.08-1.09]
0\ 6 months 0.13 [0.03-0.53] 0.56 [0.16-1.92
12 months 0.27 [0.08-0.95] 0.51 [0.16-1.61]
Overall™ 0.27 [0.10-0.72] 0.43[0.16-1.14]

_. N
: DIABETES

Hecking ef al. JASN April 2012, 23 (4) 739-749 L Piemonti- Diabetes Research Institute
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