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Evidene grades for the recommendations

The following evidence grading has been used to determine the strength of the
recommendations; the suggested audit standards; and the questions for areas that require
future research.

1A- Strong recommendatiorhigh-quality evidence

1B- Strong recommendation: moderatguality evidence
1C- Strong recommendation: lowguality evidence

1D- Strong recommendation: very leguality evidence
2A—Weak recommendation: highuality evidence
2B—Weak recommendation: maate-quality evidence
2C-Weak recommendation: lowjuality evidence
2D-Weak recommendation: very loguality evidence

Search strategy

The recommendations are based on a systematic review of the Cochrane Library,
PubMed/MEDLINE, Google Scholar Bmtbase, using the following key words: type 1
diabetes, insulin, chronic kidney diseasephropathy hypoglycaemia, insulin,
sulfonylureas, metformin, SGZTinhibitors, pioglitazone, DPPinhibitors, GLR analogues
and meglitinides.

Review date March2020
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The management of diabetes is predicated on the basis of reducing hyperglydaemia
improvehyperglycaemic symptoms, with supportive evidence that thispsgent the
onset and slow dowrprogressionof renal andvascular complicationsver time

Thepreciselevel of glycaemic control that delivers benefit remains contentioesause
inevitably, the individualised approach to care and the evidence base from different cohorts
do na allowclear extrapolationThe glycaemic management of type 1 diabetes and type 2
diabetes and the respective renal benefits require separate consideratioichin part
reflectsthe different evidence base and lifetime risks of complicatj@sl the greater risk

for hypoglycaemighat arises wherseveralconcurrenttherapiesare used alongside insulin

as renal function deteriorates

In addition, the risk-benefit equation otighter glycaemic contrdor renal and vascular
complicationsalters as nephropathy chronic kidney diseas€KD progresses

Recent nationatlinicalguidelines have not distinguishd&gtweenglycaemic targets for
those with or withoutdiabetic ngphropathy ON-CKD'2 andconsensus groupsave
extrapolated from contemporary general recommendatipsischas withKidney Disease
Outcomes Quality InitiativekKOQOQIin 2012 whichsuggested a targeHbAlc levebf 7%
(53mmol/mol) in those with CKB

By contrast, thanore recentEuropean Renal Best Practi&RBPguidance in 2015

recognised the lack of prospective randomised trials in &&§e3b or worsgand

suggested ‘“vigilant att e mp[HBALjtvauestwerg B8t5®n gl yc ae
(69 mmol/mol) but recommended against tigat glycaemic contrglgiventhe

hypoglycaemia risk.

A retrospective observational case cohsttidy found that HhAlclevels of <6.5%
(48 mmol/mol) and >86 63 mmol/mol) were associated with increased mortalitypatients
with CKD stage3-4.5

The most recent Cochramellaborative metaanalysis from 2017 found that there were
comparable risks of renal failure, death and major cardiovascular events gpatiegts

with stringent glycaemic control (HbAlc <7% (54 mmol/maB)opposed to those with less
tight control, beyad small clinical benefits on the onset and progression of
microalbuminurigf

Type 1 diabetes

TheDiabetes Control and Complications Trial / Epidemiology of Diabetes Interventions and
ComplicationsCCNEDI¢studiedadolescents and adults with typediabeteswho were
intensively managed for a mean duration of 6.5 years target HoAlc 0f6%

(43mmol/mol) (achieved 7.2%b65 mmol/mol). The study clearly demonstratedredued
incidencefor the developmeni@and progressiomf microalbuminuria angnacroalbuminuria

in the primary and secondary prevention grougaurthermore ongoing surveillancéor up

to 18 years with Iss intensive glycaemic control (Abc subsequently mairgtined ata mean

of 8% (63mmol/mol)) revealed a legacy effecthat isthe intensive group continued to
experience lower rates of incident microalbuminuria and macroalbuminuria but also had less
progression to CK2gtimated glomerular filtration rateeGFR<60mL/min/1.73 nt) and
hypertension At follow-up, howeverthein t e n s i v glycagmio aorgrol was
indistinguishable from the control group

At trial entry, rone of the subjects in DCCT had @KBGFR estimated from creatinine
clearancgCrCliaveraged 128 tdmin in boththe primary and secondary prevention
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groups). Urinary albumin excretion was normal in the primary prevention groupvasd
<140pg/minute (mean 14 pg/minute) in the secondary prevention gréup

A recent countrywide, registry-based observational study from Sweden confirmed the
recognised excess mortality from type 1 diabetes compavitd the general population
even with mearupdated HbAc valueof <62 mmolimol. Increased HbA1c values remath
a powerful risk factor for deathfter adjustment for renal complicationghichindicatesa
residual rig as®ciated with poor glycaemic control.

All-cause and cardiovascular mortalityowever,in those with renal disease was virtually
unchanged for patients with time-updated HbAlof 53-62 mmol/mol versus those with
values of 52nmol/mol or lower, whichsuggessthat there isno additional benefit of tighter
glycaemic control ithose withtype 1 dialeteswho haverenal diseasé@ Thus it would be
appropriate to reduce the delopment and progression of nephropathiatight glycaemic
controlin younger patientgHbAlc targeindividualised to 4858 mmol/mol), with a
requirement to at least maintain moderate contréll§Alcof <63mmol/mol) after a period
of 10 yearsThere are, however,vascular baefits from tight glycaemic controtgrget
HbAlcof 48-58 mmol/mol) over a longer period in younger patients with type 1 diabetes.

Thecurrent UKNational Institute for Health and Care ExcellerdECE guidanceto aim for
the eventighter target HbAlc of 48 mmol/moltilises the DCCT tardétvhich, although
rarely achieved in that study, reducedth the progressiorof microalbuninuriaand
normoalbuminuric progression to microallminuria. FFom intervention studies wittlype 1
diabees patients who havdDN-CKD, there is no current evidenitet renal or other
outcomesare improved byachievingan HbAc d 48 mmol/mol.

While recoqnisingthat individualised care targets should appiymay still be broadly
reasonable to aim foan HbAlLc of 58-62 mmol/molin type 1 dialetes patientswho have
DNCKDand/or CKDstages3—4, unlessvalues of 4858 mmol/mol are achievable in younger
patients(below the age ofi0year9 who areon an intensive démanagement regime with
documentedhypoglycaemna avoidance an@nintensive insuh regime oncontinuous
subcutaneous insulin infusion (C®Hmultiple doses of insulitherapy.

TheJoint British Diabetes SocietielBD pguidelines for patients with diabetes of any sort
who areon haemodialysis recommended HbAlc targets cf@Bmmol/mol This wadased
on Ushaped survival curves at values above and below this range and the inherent
challenge of assessing glycaemic control in the context of related renal angemfieh is
presentin 18-27% of patients with CKD stage 3 and is even more prevalémbse with
more advanced CKB!®The basis forenalanaemia can affect the lel’ef HbALc, with the
normochromic secondary anaemia leading to falsely lower HAddle iron deficiency
artefactually elevatsthe HbAlc valué®

Type 2diabetes

With the exception of youngegratientswho havetype 2diabetes(belowthe age of 40
wherethe lifetime renalcardiovascular diseasesk may justify similar glycaemic targets to
those forpatients withtype 1 diabetesthe evidence base for intensiygycaemic control
comes from severalources with broadly different trial desi@nd outcomes

The Stene? randanised trialwasconductedin 80 patients vith microalbuminuriaand
reported at intervals over 21 yedr®llow-up, followinga mean of 7.8 yearf intensified
glycaemic control as part of a package of multigdediovascular diseagesk fador
interventions and lifestyle modificationAlthough the arget HbAc was set at 48 mmol/mol,
the meanHbA1C that waacheved inthe study with an insulirdominant regime was
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63 mmol/mol. At various time points there was cleariégncethat areducednumber of
complicationswvere evolving and developing, includiegrdiovascular and microvascular
(including albuminurig outcomes.*617

With respectto renaloutcomes, in the Stene2 randomisedtrial there wasa 48% significant
risk reduction irthe progression to macroalbuminurthrough multiple risk factor
intervention. Although the sample size was smtiere wasalsoa borderline significant
reduction in progression to enstage renal diseaggSRD(p=0.06)

One key message of the multiple risk factor approach was ih&eeping with other studies
that demonstraed a legacy effect odarlycontrol, the continued benefits were apparent
after a further 13year followup, despitethere beingcomparative HbAlc levels of

58 mmol/l and 59 mmol/l inthe intensive and control groups at 21 yeaialow-up.’

By conrast, the ACCORD study desigvith a target HbAlc of42 mmolimol and a boadly
based itensive insuh regime) found that, at the stage of CKlintensive glycaemic control
led to increased cardiovascular risid no benefit in terms dhe progression of renal
disease'®

In patients who did not hav€lD at trial entrythere was aelay in the onset of albuminuria
but no reduction irtheir progress towards renal failure or the need for renal replacement
therapy, and this was achieved #te cost ofa high risk for severe hypoglycaensad
increased mortality®

The ADVANCE stydias a pedominantly sulfonylureabased study anit recorded that
intensive glucose contrdd a target HbAlc d8.5% 48 mmol/mal) reduced the
developmentand progression oboth albuminuric andjylomerularfiltration outcomes in
patients withtype 2 dialetes, although the number of events was IG\Over 5 years he
numbers needed to treatNNT) to prevent one enestage renal event ranged from 410
participantsin the overall study to 4participants with macroalbuminuria at baseliffe

The longeiterm, 6-year followup ofthe ADVANCS&udy fourd that, while blood presure
(BP)control deliveredpersistentalbeit attenuated berefitsin terms ofmortality, there was
no evidence that glycaemic control led to macrovascular or mortalityefitsrin the longer
term.2%22

Tworecent metaanalyses demonstratedhat, although intensive glucose contr@iarget
HbAL1c6.1-7.1%(43-54 mmol/mo)) canlead to a reducedhcidence of the surrogate renal
measures ofmicroalbuminuria and macrdluminuriain patients withtype 2 diabetesthere
was no signi€ant impact @ clinical renal outcomes such agoubling of serum creatinine
progression t&ESRPdeath from renal éseaseor othercomplications’324 A more recent
meta-analsis included data from th&¥/eteran Affairs\{A) and UK Prospective Diabetes
Study UKPDJstudies to implythat intensive glycaemic control had benefits in reducing
these hard renal outcomebut the heterogeneity of glyamictargets limits the validityf
that conclusior?®

Given these discrepancighe Cochraneollaboraton hasrecentlyinitiated a review to
examine the efficacy and safety of insulin and other pharmacologicavemnéons for
lowering blood glucose in patients with diabetes and GKD.

The JBDBasalready reported and suggested &bAlc of 5868 mmol/molin paients with
diabeteswho areon haemodilyss, given thehypoglycaemic and cardiovascusafety
consderationsand the inherent inacuracy of HiALc, with falsely lower values in those with
anaemia in the corext of CKDH

On balancewhereasthe lifelong riskthat hyperglycaemiavill lead to thedevelopment and
progression of DMCKD(and othercomplication$ requires a more intensive glycaemic
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lowering strategy in those with early onset type 2 diabetes diagnosed before the age of 40
options for intensive glycaemic control after that point with an insuditensive regimelo
not appear tobe appopriate with HbAlc levelsf <7%(53 mmol/mol)

The recent cardiovascular safety studies with Finaulin based therapies among cohoadfs
patientswith establishedcardiovascular diseasesing empagliflozin and the daily and
weeklyglucagonlike peptide-1 (GLP1) analogues included a cohort with establisHab
CKDand found that these patients had less evolution of albuminuria to evident proteinuria
with an attainedHbAlc of7.3-7.6%(56-60 mmol/mol)

In the Empagliflozin Cardiovascular Outcoeent Trial in Type 2 Diabetes Mellitus Patients
(EMPAREG study group, with the sodium glucose ctransporter-2 (SGLA) inhibitor
empagliflozinvirtually all had establishecardiovascular diseass baselineandall hadan
eGFPRof >30 ni/min/1.73 n?. CKDstage3a was present i7.8%of participantsand 7.7%of
participantshad CKBtage3b. In addition28.7% had microalbuminuria and 11% had
macmoalbuminuria?” The cohort wih areduced eGFR habaseline HbAc of 8.1%
(65mmol/mol), which fell to7.6%(60 mmol/mol)—only 0.3%(3 mmol/mol) lower thanthe
placebo Thus despitehere beingonly modestdifferences in glycaemic contrtiiat was not
intensified incident or worsening nephropathy (progression to madioaninuria)was
reduced by 39%with a 44% risk reduction idloubling ofserumcreatinine Athoughthere
were onlysmall numbersa 55% relative risk reduction in the need for renal replacement
therapy wasalsoseen?” Amore recent evaluation of albuminuria progression confirmed
thesefindings?®

In the Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome
Results (EADERSstudy, the majorityof participants(72.4% had cardiovascular diseas#
entry and 24.7% had CKDhe mean HbZc of 8.7%472 mmol/mol)at entry was set agast
a targe HbAlLc of 79453 mmol/mol) and theachieved HALc with lilmglutide of 7.646(60
mmol/mol) was only 0.49%4 mmol/mol)lower than in the control grouprhere was a 22%
reduction inthe incidence of nephropathyout solely onthe basis of protauria reduction
with no impact on more advanceénal measure$®

In theTrial to Evaluate Cardiovascular and Other Hemm Outcomes with Semaglutide in
Subjects with Type 2 DiabeteSU{STAIMN) with the weekly GLR analoguesemaglutide

the most effective glycaemic treatment was achieved using local best prastablished
cardiovascular diseaseas highly prevalent (83%) and 23.d¢participantshad evident
CKD at trial entryFrom anHbA1c at baseline of 8.7¢62 mmol/nol), the active treatment
led to a reductiorin HbAlcto 7.3-7.6%(56-60 mmol/mol) depending othe dosagewhich
was0.7-1%(7-10 mmol/mol)lower than the control groupNew or worsening nephropathy
was reduced by 36% with active treatmeassentially througlareduction in progression to
macmoalbuminuria°

In these stidies the control group haanodesty poorer glycaemic control without these
beneficial renal outcomesvhich suggests that renoprotective ngtycaemiebased
mechanismsnay explain the dservations.

The followingchapters in thiguidelinewill focusin more detailon these studies and the
availableglucoseloweringtherapiesfor patientswho havediabetes and DNCKD

At present it would be prudent to consider antf\lctarget of 58mmol/mol for most
patients withtype 2 diabetes and DRKD ithey areon an insulindominant regimeanda
targetof up to 68mmol/mol in older patients withmore advancedKDespecially where
they haverenal anaemia

It remains to be seewhetherit is appropriate and safe to haxdower glycaemidibAlc
targetof 52 mmol/molin patientswho aretreated with less insulin anchore GLP1- and
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SGLP inhibitor-focused treatmentsvhenthe eGFRs >30 nl/min/1.73 m¥é, both when a

patient does analoes not have cardiovascular disease

Fromthe current evidege, there is no basis to seek HbAvalues of lower than
52mmol/molin older patientswith type 2 diabetes an®@N-CKD

Conclusion

Individualised HbAl@rgetsshouldbe appledin the management gbatients withdiabetes
andDN-CKDusing the levelsuggestedn Table 1 It is, howeverimportant to ensure that
anaemia habeen excluded oconsideredvhen usingHbAlc to assess glycaemia

addition, given the potential fothe deterioration of renal function over timet least annual
monitoring of GFR is necessam@s this could impact on the type and dosajeliabetes
therapies as well ashie appropriate glycaemic target. The selection of indigictlasses of
agent tailored to the additional comorbidis that arefrequently seen alongsideN-CKD
will also influence therapy selectiomdble 2. In addition certain combinations of different
classes of agents would negdlicious considerationT@ble 3. Although thesecurrent
guidelines focus on the individual classes of gludogering agentcombinations of
different classes will frequently be useaimanage diabetes in patients wittCKDThere is a
relative dearth of studiethat specifically evaluatdifferent drugcombinations in patients
with kidney disease, and this is clearly an area for both further research and current clinical

audit (Table 3.

Tablel Glycaemic targeti patients withdiabetesand DNNCKD

Glycaemic target

Note

Type 1
diabetes

48-58 mmol/mol (6.57.5%)

Younger patient
duration of diabetes and variable
microalbuminuriaCKDstage2

58-62 mmol/mol (7.57.8%)

The majorityof patientswith
proteinuria and/or CK[Btages3—
4

58-68 mmol/mol (7.58.5%)

Patients withCKDstage5-dialysis

Type 2
diabetes

48-58 mmol/mol (6.5-7.5%)

For the majority of patients who
are aged <40 years, or have CK
stages 32 (nobasis to aim for
<52mmol/mol (6.9%) unless the
patient is aged <40 years and hé
CKD stages-2)

52-58 mmol/mol (6.9-7.5%)

For those with CKD stages43
this target may be appropriate
with a GLPI-SGL® inhibitor-
based treatment regime without
insulin

58-68 mmol/mol (7.58.5 %)

For those with CKD stages43
proteinuria who are on an insukn
based regimeand those with
CKD stage 5 who are on dialysis
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Table 2Nonrenal and glycaemicontraindications tdhe selection oblood glucose
loweringtherapies inpatients withDN-CKD

Condition Drug Note

Retinopathy Pioglitazone Absolute contraindication in diabetic maculopathy
Semaglutide Relative contraindication in moderately hyperglycaemic
patients (HbAlc >8.5% (&@mol/mol))who havemoderate
to severe diabetic retinopathycautionis advised

Bone health Pioglitazone Absolute contraindicatiom patients who have hagrevious
osteoporotic fracturesor relative contraindication ithose
with postmenopausal osteoporosis witheuropathy

SGLR Relative contraindication of canagliflozin in patients with
inhibitors established osteoporotic fractureso other currentSGLP
inhibitor bone health limitationsareidentified
Feet health SGLR Absolute contraindication of canaglifloziraifpatient has
inhibitors had previous forefoot amputation and/or active diabetic

foot diseaserelative contraindication of othe8GLP
inhibitorsin similar circumstanceso risk with empagliflozin
isidentified

Cardiac failure| Pioglitazone Absolute contraindication ipatients withestablished
treated heart failure and wherat-risk patients havaraised
serumbrain natriuretic peptide BNB

Saxagliptin Absolute contraindication ipatients withtreated
established heart failure
Pancreatic GLP1 analogueg Absolute contraindication of GLPanalogues whera
health patient hasprevioudy documented pancreatitigelative

contraindication in patientsvho areat risk of pancreatitis
with raised triglycerideghose onsteroid therapythose
usingother agentghat areassociated with pancreatitisr
those withdocumented alcoholism

Bladder SGLP Relative contraindication of athedicationsn this class in
health inhibitors patientswho havedocumented neuropathic bladder and
Pioglitazone recurrent urinary infections

Bladder cancer no current absolute contraindication to
continuation of pioglitazone an8GL® inhibitors relative
contraindication/caution to initiation of pioglitazone and
SGL? inhibitors in those with bladder cancer or without
investigation of unexplained haematuria

Biliary tract Liraglutide Relative contraindication & patient hasactive gall bladder
health disease

Table 3Cautionsvhenusingcombinations of drug class¢o treat diabetesin patients who haveCKD

1 Insulin and sulfonylurea combination in patients with more advanced CKD (stdges 4

2 SGLR inhibitorsand pioglitazone combination in patients with evident metabolic bone
disease

3 Insulin and pioglitazone combination in patients with documented fluid retention and/or
high risk of (or established) cardiac failure

4 The lack of clinical benefitith the combination of DPP4 inhibitorand GLPL. analogue
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Traditionally, the licensingf medicinal products in relation to renal dysfunctiotilised CrCl
to define cutoff points. With the advent of equation related estimated GEBFR), we

would no longer recommend measuring CrCl, wihdcless reliable in the clinic environment.

Wewould recommendhat eGFR is utilisegreferably using the more accura@hronic
Kidney Disease Epidemiology CollaboratoKBEPI) equation when determinirvghether
certain therapies they can be used or &atjusting medication dosagés diabetes®

It isimportant to recognise thaeGFR equations that are currently in uselerestimate
kidney function in obese patients (BMI >8m?) with type 2 diabetes? In these
circumstances, the Cockcrefbault equation could be used
(www.kidney.org/professionals/KDOQI/gfr_calculatoras long as there is appropriate

sick day guidance in effect and that the kidney function is monitored appropriately to ensure

that the treatmentis stopped when the renal function moves out of the licensing range.
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Table 4Practical advice for healthcare workerbho aremanaging patients with type 2 diabetes and CKD (eGFR level) and action to be taken

eGFR level

Medication and action to be taken

Pioglitazone

Nateglinide and repaglinide

Metformin

For all patients

1 Excludea past medical history of bladder
cancer or uninvestigated haematuria, hear
failure or significant fluid retention.

9 Practitioners should weigh up the glycaem
benefit of pioglitazone against the risk of
bone fractures.

9 Consider discontinuing pioglitazone
patients who develop osteoporotic
fractures.

9 Practitionershave toweighup the risk of
hypoglycaemia.

1 Practitioners have to weigh up the glycaemic and
cardiovascular benefits against the rare risk of associated
lactic acidosis.

1 Practitioners should mvide all patients with the information
leaflet Advice for patients taking metformin

>60mL/min/1.73 n?

1 No renal contraindication to pioglitazone.

45-60mL/min/1.73 n?

9 Continue use of pioglitazone in patients wh
are established on the agent but monitor fc
fluid retention 3-6/12ly thereafter.

9 For new patients who have no major fluid
retention, pioglitazone can be started at 15
mg oncedaily, and titrated up, based on the
effectiveness and development of fluid
retention in 2/52ly.

30-45 mL/min/1.73 M

1 In patients who are established on
pioglitazone, monitor for fluid retention
every 3-6/12ly.

9 Patients can be started at 15 mg once daill
and titrated up, based on the effectiveness
and development of fluid retention in

2/52ly.

1 Continue or commence nateglinide or
repaglinide.

9 Advise patients to monitor their capillary
blood glucos€CBG) hours after taking the
medication and to take precautions when
driving.

1 No renal contraindication to metformin.

1 Some of these patients are at increased risk due to other r
factors (see advice for increased vigilance groups in the
bottom row ofthis table).

1 Continue use in patients who were established on the age
but review the dose in light of glucose control needs.

1 For new patients who have no major activenworbidities,
metformin commencement can be considered if agéated
life expectancy is normal and vascular/diabetes risks are
present.

1 Increase monitoring of renal function (to every@months).

1 Continue or commence metformin with caution and explairn
the risks and benefits to the patient.

9 Use the lowest dose that achieves glycaemic control (sugg
a 50% dose up to 1,000g/day).

9 Closely monitor renal function (every 3 months).

© Assaociation of British Clinical Diabetologists 2018
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<30mL/min/1.73 n?

1 In patients who are established on

pioglitazone, monitor for fluid retention
3/12ly.

Patients can be started at 15 mg once dail]
and titrated up, based on the effectiveness
and development of fluid retention in
2/52ly.

Review the dose of nateglinide or
repaglinide if the patient is already taking it
and consider a reduction based on their
CBG.

Advise patients to monitor their CBGh@urs
after taking medication and to take
precautions when driving.

Commence nateglinide or repaglinide at hg
the regulardose.

|l

1

At this level of renal function we cannot give firm
recommendations about the ongoing use of metformin.

Some specialists may choose to use the agent in selected
patients where they see that the benefits outweigh the risk

Pharmacokinetic work wodlsuggest that if metformin is
used, a dose of 564,000mg/day would result in 95% of
people having peak metformin concentrations of <5 mg/L.

Consider measuring the true GFR directly, especially in
patients who are obese. The Cockcr@ault formula may
give a better reflection of eGFR in obese patients, and may
allow the safe use of metformin in patients who have a low
GFR.

Dialysis

Patients can be started at 15 mg once dail]
and titrated up, based on the effectiveness
and development of fluid retention in 2/52Iy
(note the risk of fluid retention is offset by
dialysis)

In patients who are established on
pioglitazone, monitor for flul retention
3/12ly.

Not licensed, but not contraindicated, so it
can be considered.

Continue or commence repaglinide at half
the regular dose.

Advise patients to take precautions when
driving.

Increased monitoring is required while a
patient is on thesagents.

AKI (or at risk of AKI)

Review and consider (temporarily) stopping* metformin in
patients who:

1

1

have acute changes in renal function (a fall in eGFR of
>10mL/min/1.73m2 over a period of days or weeks)
are at riskof AKI such as:
0 acute volumedepletion and dehydration eg
gastrointestinal upset, stomas, change in diuretic dq
0 during operative procedures with a high risk of
hypotension or volume depletion
0 inthe presence ofiypotensioror shock, eg severe
infection
0 intravascular administratioof iodinated contrast
agents (stop metformin on the day of and 2 days aft
X-ray related intravenous contrast use)
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o co-administration with nephrotoxic drugs, eg non
steroidal antiinflammatory drugs (NSAIDs)

0 patients with acute illness who are also on gsuthat
are known precipitants of AKI in associatigith any
angiotensinconverting enzyme (ACE) inhibitors or
angiotensin receptor blockers (ARBs) (such as non
steroidal antiinflammatory drugs (NSAIDs)), especig
combined withdiuretics

1 those with previous episodes of AKI.

* Duration of stopping metformin should be based on the likely periog
risk. In general it should be resumed at a low dose after discharge.

Recovery from AKI

I Once urine flow has returned to normal and GFR is
>30mL/min/1.73m2, resume metformin at a low dose (eg
500-1,000 mg/day).

1 Monitor glucose control in outpatients and primary care
before considering the further need for increasing doses.

Increased vigilance

Increased vigilancis needed for the following groups of

patients who are likely to be at a higher risks of lactic acidosis

even with normal renal function:

1 those with decompensated cardiac or respiratory failure

1 those with acute conditions that may cause tissue hypox
eg recent myocardial infarction (MI) or shock

1 those with hepatic insufficiency, acute alcohol intoxicatio
or alcoholism.
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Recommendations

1 There is no firm evidence that insulin therapy reduces the risk of progressive renal
disease. Therefore the aim of insulin therapy should be to improve glycaemic control
and improve quality of life, with a low risk of hypoglycaemia (Grade 1

2 Insulin requirements are likely to rise in the early stages of diabetic nephrogatiy
due to increased insulin resistance (Grade 1C).

3 As glomerular filtration rate (GFR) declines, insulin requirements are likely to diminish
through reduced renahisulin clearance, and doses should be reduced as GFR declines,
especially in chronic kidney disease (CKD) stage 3b and below. In patients with CKD stage
3b and below who are on insulin, and whose HbAlc is 58 mmol/mol or below, a
reduction of insulin doseshould be considered (Grade 1C).

4 Patients with diabetes and CKD who are treated with insulin should undertake regular
glucose monitoring and be encouraged to manage their own diabetes as far as possible
(Grade 1C).

5 In patients who are less likely to lable to comply with the requirements of a basal
bolus regime, once daily regimes with longeting insulins should be considered
(Grade 1D).

6 If patients have troublesome hypoglycaemia on neutral protamine Hagedorn (NPH)
insulin, conversion to analoguesiniins may be of benefit (Grade 1C).

7 There is no evidence of benefit from biphasic premixed insulin administered once, twice
or three times daily in patients with CKD stage5.3lhis regimen, however, may be
useful in individual patients who have poodgntrolled diabetes on a once daily insulin
regimen (Grade 2C).

8 Care should be taken when combining insulin with a sulfonylurea in patients with CKD
stages 35, due to the high risk of hypoglycaemia (Grade 1B).
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Areas that require further research

1 Does insulin therapy reduce the risk of progressive renal disease in patientSMith

2 s there arole for 50:50 mixed insulins in patients vidiiand progressive renal
disease?

3 Is there arole for continuous subcutaneous insulin infusion (CSIlI) in patient®Mith
and progressive renal disease?

4 |s there a role for biosimilars or insul@LP1 analogue mixtures in patients with CKD?

5 What is the efficacy and safety of differensulin regimes in combination with a
sulfonylurea at different stages of CKD?

Audit standards

1 The proportion of patients with CKD stage 3b and below who are on insulin and whose
HbAlc is 58 mmol/mol or below, whose insulin dose has been reduced.

2 The praoortion of insulintreated patients with CKD stage 3b and below who are
assessed for frequency and awareness of hypoglycaemia and have recorded severe
acute hypoglycaemia episodes that required ambulance assistance.

3 The proportion of patients who have &GFR of <60 mL/min/1.73rtor

<45mL/min/1.73 nt on insulin therapy) in combination with sulfonylureas, and HbAlc
values below 53 mmol/mol.
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The role of the kidneys in glucose/insulin homeostasis

While the liver, pancreas and skeletal muscles play eénbtes in glucose homeostasis, the
role of the kidneys is somewhat underappreciated. In the fasting {g@bsorptive) state, the
kidneys are responsible for around 25% of glucose that is released into the plasma via
gluconeogenesis, and glucose utilisatby the kidneys in the fasting state accounts for
around 10% of total body glucose utilisati®rAround 180 g of glucose is filtered by the
kidneys in 24 hours, most of which is reabsorbed via the proximal tubular sodium glucose
cotransporter2 (SGLR).* In type 2 diabetes, renal gluconeogenesis, glucose uptake and
renal glucose reabsorption ardl ancreased® Furthermore, in people with diabetes, the
relative increase in renal gluconeogenesis is significantly greater than the increase seen in
hepatic gluconeogenesis (300% versus 38%).

In normal subjects, the kidneys play an important rolensulin metabolism. Insulin is freely
filtered at the glomerulus, and 60% of renal insulin clearance relies on glomerular filtration,
while the remaining clearance is via the peritubular ves¥dRenal insulin clearance is

around 200 mL per minute: high#ran normal GFR due to the contribution of renal tubular
secretion®” Therefore, around 68 units of insulin are metabolised by the kidneys each day,
equating to around a quarter of pancreatic insulin secretion in-di@atetic individuals. In
people withdiabetes who are treated with exogenous insulin therapy, the contribution of
the kidneys to insulin metabolism may be greater, due to the lack offass metabolism

by the liver when insulin is given subcutaneously. It is estimated the8 B of systeis

insulin may be metabolised by the kidneys, which highlights an important role of the kidneys
in the metabolism of exogenous insulif.

Glucose homeostasis in CKD

CKD is an insuliresistant state. A number of mechanisms have been suggested tomexplai

this state, including *ekcess panatbysie hocnwneadeto’ ur ae mi ¢
deficiency of active 1,28ihydroxyvitamin D¥? or anaemid' leading to reduced skeletal

muscle glucose uptake and diminished glycogen synthesis. These hypotheses are evidenced

by the fact that dialysis can significantly improve insulin sensitivity by removing uraemic

toxins;{*?the fact that the administration ofaive vitamin D (1,2%lihydroxyvitamin D) may

enhance insulin sensitivit{f,and the fact that improved glucose uptake is seen following the

correction of anaemia with erythropoietiff.

A reduction in GFR may lead to a reduction in insulin clearancearadethis is most marked

at very significant levels of renal impairment (GFR <20 mL/min/1?J3omcause increased
tubular uptake is able to compensate to some extent. Once GFR is sufficiently low, however,
insulin clearance may become markedly reducedding to higher levels of circulating

insulin and a significantly increased risk of hypoglycaéhffa.

Insulin secretion can also be impaired in uraemia. Metabolic acidosis seen in renal
impairment may lead to the suppression of insulin reledsad ekvated parathyroid

hormone may also lead to increased intracellular calcium, which blunts the release of insulin
from pancreatid3-cells. Deficiency of 1,28ihydroxyvitamin D may also be important in

insulin secretion, and the administration of activeavitin D enhances insulin relea$e.
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Insulin therapy in patients with CKD stageg3.

Many oral hypoglycaemic therapies are contraindicated in CKD or may be ineffective in
patients with longstanding type 2 diabetes, and hence insulin therapy is frequently

required. A common clinical scenario is the cessation of metformin or other ghucose

lowering therapies as GFR declines, which necessitates insulin therapy to maintain glycaemic
control.

It is frequently noted that insulin requirements follow a biphasic course in progressive renal
disease. In the early stages of diabetic nephropathy @D, resistance to the effects of
insulin predominates and may worsen, leading to a greater requirement for irfitideed,

the presence of microor macroalbuminuria is noted to be strongly associated with insulin
resistance® Insulin requirements, thefore, are frequently higher in early BBKD, when
albuminuria predominates. As GFR declines, however, insulin requirements may diminish,
with some studies suggesting a 30% reduction in insulin requirements when the GFR is
<60mL/min/1.73 n¥, comparedwith when the GFR is >90 mL/min/1.73.%r>?

The use of insulin therapy in patients with 0D and mild or moderate CKD has not been
subject to randomised study. THypass Angioplasty Revascularization Investigation 2
Diabetes (BARID) randomised tria however, compared glycaemic control with insulin
sensitisation therapy to that with insuliprovision therapy in 1,799 patients with type 2
diabetes and coronary artery disease (CAD), and monitored albumin:creatinine ratio (ACR)
over 5 years® Despitemean glycated haemoglobin (HbA1c) levels being lower in the insulin
sensitisation group compared with the insufinovision group, the ACR increased over time

in the insulinsensitisation group and was stable in the insyliovision group, which

suggestsa protective effect of insulin. Similarly, the effemt ACRf the use oftontinuous
subcutaneous insulin infusion (CSIl) compared with multiple daily insulin {MD&pyhas

been examined* After 4years, patients in the CSIl group had better glucose control and

| ower ACR change, compared with the MDI group
p<0.001). Also, reduction in ACR was significantly associated with CSII treatment, after
adjustment for other factors. The authors suggested that this effect may be due to reduced
glycaemic variability, but there is a need for confirmation in randomised controlled trials.

Use of analogue insulins as opposed to human insulins has been sugae fteidg

protective in patients with DMCKD, but relevant studies have been small and short term.
One study of insulin pharmacokinetics in a small number of patients with type 1 diabetes
with and without nephropathy showed that glucose profiles were ma&@sponsive to

analogue insulin compared with human insufiin patients with type 2 diabetes and
albuminuria, one study suggested that insulin lispro may prevent glomerular hyperfiltration
and reduce the renal effects of mea$sociated hyperglycaemta.

Use of biosimilar insulins (insulin glargine biosimilar, Abasaglar®) and combined insulin /
GLP1 analogue therapies (IDegLira® and.hn®) have not been evaluated in patients with
renal disease.

Insulin therapy in patients with CKD stageg=}(pre-dialysis)

In patients with CKD stage 4 and below, insulin resistance and impaired insulin secretion
remain problematic, due to the factors outlined above (acidosis, anaemia and abnormal
vitamin D metabolism). In addition, however, the loss of clearance dfiinand reduction in
gluconeogenesis in the kidneys often lead to falling insulin requirement and, subsequently,
to a higher risk of hypoglycaemia if insulin is not redutidd.addition, uraemianduced
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anorexia and weight loss may also occur, leadingigaificant reductions in insulin

requirement. Occasionally, insulin requirements may fall low enough to obviate the need for
insulin and allow conversion to oral therapy or the cessation of therapy altogetisame
guidelines suggest a graduabuction of the total daily insulin dose to 75% when the GFR is
10-50 mL/min/1.73 n?, and to 50% for a GFR of <10 mL/min/1.723%°

The use of insulin therapy or the type of insulin therapy has not been subjected to
randomised study in patients with CKD stages. One study suggests that a lower weight
based calculation of insulin dosage (0.5 versus 0.25 units/kg/day) in patients with a GFR of
<45 mL/mirl1.73 n¥ resulted in lower rates of hypoglycaemia, without compromising
control of glycaemi&? A furtherstudy suggests that the use of insulin glargine in patients
with type 2 diabetes and renal impairment may lead to improved cofitrdhis study
examined 89 patients with diabetes and a GFR of around 30 mL/min/L.whmwere

treated with oral antidiabetiadrugs or NPH insulin and had sojstimal glycaemic control or
frequent hypoglycaemic episodes. Such patients were converted to insulin glargine, with
additional fastacting insulin if required. Glucose control improved significantly without
increased hypdgcaemic events. A recently published pharmacokinetic study using insulin
degludec in patients with renal impairment suggested that pharmacokinetic properties

of insulin degludec were preserved in subjects with renal impairment, including in subjects
with end-stage renal diseas® suggesting that no dose adjustment is needed with degludec
in patients with significant renal impairment.

Insulin therapy in patients with enektage renal failure
Insulin therapy in patients with diabetes who are on haemodialysis is dealt with in guidelines
that have been produced by the Joint British Diabetes Societieshaenal Associatiofs.

The use of insulin in combination with a sulfonylurea for patievite have CKD at all stages
should take account of the increased risk of hypoglycaemia (especially in those with CKD
stage 3b or above), although the current evidence base for the enhanced risk is not%trong.
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Recommendations

1

Patientswith type 2 diabetes and chronic kidney disease (CKD) who are on sulfonylurea
(SU) treatment are at increased risk of hypoglycaemia. We therefore advise regular
capillary blood glucose (CBG) monitoring in this patient group. For patients who have an
estimaed glomerular filtration rate (eGFR) of <45 mL/Mi3 n?, CBG monitoring

should be mandatory (Grade 2B).

Gliclazide and glipizide are metabolised in the liver and are therefore the preferred SUs
for patients with type 2 diabetes and CKD. Given the absence of excess cardiovascular
events in a randomised trial, gliclazide should be the preferred choice of{Gmnagle

1B).

We suggest that a sufmaximal dosage of gliclazide and glipizide is used in patients with
an eGFR of <45L/min1.73 n? (Grade 2B).

We suggest that SUs should be avoided alongside inaytiatients with an eGFR of
<45mL/min1.73 n?, unlesghere is clear evidence of the absence of hypoglycaemia
(Grade 2B/C).

We suggest that gliclazide and glipizide
<30mL/min1.73 n?, as this therapy is off licence in this scenario (Grade 2B).

The safety profilesrad pharmacokinetics of glibenclamide, glimepiride and tolbutamide
do not support their use in patients with CKD, and we suggest that they should be
avoided in such patients (Grade 2B).

Areas that require further research

1

What is the relationship between S@dnd hypoglycaemia (with or without concomitant
insulin therapy) in patients with CKD?

What is the SWlelated mortality in patients with CKD?

A headto-head comparison of the efficacy and hypoglycaemic risk between
gliclazide/glimepiride and insulin @r combination.

Audit standards

1

The proportion of patients with CKD who are on SUs and who regularly monitor their
CBG.

The proportion of patients with an eGFR of <30 mL/tir3 n? who are on SUs and
who regularly monitor their CBG.

The proportion of paents who are on individual SUs, according to CKD stage and
frequency of severe acute hypoglycaemic episodes (SAHE), who have recorded
ambulance call outs and hospital admissions.

The proportion of patients with an eGFR of <60 (and <45) mI1n7i® n? who are on
s, and the dosage used.

The proportion of patients with an eGFR of <60 (and <45) m1idi® n? who are on
SUs in combination with insulin therapy who have an HbA1C of 53 mmak6&%).
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6 The documented sick dayuidancethat is provided to patients with CKD who are on SUs
and other agents.

Evidence base

SUs work by closing adenosine triphosphate (ATE)n si t i ve pot a-cebsi um channe
and therefore triggering insulin release. They also improve insulin sensitivity by stimulating
transmembranous glucose receptors in muscle and fat cells.

The first gaeration SUs (tolbutamide and chlorpropamide) were followed by the second
generation SUs (including glibenclamide, gliclazide and glipizide) and third generation SUs
(namely glimepiride).

SUs are metabolised by hepatic cytochrome P450 CYP2C9, althougéattzence of
metabolites (and unchanged drugs for certain SUs) is partly through the kidneys for most
SUs. Therefore, accumulation in renal failure patients, including those on dialysis, may
predispose patients to a risk of hypoglycaemia.

SUs should besed with caution in patients who have a glucdésphosphate

dehydrogenase (G6PD) deficiency, and should not be used in those with-hspéindent
diabetes, diabetic coma, ketoacidosis, or those who are lactating or pregnant. Key side
effects to be consigred for the use of SUs are increased body weight (1.7 kg more than the
placebo within 10 year®and risk of hypoglycaemPfawhich is even higher in patients with
CKD.

There is very little comparative randomised controlled trial evidence of the uS&Jsfin

those with CKD. There is an absence of clear licensing that supports their use in the presence
of severe renal impairment (defined by creatinine clearance (CrClI) of <30 mL/min) and dose
adjustments may become necessary in patients with moderatelriemaairment (initially

defined by CrGif 30-50 mL/min).Theinitial licencedor SUgpredate the current CKD
classification based on eGFR, and this discrepancy undermines the applicability of these
studies to current practice. It should be noted that $lus generally highly protethound

and are therefore unlikely to be dialysed. This can causediabtsis hypoglycaemic

episodes to occur. Use of SUs in patients with type 2 diabetes on haemodialysis is off licence.

The risk of hypoglycaemia in concoraitt diabetes and CKD and the
effect of SUs

Hypoglycaemia is more commonpatients withCKD, due to reduced oral intake and
decreased insulin clearance via the kidneys. In a retrospective cohort analysis of patients
with diabetes from the Veterans Healttssociation, the incidence rate of hypoglycaemia
doubled with an eGFR drop to <60 mL/Min'3 n? (10.72 versus 5.33 per 100 patient
months)%’

Bodmeret aFf analysed the UK General Practice Research Database and demonstrated that
CKD carries a 58% increased risk of hypoglycaemia (odds ratio (OR) 1-53)1VZBen

they compared the drug effect, the risk with SUs was much greater than with metformin
(2.79 (%% confidence interval (Cl) 2:2850)). The study did not specifically look into risk

with the concomitant use of SUs and the presence of CKD.

More recently, a cardiovascular outcome randomised multicentre trial in 3,028 patients with
type 2 diabetes wh were on metformin compared the effect of SUs (gliclazidel20
mg/day or glibenclamide) and pioglitazone, and confirmed that severe and moderate
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hypoglycaemic episodes were more frequent in patients who were treated with SUs than
with pioglitazone (sewe 0% v 2%, p<0.01; moderate 32% v 10%, p<€01).

Hypoglycaemia is underreported due to testing limitations, legal implications for driving and
impaired warning signs. Due to the increased cardiovascular disease burden in patients with
diabetes and CKL0,is considered that hypoglycaemic episodes could trigger fatal
cardiovascular events, but it is difficult to prove this in an appropriately designed clinical
trial. In the Thiazolidinediones or Sulphonylureas and Cardiovascular Acdigtemntention

Trid (TOSCA.IT), there were no cardiovascular outcome differences in patients who were
treated with either SUs or pioglitazone in addition to metformin, but this trial was designed
with higher cardiovascular risk presumption and the event rate was relatloelyhalf that

seen in the PROactive trial). At the start of the study, 21% of patients in both groups had
microalbuminuria and the nephropathy progression rate over 5 years was the same (at
23%)¢%8

In theory, the combination of an SU and insulin in CKdghtibe considered to pose a greater

risk of hypoglycaemia. One retrospective cohort study examined the risk of cardiovascular
disease and hypoglycaemia among US veterans who were treated with an SU who either
switched to or added insulin therapy, with laad ratios (HRs) calculated for those with an
eGFR of %0 mL/min1.73 n?. Among the group who had CKD, there was no suggestion

that either composite cardiovascular disease or new CKD or first hypoglycaemic events were
more common among those who were &ted with SUs who additionally received insiifin.

Gliclazide

Gliclazide is metabolised in the liver to inactive metabolites that are eliminated in the urine.

Due to the increased risk of hypoglycaemia with advancing CKD, the dose of gliclazide might

need to be reduced. Dose reduction is best guided by CBG monitdtiegummary of

product characteristicsSPC) st ates that it is contraindicat
eGFR giveny,but it is not uncommon for it to be prescribed off licence in severe CKD.

Ninety-five percent of gliclazide in serum is protéiound, hence it is unlikely to be dialysed.

In a study of insulin secretagoguedated mortality based on the Danish National Diabetes

Register, gliclazide was the only SU that was not associated with an increased risk of death

(1.05 (0.941.16))™* In the TOSCAT study, 21% of participants had microalbuminuria at

baseline, and those with a serum creatinine of >132 pmol/L were excluded from the trial.

Gliclazide was used at a submaximal dosage €30 mg daily. Analyses pspecified an

eGFR of < and > &L/min/1.73 n?. There were no differences in new or worsening

nephropathy, or in albuminuria progression between the SU and the pioglitazone

comparator group, and these findings were obse
category®®

Glimepiride

Glimepiride is metabolised in the liver to two major metabolites with preserved
hypoglycaemic activity. In renal disease, these metabolites accumulate. Although the half
life of glimepiride is 57 hours, the drug can cause severe hypoglycaemia that lamts m
than 24 hours. In CKD stages 4 and below, the use of glimepiride is dangerous and
contraindicated’
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Glipizide

The metabolism of glipizide mainly occurs in the liver. The primary metabolites are inactive
hydroxylation products and polar conjugatesdahey are excreted mainly in the urine. Less
than 10% of unchanged glipizide is found in urine. In terms of licensing, glipizide is
contraindicated in severe renal failure. Glipizide is unlikely to be dialysed by either
peritoneal dialysis or haemodialgs®

The efficacy and safety of sitagliptin0 mg based on the patient’ s e
(25-10mg based on the patient’s r dpep2daetes monot he
and moderate/severe CKD (off licence) were assessed inngeéK, randomised, double

blind, parallelarm study. Both drugs caused a comparable HbA1C reduction (0.6% and 0.8%

for glipizide and sitagliptin, respectivelfipizide however,caused more synipms of

severe hypoglycaemia (124¥ 6.2%, p=0.001, but no measurement of glucose required for

confirmation) and increased weight (difference: 1.8 kg; p=0.00%ymptoms of

hypoglycaemia cannot be relied upon in patients with CKD, as hypoglycaemicassire

often reduced; hence, CBG monitoring is necessary.

Tolbutamide

Tolbutamide is contraindicated in those with severe renal impairment. It is unlikely to be
dialysed by either peritonealialysisor haemodialysis*

Glibenclamide

Glibenclamiddglyburide) is metabolised in the liver and excreted equally by the kidneys and
intestine. Some metabolites are active and can accumulate in CKD despite the fact that
biliary removal partially counteracts the limited renal excretion. Hypoglycaemia may be
serious and can last for >24 hours in patients with CKD.

The use of glibenclamide in patients with decreased renal function should be limited and it is
contraindicated in those with severe renal failure.
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Recommendations

1 Meglitinidescan be considered for use in patients with type 2 diabetes and chronic
kidney disease (CKD) as a monotherapy (repaglinide) or in addition to metformin
(nateglinide and repaglinide) if other agents are not tolerated (Grade 2C).

2 In patients with type 2 diadtes who are on meglitinides, consider the risk of
hypoglycaemia and advise them about capillary blood glucose (CBG) monitoring
accordingly (Grade 1D).

3 Meglitinide dose reduction is advised in patients with CKD stages 4 and 5 who are on
dialysis (Grade 2C). In these patients, due to hepatic metabolism, repaglinide is advised
in preference to nateglinide (Grade 2C).

Areas that require future research

1 The clinical outcomes of meglitinides treatment in patients with type 2 diabetes and
CKD.

2 Theefficacyandsafetyof meglitinidesin patientswith type 2 diabetesndall stagesof
CKDOn attainingandretainingglucosecontrolasmono, dualandtriple therapy.

3 Theefficacyandsafetyof meglitinideswith backgroundnsulinin patientswith type 2
diabetesand CKD.

Audit standards

1 The percentage of patients with type 2 diabetes and CKD who use meglitinides as
mono or dual therapy, across the rangee@FRs.

2 Thepercentageof patientswith type 2 diabetesand CKDwho are on meglitinidesand
are advisedto monitor their CBGacrosshe rangeof eGFRs.

3 Thepercentageof patientswith aneGFRof <30mL/mir1.73 n? in whomthe doseof
meglitinidesis reduced.

Evidence base

Nateglinideandrepaglinideare rapid-onset,short-actinginsulinsecretagoguethat lower
postprandialhyperglycaemian patientswith type 2 diabetes.Dueto their characteristics,
unlike other oral hypoglycaemialrugs,they providethe benefit of flexibility in eatingand
dosing,but require multiple dailyadministration.Theyare licensedfor useasmonotherapy
(repaglinide)or in additionto metformin (nateglinideandrepaglinide)’®” Themainside
effect of nateglinideandrepaglinideis hypoglycaemiaBoth agentsare metabolised
predominantlyin the liver viacytochromeP450enzymestherefore, all drugsthat induce
or inhibit the enzymesalter their plasmaconcentrationsWhile repaglinideis eliminated
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viabile, metabolisednateglinide with preservedglucoseloweringproperties,is excreted
renally.Nateglinideandrepaglinideoffer additionaltreatment optionsin patientswith
type 2 diabetesand CKD.

Nateglinide

No clinicaloutcomeshavebeenreported from clinicaltrials with nateglinide.

A l-year,doubleblind, placebacontrolledstudyof the efficacyof nateglinide(n=133)
againstgliclazidgn=129)in additionto metformin found no differencebetweenthem
(HbAlcreductionwas0.41%for nateglinideplusmetformin and0.57%for gliclazideplus
metformin). In that study, nateglinidehad a better safetyprofile than gliclaziden patients
with CKDdueto the lower risk of hypoglycaemi&?

Nateglinideis metabolsedin the liver, but its main metabolite retainsa glucoselowering
effect.”® Renalimpairmentdoesnot significantlyalter the excretionof nateglinide,andit is
licensedfor usein patientswith all stagesof CKDWhenrenalfunctionisimpaired,
however,n a t e g | mainmethleolitesis accumulatedand significantlyclearedby
dialysis?'82 |t isrecommendedhat the doseof nateglinideis reducedin patientswith
advancedenalfailure.

Aretrospectivesubgroupanalysigrom all completednatedinide studiesin high-risk
patients(ie thosewith the following characteristicsestimatedcreatinineclearancegCrCl)
of <60mL/min,agedover 64 yearsand +/—low baselineHbAlcof <7.5%)ookedinto the
efficacyand safetyof nateglinidemonotherapy.Nateglinidewasfoundto be effectiveand
well-toleratedin thesepatients. Theriskof documentedmoderateandsevere
hypoglycaemiancreasedoy 0.8%in patientswith CrClof <60mL/min, comparedwith
patientswith normalrenalfunction® A 2-weekstudy of nateglinidein renaltransplant
patientsdemonstrateda significantimprovementin postprandialhyperglycaemiabetter
insulinresponseollowing a standardisedneal;and a goodside-effect profile 84

Repaglinide

Re p a g | efficianaya lovgeringHbA1Q0.58%)s similarto glibenclamideandslightly
better than glipizide.Thereis alower incidenceof severehypoglycaemiawhichmakesit a
more attractive treatment option for patientswith type 2 diabeteswho alsohave CKDThe
incidenceof hypoglycaemias comparableto that of gliclazide®® Repaglinidés metabolised
in the liver and <8%of it is excretedunchangedviathe kidneys.In patientswith advanced
renalfailure, the concentrationof repaglinidedoesincreaseput at a levelthat is not
consideredo be metabolicallyrelevant’® Haemodialysisloesnot changeclearanceof
repaglinide®®

TheMultinational RepagliniddRenalStudyGroupconductedan openlabel safetyand
efficiencystudyin patientswith type 2 diabetesanda CrClof <60mL/minand>20mL/min
(n=130),andthosewith type 2 diabetesandnormalrenalfunction (n=151)(6-weekrun-in,
14w e e kepaglinidetitration up to 4 mgthree timesdailyand 3-month maintenance).
Therewasno differencein adverseeventsor hypoglycaemicepisodegdefinedby
symptomsthat were confirmedby measurementsvheneverpossible or biochemicallyas
glucose< 2 mraol/L)with repaglinideandrenalimpairment. Therewere three deaths
duringthe repaglinidetreatment period, whichwere all judged to be unrelatedto the
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treatment, includingone caseof suddendeathin the renalimpairmentgroup. The
percentageof patientswho had detectablerepaglinidein fastingbloodsincreasedwith
advancingenalfailure, but the dosewastoo low to be consicered metabolically
relevant®’

Cardiovascular safety

Thecardiovasculasafetyprofile of meglitinidesis largelyunknown.Comparedwith
metformin, repaglinidetreatment wasnot associatedvith increasedmortality and
cardiovasculariskin alargecohort of patientsfrom the DanishNationalRegistrywho
were followed for up to 9 years®

Areas of concern

Similarto allinsulinsecretagogueghe sideeffectsof meglitinidesincludeweightgainand
hypoglycaemialn a meta-analysiof sixrandomised controlledtrials that included1,326
patients,the rate of weight gainwith meglitinideswasthe sameaswith gliclazideThe
samestudyfound the incidenceof hypoglycaemiao be comparablebetweenthe two
drugs,but the levelof evidencewaslow.?® Thisisin contrastwith Risticet al,®° who found
nateglinideto havealower rate of hypoglycaemiahan glibenclamidewhichcanbe
relatedto its lower efficacyat glucosdowering. Themeglitinidesclassof drugsshouldbe
usedwith cautionwhenliver diseasds present,dueto the hepaticmetabolism.

In summary hateglinideand repaglinideare attractive treatment options, but they are
underevidencedn patientswith type 2 diabetesandall stagesof CKDjncludingthose
who are on dialysis becausehey provideflexibility in terms of dosing.Dueto its slightly
lower glucoseloweringeffect, the risk of hypoglycaemiamight alsobe reducedwith
nateglinide.lt isrecommendedhat the dosesof both meglitinidesshouldbe reducedin
patientswith advancedCKD(eGFRf <30mL/mir/1.73 n¥), with repaglinidehaving
preferredmetabolismto nateglinide.SeeTable4 for advicefor healthcareworkerswho
are managingype 2 diabeteswith nateglinideandrepaglinidein patientswho have CKD.
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Recommendations

1

Metformin can be used in patients who have diabetes, down to an estimated
glomerular filtration rate (eGFR) of 30 mL/min/1./mM3. The dosage should be reduced
after the eGFR falls below 45 mL/min/1.73 (Grade 1B).

It should be recognised that, in cematircumstances, the eGFR may not give a true
reflection of the actual GERor example in obese patients. In these circumstances,
estimates of GFR using the cystatin C or Cockesaftilt formula may give a better
estimate of GFR and enable metformin to be used even when the indirect eGFR might
contraindicate its use (Grade 1C).

Metformin should be withheld during periods of acute illness, particularly when a
patient has acute kidney injury (AKI). All patients who are treated with metformin
should be given sick day guidanggpendix B (Grade 1B)

Metformin should be withheld prior to and shortly after any procedure that requires
the use of radiographic contrast media (Grade 1B).

Areas that require further research

1 Does metformin reduce the risk of cardiovascular disease in patients with émbhetd
chronic kidney disease (CKD)?

2 Can metformin be used safely in patients who have more significant degrees of renal
impairment (CKD stages%) by monitoring circulating levels of metformin?

3 What effect does the cessation of metformin have on glucasarol and renal decline?

4 How common is vitaminiBdeficiency in patients with CKD who are on metformin?

Audit standards

1 The proportion of patients with CKD on metformin who have received sick day guidance
(Appendix B.

2 The proportion of patients in whom metformin is stopped during acute iliness, but in
whom metformin is restarted on recovery.

3 The proportion of patients with CKD who are on metformin and who have anaemia
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Use of metformin in patients with diabetes

Metformin has been used as a fifihe oral agent for patients with type 2 diabetes for over

40 years and it is endorsed by the National Institute for Health and Care Excellence (NICE)
andall major professional diabetes groupfdt is an inexpensive, safe and very effective

agent that is not associated with either hypoglycaemia or weight gain, both of which occur
with diabetes therapies such as sulfonylureas and insulin. The prescrifftroatformin in
patients with type 2 diabetes can be associated with gastrointestinal side effects at any time,
which may settle down over time and can be minimised with gpandial timing and

dosage adjustment, or conversion to sustained release prejgais The use of metformin
however,has also been associated with very rare cases of lactic acidosis that continue to
receive attention in the medical literature.

TheBritish National Formulary t at e s : Use with c-anoréasedisk i n renal
of |l actic acidosis; avoid in significant renal

that the dose should be reviewed if eGFR less than 45 mL/minute/% &i3do

avoid if eGFR less than 30 mL/minute/1.73 Withdraw or interrupt treatment in

those at riskof tissue hypoxia or sudden deterioration in renal function, such as those
with dehydration, severe infection, shock, sepsis, acute heart failure, respiratory
failure or hepatic impairment, or those who have recently had a myocardial
infarction.

It is apm@mrent, however that many diabetologists and nephrologists use metformin outside

of these somewhat conflicting recommendations. This guideline aims to give practical advice
on the best way to use this drug, in light of this rare associated complicatient@rmed
metformin-associated lactic acidosis (MALA)) and it suggests that in most patients

benefits of metformin greatly outweigh the risks of serious complications.

Benefits of metformin therapy in patients with diabetes

Metformin has achieved a ging evidence base for improving outcomes in patients with
type 2 diabetes. Metformin reduces glucose levels, resulting in an average fall in HbAlc of
around 10mmol/mol (1%) within 46 weeks of commencing therapy. In the UK Prospective
Diabetes Study (UKBD the use of metformin at the diagnosis of type 2 diabetes resulted in
relative risk reductions of 32% for any diabetetated endpoint; 42% for diabeteaslated
death; and 36% for atause mortality compared with diet alone. These effects were
maintaned for 10 years, despite glycaemic control converging within 1 year of folow
between the initially randomly assigned grou& In the UKPDS, 10 patients needed to be
treated with metformin (with an average fall in HbAlc of 0.99®(@mol/mol)) for 10 years

in order to prevent one diabeteelated endpoint.

Vascular risks in patients with CKD and diabetes

It is now recognised #t upwards of 10% of the population are affected by CKD, defined as a
reduced GFR (<60 mL/min/1.73)nor the presence of abnormalities such as albuminuria or
structural kidney problems. There is evidence that up to half of those with diabetes either
havereduced GFR (<680L/min/1.73 n%) or albuminuria, and thus they are at risk of
experiencing a further decline in GFR over time. Excess vascular disease is the main risk if a
patient has diabetes, and this is further increased if a patient has CKD. Thetifoetes

control is important to reduce this risk alongside smoking cessation, and blood pressure and
cholesterol control. Metformin may have an important role to play in reducing this risk.
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Metformin therapy and vitamin B, deficiency inpatients with CKD

Vitamin B, deficiency may be common in patients with diabetes and CKD, and
malabsorption of B with metformin has been considered to be one of the explanations for
this finding?394 Although patients with peripheral neuropathy might be especialbiyiko

have B, deficiency, the impact of this deficiency in patients with diabetiphmepathy (DN)
CKD who are on metformin has not been ascertained and requires further evaluation.

What is lactic acidosis?

Lactic acidosis is a rare systemic disottiat is diagnosed on biochemical testing with
evidence of an elevated lactate level and a metabolic acidosis (a fall in serum bicarbonate,
usually <15 mmol/L, on a routine electrolyte test or a fall in pH on a blood gas sample).
Lactic acidosis is very mmwith an estimated prevalence ofa cases per 100,000
population® It has, however, a reported mortality of 380%. Most cases of lactic acidosis
are due to marked tissue hypoperfusion in shock (due to hypovolaemia, cardiac failure or
sepsis) or during cardiopulmonary arrest. Lactate concentrations relate to outco?fé.

Association between lactic acidosis and metformin use

Metformin is a biguanide. The related compound phenformin was originally linked with an
excess number of cases of lactic asidd4664/100,000 patieryears) and deaths. Coupled
with this and the fact that metformin (usual hdife 1.5-5 hours) is excreted unchanged by
the kidney, its initial licence in many countries warned about its potential accumulation and
lactic acidosisisk in patients with renal failure. Not surprisingly, metformin has been
implicated in a number of case reports and case series, in which it has been associated with
lactic acidosis. These studies, however, have been criticised because there weretloéen o
recognised causes of lactic acidosis (eg hypoxia and haemodynamic compromise).
Furthermore, in some studies there was no relationship between metformin dosage and
lactate levels (higher metformin concentrations were poorly correlated with the degree o
lactic acidosis), and metformin levels did not relate to mort&fify®

The first large populatioibased study to assess this risk critically was performed in Canada
in the late 1990s. Almost 12,000 individuals with metformin prescriptions were fetldar

a number of years, and their hospital admissions were recorded. This resulted in 22,296
personyears of exposure. The primary record review revealed only two cases with
laboratory findings of elevated blood lactate levels, for an incidence ratecagés per

100,000 persotyears of metformin exposure. In both cases, other factors besides
metformin could have contributed to the lactic acidosisNo additional cases were found

on review of death registrations. Further evidence against metformind#ia major cause

of lactic acidosis in case series comes from a large Cochrane review of 347 comparative trials
and cohort studies (including the one above), which revealed no cases of fatal-fatabn
lactic acidosis in 70,490 patiepears of metformm use or in 55,451 patieftears in the
non-metformin group® The size of this study means that the upper estimate for the true
incidence of lactic acidosis per 100,000 patigears is no higher than 4.3 cases in the
metformin group and 5.4 cases in theal hypoglycaemic agent (OHA) group. It was
recognised that, in clinical practice, standard contraindications to metformin (such as heart
failure and mildly impaired renal function) are often disregarded, with 54% to 73% of
patients who are on metformihaving at least one standard contraindication to treatment.

A more recent retrospective review of the UK Clinical Practice Research Datalink (CPRD)
suggested documentation of lactic acidosis or elevated lactate concentrations was

© Assaociation of British Clinical Diabetologists 2018 33



significantly associatedith an eGFR of <60 mL/min/1.73 fadjusted hazard rati(HR)
6.37) with the risk further increased in users of higher doses of metformin in the preceding
year (>730 mg adjusteddR11.8 and >2) adjustedHR13)1®

Current consensus and many reviewsha cases and the literature suggest that metformin
may be a bystander when diabetes patients present with lactic aciéR§$¥8Many consider

that this is particularly the case for diabetes patients with CKD who are at high risk of sepsis,
cardiorespirgory failure and other known causes of lactic acidosis. It is suggested that this is
the reason why clinicians continue to use metformin: in one primary care based study,
approximately 15% of over 4,000 patients with an eGFR of <60 mL/min/2.&&m

receiving metformini® The most recent dose finding and pharmacokinetic study
demonstrated that with dose reductions at CKD stages 3a (1.5 g),@3kafd 4 (500 mg),
metformin levels can be maintained at safe circulating levels (<5 mg/L) without
hyperlactaemia substantially lower than serum levels found in patients with MIALA.

Balancing the risk of MALA in patients with CKD

In summary, for most patients who have diabetes, the benefits of metformin greatly
outweigh the very small lactic acidosis riskk0a40% reduction in cardiovascular and

diabetes events versus an associative risk of lactic acidosis of a maxiiOrefisodes per
100,000 patiertyears. Even if the presence of impaired renal function increases this risk by
10- or even 106fold, the benefits continue to outweigh the risks. The loss of glycaemic
control was seen in practice in a study of metformin withdrawal in patients with CKDsstage
3 and 4 (ie creatinine levels of 320 umol/L) which was associated with poorer glycaemic
control despite increased OHA and insulin use) as well as more weight gain, an adverse lipid
profile and higher blood pressuf€ In recognising that there may be subgroups of patients
who are at higher risk of lactic acidosis (not just impaired renal functimwyever,the

following practical advice for clinicians and patients containebgible 4is relevant andin
general supports the ongoing use of metformin for patients with stable CKD stage 3 and for
some patients with CKD stageadbeit with increased vigilance and dose reductosn to
1,00@;500mg/ day.
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6 Pioglitazone
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Recommendations

1

We recommend that patients with type 2 diabetes and chronic kidney disease (CKD) of
all stages can be considered for treatment wiilbglitazone (Grade 1B).

Pioglitazone should be avoided if there is evidence that a patient has heart failure or
macular oedema (Grade 1B).

Caution is required when commencing treatment in patients who have evidence of fluid
overload. These patients shoutg monitored for fluid retention initially after 2 weeks,
and 3-6-monthly thereafter (Grade 1C).

We advise that patients with CKD who gain more than 20% of their body weight within
the first 2weeks should discontinue pioglitazone (Grade 2C).

Caution isecommended when introducing pioglitazone in patients who have an
increased risk of hip fractures (Grade 1C).

Consider discontinuing pioglitazone in patients who develop hip fractures while they
are on pioglitazone (Grade 1D).

Do not start pioglitazone ipatients who have known bladder cancer (Grade 1B).

We suggest the discontinuation of pioglitazone in patients who have painless
haematuria, until bladder cancer is excluded. This reflects the current National Institute
for Health and Care Excellence (NI@E)ance on type 2 diabetes, pending any
downgrading of NICE guidelines as suggested by the Association of British Clinical
Diabetologists (ABCD) (GradesRL

Areas that require future research

1

© Assaociation of British Clinical Diabetologists 2018

The heado-head comparison of pioglitazone with other ohglpoglycaemic agents, in
terms of safety and efficiency, across the range of estimated glomerular filtration rates
(eGFRs).

The safety and efficiency of pioglitazone in combination with sodium glucese co
transporter2 (SGLR) receptor blockers. For exatapthe benefits of the volume
reducing effect of SGLEX for pioglitazoneénduced fluid retention; cardiovascular risk
reduction; the effect on bone fractures; and the risks of urinary tract cancers with
increased exposure to high glucose concentrations.

The risk of bone fractures in patients who are on pioglitazone, in comparison with other
therapies in patients who hauwgpe 2 diabetesand CKD.

The efficacy and safety of pioglitazone as a thimd oral therapy in patients wittype 2
diabetesand CKD.

The efficacy and safety of pioglitazone use with background insulin in patientsypih
2 diabetes
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6 The potential cardiovascular benefit of pioglitazone treatment in patients tyjtle 2
diabetesand chronic heart failure, where fluid retention is conteal by diuretics.

7 The rate of renal function decline in patients wiffpe 2 diabetesvho are taking
pioglitazone.

Audit standards

1 The proportion of patients wittype 2 diabetesand CKD who are taking pioglitazone
(with or without insulin) across the rge of eGFRs.

2 The proportion of patients witlype 2 diabeteand CKD who are attaining and
sustaining the recommended target HbA1C with pioglitazone as mono, dual or triple
therapy, across the range of eGFRs.

3 The rate of cardiovascular events in patiemso are taking pioglitazone, across the
range of eGFRs.

4 The proportion of patients witliype 2 diabeteand CKD who gain more than 20% of
their body weight within the first 2 weeks of pioglitazone treatment, across the range of
eGFRs.

5 The rate of hip and other fractures among pioglitazaresated patients who havéype 2
diabetesand CKD, across the range of eGFRs.

6 The rate of heart failure that requires hospitalisation among pioglitazoested
patients who haveype 2 diabetesaand &D, across the range of eGFRs.

Evidence base

At present, pioglitazone is the only licensed thiazolidinedione (TZD) in the UK. According to
NICE, pioglitazone can be used as a second thirdline treatment to lower insulin

resistance and improve diabeteontrol in patients with type 2 diabeté®.The attractions

of pioglitazone lie in the low risk of hypoglycaemia and hepatic metabolism, which abolishes
the need for dose adjustment when renal function declif@$0ssible reasons to limit its

use inclide fluid retention and increased risk of bone fractures, but previous concerns about
association with bladder cancer have been largely dismissed.

There have been remarkably few clinical trials with pioglitazone during the past 26 years
when it has been available. A Cochrane review of 22 randomised controlled trials with 6,200
patients who were assigned to pioglitazone found that it reduced HbAXBdoyt 1%, which

is comparablevith sulfonylureas and metformin, but the review found no evidence for
patient-orientated outcomes! The PROactive study, which randomised 2,605 patients with
type 2 diabetes to pioglitazone, found that it decreaseetalise mortality, notfatal

myocardial infarction (MI) and stroke as a composite secondary outcome, when compared
with a placebo (hazardatio (HR) 0.84, 0.79.98; p=0.0273}% Issues with the study design
were considered to have been responsible for the lack of an effect on primary composite
outcome (eg altause mortality, noffatal Ml, stroke, acute coronary syndrome,

endovascular or ggical intervention in the coronary artery or leg arteries and amputation
above the ankle). The study included individual rather than disdasen outcomes for
peripheral vascular disease (eg decision about vascular surgery or amputation). Beyond its
glucoselowering effect, pioglitazone also has a favourable effect on lipids (increlgjhg
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density lipoproteindHDIs) while reducing fasting triglycerides and free fatty acidfs)*

blood pressure (BP) (small, but sustained reduction of systolic astbtic BP by 7 mmHg

and 5 mmHg respectively}; and inflammatory mediators involved in the atherosclerotic
processt! This is particularly relevant to patients with CKD where cardiovascular events are
the main causes of morbidity. A subgroup analysiB0&f patients from the PROactive study
who had an eGFR of <60 (50 + 8) mL/tir8 n¥ confirmed a reduction in a composite
secondary outcome (atlause mortality, Ml and stroke) in the pioglitazemeated group

(HR 0.66; 95% confidence interval (Cl) 60488)1Y

More recently, a §ear, Italian, multicentre, randomised trial of cardiovascular outcomes for
pioglitazone against sulfonylureas (gliclazide or glibenclamide) as aoratddmetformin in

3,028 patients aged 505 years found no difference the primary composite outcome

between the groups® The primary cardiovascular composite outcome was somewhat
different to the now standardly reported threpoint major adverse cardiac events (MACE)
scale and included: atlause death, noifiatal MI, nonfatal stroke and urgent

revascularisation. The study was terminated early due to futility, but this may have been the
result of the power in a lowisk population. Unlike in the PROactive trial, cardiovascular risk

in the Thiazolidinediones or Sulphonyluseand Cardiovascular Accideinigervention Trial
(TOSCA.IT) was much lower; the population was less insulin resistant; and HbA1C at the start
of the study was quite well controlled (7.7%). Consequently, the event rate in TOSCA.IT was
about half that obsered in the PROactive trial. All patients had a serum creatinine of less
than 132 umol/L at trial entry, and 21% had microalbuminuria. There were no differences
between the groups in terms of new or worsening nephropathy or progression in
microalbuminuriaor in subgroup analysis based on an eGFR of < or > 60 mL/min/4..73 m
Additional findings in TOSCA.IT included the superior durability of diabetes control in the
pioglitazonetreated group (treatment failure 13% v 20%; HR 0.63; CH0.38; p<0.01) and

the lower rate of severe and moderate hypoglycaemia in the pioglitazone group (severe <1%
VvV 2%, p<0.0Jand moderate 10% v 32%, p<0.0%¥):1°

t A23fAGHT 2ySQa STFFSOG 2y NByYyIlf Fdzy Ol

TZDs lower microalbuminuria and proteinuria in animal medad CKD patients with and
without diabetes!??123|t can be speculated that protein leak reduction is an indirect, BP
mediated effect. In a placeboontrolled, randomised study in 1,199 patients with poorly
controlled type 2 diabetes (QUARTET), piagtihe reduced microalbuminuria by 19% when

compared with metformin, even though the BP

later were not significant” Whether the reduction of protein leak can be translated into a
slower decline of renal functiom ipatients with diabetic nghropathy (DNJCKD remains to
be studied.

t A2AfTAGFET 2ySQa STFSOG Ay LI GASYyda
haemodialysis

Several randomised controlled trials of pioglitazone as a single agent, or in combination with
insulin / other oralantidiabetic agents, demonstrated its benefits to diabetes control, lipid
profile and inflammatory markers in patients with type 2 diabetes who are on diai#t3

In a retrospective analysis of 5,290 patients vdthbeteswho were on dialysis, TZDs

reduced the risk of altause mortality by a remarkable 35% (HR 0.65 (95% Gi00848}%

but concomitant insulin treatment abolished the benefits of TZDsspite this evidence,
Medicines and Healthcare products Regulatory AgéNRA) guidance from 26 has not

been updated to reflect it.
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Areas of concern

Pioglitazone increases the odds ratio (OR) for fluid retention (OR 2.22-2152%), which
precludes its use in patients with heart failure. Patients on pioglitazone experience weight
increases of gproximately 1.5 kg/mto body mass index (BMI), and it is unclear whether
this is a consequence of fluid retention oAtyOnce chronic dialysis is started, pioglitazone
can be reconsidered as a treatment option because it has a beneficial effect on lipid profile
and inflammatory markers.

Fluid retention has implications that are relevant to patients with diabetic retinopafong

et alanalysed data from 170,000 patients with diabetes in the Kaiser Permanente Southern
California Database, and found that glitazone treatment increased the risk of macular
oedema(OR 2.6; 95% CI 23L0). The association was preserved evenradtustment for
diabetes control, age, insulin use and f@sting retinopathy?

The ADOPT study raised an issue of the association between cortical bone fractures and
rosiglitazone treatment® Colhounet alused the Scottish National Databaseitiwestigate

the relationship between a risk of hip fracture and antidiabetic drug use, and found the risk
to be significantly increased with TZDs in comparison with other antidiabetic drugs. The OR
for pioglitazone was 1.18 per year of exposure (95% ©F1.28; p=3 x 16{)), and it did

not differ between gender&? This is of even greater concern in patients with-OKD who

may have renal bone disease as an additional risk factor for fractures.

Another area of concern with pioglitazone is a risk afidier cancer, which has resulted in

the reduced use of pioglitazone in clinical practice, despite there being no real evidence. The
concerns are fuelled by two groups of authors. Firstly, a raetysis of controlled clinical

trials with pioglitazone bydfwanaet alfound an increased risk of bladder cancer in
pioglitazonetreated patients (HR 1.23; 95% Cl £039; f 0%)3° Secondly, an analysis of

the UK Clinical Practice Research Database (CPRD) found the bladder cancer risk to be
related to the duration of treatment and cumulative dose of pioglitazéé\ subsequent
definitive study, however, on the relationship betwebladder cancer and pioglitazone,

based onCohort and nested casmontrol analyses among patients with diabetes from the
Kaiser Permanente Databaksedismissed an association between bladder cancer and
pioglitazone. Further reassurance came from a stilndy included over a million patients®
Nevertheless, the extended analysis of the CPRD in 2016 reinforced the initial findings of the
same authors in 2012 and concluded that the risk of bladder cancer was &ffeat rather

than a claseffect.!* Re@nt NICE guidelines that are based on outdated evidence still state
the risk of bladder cancer with pioglitazone to b€l in 1,000, so those guidelines need to

be reviewed'® In 2016, ABCD suggested the need for NICE to undertake an evidence and
recommendationreview®

Pioglitazone is one of few oral glucose lowering agents that are currently licensed for use in
patients with advanced CKD (eGH#R30 mL/min/1.73 ). It is cheap and efficient, and has

a low risk of hypoglycaemia. It can be considered for the treatment of type 2 diabetes in
patients who have CKD of all stages after the exclusion of heart failure and macular oedema,
and after fracture risk has beenmsidered. Patients should be carefully and regularly
monitored for fluid retention (se@able 3.
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Recommendations

1

We recommend that patients with type 2 diabetes and chronic kidney disea&® (K
all stages be considered for treatment with dipeptidyl peptidds@®@PP) inhibitors
(Grade 1B).

We recommend that doses of all UK licen§#eP4 inhibitors are appropriately reduced
in accordance with the degree of renal impairment (including maintenance
haemoadialysis (MHDXx)) except linaglipirade 1B).

Patients withtype 2 diabetesand CKD can be safely prescribed m#hibitors without
the risk of hypoglycaemia or weight gain at all stages of renal disease (Grade 1B).

There are no current data to recommend the use of BRPRhibitors specifically to lower
albuminuria in patients witliype 2 diabetesand CKD (Grade 1C).

There are no cuant data to suggest that DRPinhibitors (except saxagliptin) are
associated with an excess risk of hospitalisation for patients with heart faijyre 2
diabetesand CKD (Grade 1A).

Areas that require further research

1

A headto-head comparison of DP#inhibitors with other oral hypoglycaemic agents
(sulfonylureas and pioglitazone) that are licensed for use in patients with CKD, in terms
of safety, efficacy, risk of hypoglycaemia, weight gain and hospitalisation for heart
failure, across a wide range eGFRs.

The efficacy and safety of the use of a BIFRhibitor with background insulin in
patients with type 2 diabetes.

A headto-head comparison between various D®hhibitors with regard to HbAlc
reduction in patients with type 2 diabetesd CKD.

The mechanisms that underlie the potential differential effects of BIRRjents on
albuminuria and their relationship with glucose lowering.

Audit standards

1

The proportion of patients with type 2 diabetagad CKD who are taking DBP
inhibitors, according téhe degree of renal impairment and across the ranges of
estimated glomerular filtration rate (eGFR), including those who are on MHDXx.

The proportion of patients with type 2 diabetasad CKD who are taking appropriate
doses of DPR inhibitors, accordinga their degree of renal impairment.

The proportion of patients with type 2 diabetasd CKD who are attaining the
recommended target HbA1C with DBEnhhibitors as mono, dual and triple therapy,
including insulin, according to their stage of CKD.

The propaotion of patients with type 2 diabetesnd CKD who are sustaining the
recommended target HbA1C with DBmnhibitors as mono, dual and triple therapy,
including insulin, according to their stage of CKD.

The proportion of patients with type 2 diabetasd &D who are taking DRPinhibitors
who show a percentage reduction in albuminuria.
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6 The comparative efficacy of DERnhibitors in patients with type 2 diabetesid CKD,
across the range of eGFRs.

7 The incidence of hospitalisation of patients with heaitidre who have type 2 diabetes
and CKD and are being treated with BPihibitors.

8 The efficacy of glycaemic control (HbAlc reduction) with reduced doses ef DPP
inhibitors in patients with progressive renal impairment.

Areas of concern

1 The potential fo heart failure in patients who have a high cardiovascular risk and CKD
who are using DR& inhibitors.

Introduction

DPP4 inhibitors bind selectively to DRPand prevent the rapid hydrolysis of glucagike
peptidel (GLP1). They have a modest gluceesvering effect, compared with other oral
hypoglycaemic agents. DRRnhibitors are known to have a very low risk of leading to
hypoglycaemia and are generally associated with a favourable safety and tolerability profile.
Placebecontrolled studies withihagliptin, vildagliptin, saxagliptin and sitagliptin, as well as

a recent pooled analysis with linagliptin, have underscored the likely positive bersit

profile of DPR4 inhibitors in patients with type 2 diabetes and mitdsevere renal
impairment136-141

Sitagliptin

Sitagliptin undergoes minimal metabolism, mainly by the cytochrome P450 isoenzyme
(CYP3A4) and to a lesser extent by CYP2C8. About 79% of a dose is excreted unchanged in
the urine. Renal excretion of sitagliptin involves active tubular secretion; itubsirate for
organic anion transporteB and Pglycoprotein.

When considering the use of sitagliptin in combination with another-diabetic medicinal
product, the conditions for its use in patients with renal impairment should be checked.
Dose adjustmet is based on renal function, so it is recommended that renal function is
assessed prior to the initiation of sitagliptin, and ongoing (routine annual or biannual)
monitoring of GFR may determine the need for dosage reduction.

Most trials that involve theise of sitagliptin in patients with varying degrees of renal failure

(including dialysis) have compared its safety, efficacy and effect on renal function against a
sulfonylurea. Blative to glipizide (the most common sulfonylurea comparator), sitagliptin

was generally wellolerated, and had a lower risk of hypoglycaemia and weight gain. It also
provided similar glycaemic efficacy when its d
degree of renal impairmeri!z144

For patients with mild renal impairmeiitreatinine clearance (Cr@)=50 mL/ mi n) , no d «
adjustment is required. For patients with moderate renal impairment (Gf€13 0 t o <50
mL/min), the dosage of sitagliptin is 50 mg once daily.

DPP4 inhibitors are one of the few therapies that haveanl licensing in haemodialysis and
clear recommendations. Sitagliptiiriot removed by conventional dialysis but it is removed
by highflux dialysis: in total, 13.5% of the drug is removed by&lt®ur dialysis sessidf

For patients with severe renahpairment (CrGbf <30 mL/min) or with enetage renal
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disease (ESRD) who require haemodialysis or peritoneal dialysis, the dosage of sitagliptin is
25 mg once daily. Treatment may be administered without regard to the timing of dialysis.

In a study pedrmed with sitagliptin by Harashirmet al'* albuminuria was a secondary
endpoint in 82 subjects who were enrolled to the-wRek, prospective, singlarm study

where sitagliptin was added to sulfonylureas (glimepiride or gliclazide) with or without
metformin. The primary endpoint was a change in HbAlc. After 52 weeks, sitagliptin
treatment reduced HbA1c by 0.8% and reduced the urine albumin:creatinine ratio (UACR)
from 76.2 + 95.6 to 33.0 + 48.1 mg/g, along with a slight decreases in body mass index (BMI)
and blood pressure (BP).

To evaluate CKD and cardiovascular outcomes, the Trial Evaluating Cardiovascular Outcomes

With Sitagliptin (TECOS) studied 14,671 participants with type 2 diabetes and cardiovascular

disease who were treated with sitagliptin opéacebo (according to a baseline estimated

glomerular filtration rate (eGFRY¥. Cardiovascular and CKD outcomes were evaluated over

a median of 3 years, with participants’ basel.
and 3b —89249%9,0r364 mL/min/1.73 M respectively).

Sitagliptin therapy was not associated witltreased risk of major adversardiovascular

outcomes for any eGFR stage (p>0.44). Kidney function declined at the same rate in both

treatment groups, with a marginally lowerut const ant eGFR di fference
m?) in participants who were assigned to take sitagliptin. Impaired kidney function is

associated with worse cardiovascular outcormé@gagliptin, however,has no clinically
significant impact on cardiovaseut or CKD out comes, irrespective
eGFR. In the subset of participants who had UACR data, the median value was marginally

and consistently lower in the sitagliptin group compared with the placebo group, with an

estimated overall meadifference 0f~0.18 mg/g (95% confidence interval (€0)35 to—

0.02; p=0.031). Theyear UACR differences between the treatment growgre similar for

each eGFR stage, with no significant interactions of treatment effect by eGFR stage. In the

26% of TEOS participants for whom UACR data were available, the mean UACR values were
marginally lower in the sitagliptin group than in the placebo group. It is uncertain whether

these small offsets in eGFR and UACR would have anyelonglinical implications.

Linagliptin

Linagliptin has minimal metabolism to inactive metabolites. Approximately 80% is eliminated
in the faeces and 5% in the urine. It is not removed by dialysis. In moderate renal failure, a
moderate increase in exposure of about-fofd was obsered compared with a control

group. Exposure in patients with type 2 diabetes and severe renal failure was increased by
about 1.4fold compared with patients with type 2 diabetasd normal renal function.
Steadystate predictions fothe area under the cure AUCf linagliptin in patients

with ESRINndicated an exposure that is comparable with that of patients with moderate or
severe renal impairment. No dose adjustment is required and linagliptin at a dosage of 5 mg
per day may be used in patients wha@an MHDxX*

Linagliptin pharmacokinetics was studied under siriglee and steadsgtate conditions in
subjects with mild, moderate and severe renal impairment. The accumulatiotifeadf
linagliptin ranged from 1415 hours in subjects with normal relfanction, to 18 hours in

those with severe renal impairment. Renal impairment only had a minor effect on linagliptin
pharmacokinetics and thus there was no need to adjust the linagliptin dose in renally
impaired patients with type 2 diabeté$

In anotter trial 1 treatment with linagliptin or a placebo followed by glimepiride was
studied in patients with type 2 diabetes and moderate to severe renal impairment. The
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study found that such treatment produced benefi
acceptablesidee f f ect profile that did not have any ef f e

In patients with type 2 diabetes and severe renal impairment, linagliptin provided clinically
meaningful improvements in glycaemic control with a very low risk of severe hypegiiaa
stable body weight and no cases of dmagated renal failuré?°

Albuminuria reduction with linagliptin was studied in a randomised, dobhiel, placebe

controlled trial (duration 2452 weeks) in 2012° The inclusion criteria were: persistent

albuminuria (defined a’l ACRB0-3,000 mg/g) and stable treatment with an angiotensin

converting enzyme (ACE) inhibitor or angiotensin Il receptor blocker (ARB) at baseline.

Overall, 168 patients were treated witméigliptin and 59 patients were in a placebo group.

The placeb&ce or r ect ed reducti on o fBP&hdwdakcfunctenached -0. 7
remained unchanged. In the linagliptireated group, the UACR significantly decreased by

33%, with a betweegroup dife r ence versus the placebo of -29%
with the magnitude of HbAlc change, which suggests that the albuminuria reduction effects

may be independent of the improvement in glycaemic control.

Another, larger metaanalysis of 13 linagliptitrials, which included 5,466 patients, focused

on composite renal outcomes. The analysis revealed a hazard ratio (HR) of 0.84 in favour of
linagliptin compared with a placebo or comparat®rThe risk ratios (RRs) were 0.85 for
microalbuminuria and 0.88r macroalbuminuria. These studies were not primary outcome
studies to test the effect of linagliptin on microalbuminuria and renal function; however,

they indicate its possible nephroprotective effects.

A pooled analysis of four randomised, doublend, placebacontrolled clinical trials found
that when linagliptin was administered with backgroumhin-angiotensinaldosterone
system RAAS) inhibition, it significantly reduced albuminuria by 28% after 24 weeks of
treatment.t*?

The ongoing Cardiovascukand Renal Microvascular Outcome Study With Linagliptin in
Patients With Type 2 Diabetes Mellitus (CARMELINA), a study of patients who are at high
vascular risk, is due to report in early 2048lt will hopefully not only provide

cardiovascular safetyada but also data about the time to first occurrence of some
adjudicated composite renal endpoints.

Vildagliptin

About 69% of a dose of vildagliptin is metabolised, mainly by hydrolysis in the &idney

inactive metabolites. About 85% of a dose is excreted in the urine (23% as unchanged drug)

and 15% i s excreted i n t hA&Cricreased bysl41.0amd aver age,
two-fold in patients with mild, moderate and severe renal impairteaspectively,

compared with healthy subject$he AU®f the metabolites LAY151 (the main metabolite)

and BQS867 increased on average by about thEee- and severold in patients with mild,

moderate and severe renal impairment, respectively. LAXbatentrations were

approximately twe to three-fold higher than in patients with severe renal impairmétit.

In a randomised clinical trial of vildagliptin and sitagliptin in patients with type 2 diabetes
and severe renal impairment (eGBR<30 mL/mir1.73 n¥), vildagliptin 50 mg once daily
and sitagliptin 25 mg once daily demonstrated similar efficacy, and both drugs were well
tolerated with no effect on renal functio#®

Vildagliptin is not removed by conventional dialysis, but it is removed byfhigldialysis.
After a 34-hour haemodialysis session, 3% of vildagliptin is removed. The main metabolite
(LAY151) is also removed by haemodialysis.
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No dose adjustment is required in patients with mild renal impairment (@15 r@L/min).
In patients withmoderate or severe renal impairment or those with ESRD, the
recommended dosage is 50g once daily.

A retrospective metaanalysis of prospectively adjudicated cardiovascular events that
involved 17,446 patients from 40 douhbdind, randomised controlledhase Ill and IV
vildagliptin studies revealed that a major adverse cardiac event (MACE) occurred in 83
(0.86%) vildagliptitreated patients and 85 (1.20%) comparategated patients, with an HR
of 0.82 (95% CI 0.61.11). Confirmed heart failure eventsve reported in 41 (0.43%)
vildagliptintreated patients and 32 (0.45%) comparatoeated patients, with an HR of 1.08
(95% CI1 0.64..70).

This large metanalysis thus indicates that vildagliptin is not associated with an increased
risk of cardiovascuteevents or heart failure in highisk diabetes patients, such as those
with congestive heart failure and/or moderate or severe renal impairniént.

Alogliptin

The efficacy and safety of the recommended doses of alogliptin was investigated separately
in asubgroup of patients with type 2 diabetes and severe renal impairment / ESRD in a
placebacontrolled study (59 patients were on alogliptin and 56 patients were on a placebo
for 6 months). Alogliptin use in the subgroup was found to be consistent withribféep

obtained in patients with normal renal function. Furthermore, the pharmacokinetic profile

of a single dose of alogliptin was evaluated in patients with renal impairment and in healthy
volunteers!> Compared with healthy volunteers, an approximat@-fbld increase

(p=0.002) in the alogliptin total plasma AUC was observed in patients with mild renal
impairment. In patients with moderate and severe renal impairment and ESRD, the alogliptin
total plasma exposure increased by -#0ld (p<0.001), 3.20ld (p<0.001) and 3:®ld

(p<0.001) respectively, compared with healthy volunteers. The authors concluded that a
single oral 50ng dose of alogliptin was generally wiglerated in all groups, and that no

dose adjustment is necessary for patients with méddal impairmen{CrCbf>50 t o <80
mL/min). In those with moderate renal impairme(€rCbf=23 0 t o <5te mL/ mi n)
alogliptin dosage should be reduced to 25 mg once daily. In patients with severe renal
impairment (CrCbf <30 mL/min including ESRD, the dosage should be reducd@ % mg

once daily Fujiiet al*® evaluated the efficacy and safety of alogliptin 6r2§ once daily in

30 patients with type 2 diabetes who were undergoing haemodialysis oveweedR period

in an open lael study. It concluded that alogliptin improved glycaemic control and was
generally weltolerated in patients. Alogliptin may be administered without regard to the
timing of dialysis.

EXAMINE wasa@rdiovasculasafety trial that evaluated alogliptin versus a placebo on top

of the standard of care therapy in 5,380 patients with recent acute coronary syndrome (ACS)
(1590 days prior to their study entry) for up to 40 months. The median study duration was
18 monthsThe patient s’ baseline characteristics we.
years; 68% male; 71% widmeGFRf> 6 0 mL / m#).rCbmpar&d3vithrthe placebo,
alogliptin did not significantly affect rates of CKD progression, albuminuria change oisdialys
initiation. In followup, the changes in the renal laboratory parameters for the group who
were on alogliptin were comparable to that of the placebo gré@i2osthoc analysis of the
EXAMINE study showed that, although there was a sign of excesddikaet in the

alogliptin group in patients who had no heart failure prior to randomisationXHR; Cl

1.07-2.90; p=0.026), there was no overall difference in the proportion of patients who were
hospitalised for heart failure between the alogliptin gro{#9%) and the placebo group
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(3.3%) (HR 1.19; 95% CI 68:88; p=0.22). The composite outcome of hospitalisation for
heart failure and cardiovascular death was similar in the alogliptin group (3.1%) and the
placebo group (2.9%) (HR 1.07; 95% CHA.48). EXAMINE trial analysis showed that
alogliptin does not increase heart failure morbidity or mortality in patients with type 2
diabetes or recent ACS, or worsen heart failure outcomes in patients witbypseing heart
failure.

Saxagliptin

A singledose,opentlabel study®®was conducted to evaluate the pharmacokinetics of a 10

mg oral dose of saxagliptin in subjects with varying degrees of chronic renal impairment,

compared with subjects with normal renal function. The study included patients with renal

impairment, classifid on the basis of CrCl (based on the Cocke@Hult formula) as being

mild (>50 to <80 mL/min), moderate (=230 to <50
patients with ESRD who were on haemodialysis.

The degree of renal impairment did not affebiet Ghax (the maximum serungoncentration

that a drug achieves after it has been administrated) of saxagliptin or its major metabolite. In
subjects with mild renal impairment, the mean AUC values of saxagliptin and its major
metabolite were 1.2and 1.7fold higher, respectively, than the mean AUC values in subjects
with normal renal function. Because increases of this magnitude are not clinically relevant,
dose adjustment in patients with mild renal impairment is not recommended.

In subjects with moderater severe renal impairment or in subjects with ESRD who are on
haemodialysis, the AUC values of saxagliptin and its major metabolite were up tmd.1
4.5fold higher, respectively, than AUC values in subjects with normal renal function. The
dosage shoul be reduced to 2.5 mg once daily in patients with moderate or severe renal
impairment.Data on the experience of patients with severe renal impairment are very
limited. Therefore, saxagliptin should be used with caution in this population. Saxagliptin is
not recommended for patients with ESRD who require haemodialysis.

In the Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes
Mellitus-Thrombolysis in Myocardial Infarction 53 trial (SAVKDRI 53), patients wittype 2

diabeteswho areat risk of cardiovascular events were stratified according to their baseline

renal function. The primary endpoint was cardiovascular death, myocardial infarction (MI) or

ischemic stroke. After a median duration oy&€ars, saxagliptin neither increed nor

decreased the risk of the primary and secondary composite endpoints compared with the

pl acebo, irrespective of the patients’ renal f
achieved reductions in microalbuminuria with saxagliptin (p=0.041) that siengar to

those of the overall trial population. The risk of either the development or progression of
microalbuminuria was significantly reduced with saxagliptin at a median falfpperiod of

2.1years in the longerm SAVOR'IMI 53 phase 4 clinicaiat.®* Thus saxagliptin reduced

progressive albuminuria, irrespective of the baseline renal function in those with and

without albuminuria at baseline, and without an adverse impact on e&HRe rate of

hospitalisation for heart failure was 289 (3.5¥b}he saxagliptin group versus 228 (2.8%) in

the placebo group (HR 1.27; 95% CI 41051; p=0.007). This represented a 27% increase in

the relative risk of hospitalisation for heart failure in teexagliptin group, which again was

similar irrespectiv@ f t he patients’ ®degree of renal disea

In the SAVORIMI 53 trial, hospitalisation for heart failure was a predefined component of
the secondary endpoint. The baselingédminal prohormone of brain natriuretic peptide
(NT-proBNP) was measured i2,B01 patients. More patients who were treated with
saxagliptin (289, 3.5%) were hospitalised for heart failure, compared with the placebo (228,
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2.8%) (HR 1.27; 95% CI £05B1; p=0.007). Corresponding rates atri@nths were 1.9%
versus 1.3% (HR 1.46;9%9%C| 1.151.88; p=0.002), with no significant difference thereafter
(time-varying interaction p=0.017). There were 741 hospitalisations for heart failure in 517
patients across both the treatment groups in the SAVKDRRI 53 trial. The rates of
hospitalisaton for heart failure were 1.1% in the saxagliptin group and 0.6% in the control
group (HR 1.80; 95% CI 12%5; p=0.001) at 6 months, and 1.9% and 1.3% respectively at
12 months (HR 1.46; 95% CI £188; p=0.002). The risk of hospitalisation for heéaiture

with saxagliptin subsided at 201 months after randomisation. The risk offrespitalisation

for heart failure was similar in both treatment groups. Multivariate analysis of the SAVOR
TIMI 53 trial showed that hospitalisation for heart failuresssrongly associated with prior
heart failure, or elevated baseline levels of proBNP. The initial suggestion that baseline eGFR
was also associated with heart failure was not verified in the subsequent adjusted analyses
by different ranges of eGPR:1® Thus, although no increase in cardiovascular events was
reported, the SAVORIMI 53 trial had unexpected heart failure which was significantly
increased by 27%.
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Recommendations

1 Sodium glucose eansporter2 (SGLA) inhibitors are currently licensed for the
treatment of type 2 diabetes only when the estimated glomerular filtration rate (eGFR)
is >60 mL/mifl.73 ne. For dapagliflozin, the drug shoul
eGFR falls below this leveihile canagliflozin and empagliflozin may be continued until
the eGFR falls below 45 mL/rfiri73 n? (albeit at their lower licensed doses). We
support these recommendations (Grade 1B).

2 There is clinical trial evidence that empagliflozin and canagliftezince cardiovascular
outcomes in patients with type 2 diabetes who are at high cardiovasadaka(Grade
1A). Subgroup analysis of these trials suggests that patients with an eGFR of 60 to <90
mL/min/1.73 n? gain cardiovasculdrenefit, so we recommenchat this drug class be
considered over other glucodewering therapies for patients with stage 2 chronic
kidney disease (CKD) (Grade 2B).

3 Prespecified analyses of the same trials examined renal endpoints and showed the
benefit of SGL2 inhibition for kard endpoints, such as changes in serum creatinine (and
eGFR) and the need for estage renal replacement therapy. S&LiRhibitors
(currently empagliflozin and canagliflozare recommended for renoprotection for
patients who have type 2 diabetes ancat high cardiovasculaisk (Grade 1A).

4 Patients with type 2 diabetes and CKD who are treated with 2GtHibitors need only
perform frequent seHmonitoring of blood glucose when they are also being treated
with agents that can cause hypoglycaensiadh as sulfonylureas and insulins) (Grade
1A).

Areas that require future research

1 The beneficial renal effects (seen as secondary endpoints) of empagliflozin and
canagliflozin, observed down to an eGFR of 30 mlAiB n? (ie CKD stage 3) need to
be confirmed in studies with primary renal endpoints. This may ultimately lead to a
change in the licence indication for S&.ihhibitors.

2 Research needs to establish whether the cardiovasdgaefits of empagliflozin and
cangliflozin also extend tpatient withtype 2 diabetes who have an eGFR of <30
mL/mir/1.73 n?, where the glycaemic effect of these agents is minimal.

3 The beneficial cardiovasculaffects of empagliflozin and canagliflozin need to be
confirmed for othetmembers of the SGEX inhibitor class.

4 Studies need to examine the cardiovascaad renal effects of SGIZTinhibitors in
patients with type 2 diabetes who are at lower cardiovasctit (who make up the
majority of patients with type 2 diabetes)

5 Trials need to investigate whether the renal and cardiovasdugauefits of SGL-Z

inhibitors are seen in patients with pidiabetes and in the population who do not have
diabetes.
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6 The longterm impact of SGL=Z inhibitors onmetabolic bone disease, and panaters
such as calcium, phosphate and magnesium should be investigated.

Evidence base

The hypoglycaemic mechanism action of S&idhibitors is to inhibit the reabsorption of

glucose that has been filtered by the glomeruli in the kidrnéyBor this reaon, their

glucoselowering is limited by declining renal function (since the amount of filtered glucose

is reduced) and sthe licences o6GL™ inhibitors have been adapted accordingly. In 2018,

there arethree licensed SGEXinhibitors in the UK (dajgiflozin, canagliflozin and
empagliflozin) and none of these are recommend
<60 mL/mirl1.73 n¥ (ie CKD stage 3). Dapagliflozin should be withheld velea t i e nt ' s

eGFR falls below this level (having being initiatbdve 60mL/mir/1.73 n¥), while

canagliflozirand empagliflozin should only be used at their lower dosgmtients withCKD

stage 3a and then should be withdrawn when the eGFR falls below 45 mil/A3imy.165-167

There has been a presumption that theduction in HbAlc achieved by the S@Limhibitor
class, along with secondary effects of weight loss and a fall in systolic blood pr&Ryre

may manifest as a renal benefit in patients with type 2 diabelksre has alsphowever,

been concern that dugs that primarily affect the kidneys (not previously a target for glucose
lowering) could be harmful, despite the lack of adverse effects seen in (the very rare cases
of) benign familial glucosuria, where S&.dctivity is diminished®

Postmarketingreports from the US Food and Drug Administration (FDA) Adverse Event
Reporting System have identified a potential signal for acute kidney injury (AKI) with all
approved SGLZ inhibitors® This may reflect the initial decline in eGFR due to the known
renal haemodynamic effects of SG2Thhibition!’°In contrast, the two large cardiovascular
outcome trials for empagliflozin and canagliflozin have both shown evidence for
renoprotection, and this was seen in subjects who had an eGFR-@0 80L/min/1.73 n?:
patients in whom SGET inhibitors would currently not be initiatetl*'"> These findings are
discussed in more detail later in this chapter. In addition, a recent propensity matched
retrospective review of SGiZlinhibitor use did not suggest any inased risk of AKF?

A metaanalysis of randomised clinical trials has shown that S3hfibitors marginally
increase serum magnesium levels in type 2 diabetes patients, which appears to be a drug
class effect’ Further investigations are required examine the clinical significance of
elevated magnesium levels in individuals with type 2 diabetes.

Adverse events that have been attributed to the S@liffhibitor class include the following.

Genital mycotic infection

This is a class effect that is puesed to be consequent upon glucosuria. It is more frequent

in women than men, and is often seen early after treatment is initiated. It typically responds
to overthe-counter medication, although some patients have recurrent episodes that
require withdrawalof the SGLP inhibitor1?™

Urinary tract infection

While in some studies there has been a signal for increased urinary tract infection (UTI) in
patients who receiveaSGL™ inhibitor, this is not a consistent finding and there is still
uncertainty about whether this is a true side effect of the drug ct&s&n increased risk of
urosepsis has not been reported.
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Diabetic ketoacidosis

Warnings about diabetic ketoacidegDKA) in patients who are receiving S&lnhibitors

have been issued by both the FDA and the European Medicines Agency*(EftA).

Proposed mechanisms include increased ketone body uptake by the kidneys (consequent on
increased sodium delivery to e¢hdistal tubule) and a shift from carbohydrate to fat

metabolism due to changes in the insudjlucagon ratio (glucagon levels rise with SGLT
inhibition)!* Al t hough there was an initial bias towarc¢
the majority of caes appear to be associated with significant hyperglycaemia. Some of the
reported cases were undoubtedly patients with type 1 diabetes and latent autoimmune
diabetes in aduHife (LADA), for whom thdrugclass is not currently licensed. Other

common featuwes were large reductions of insulin dose and established precipitants of DKA,
such as dehydration, infection and surgery. It is of note that-+hostanalyses of the clinical

trial programmes of the three SGRTinhibitors have shown little evidence ofafety signal

for DKA. Never t HAppeedx Bshoulsl beadcomthanged,rwiithl teanparary
drug cessation.

Increased risk of bone fracture

A warning regarding bone fractures was included in the US labefagliflozin when it

was launched, and this was strengthened in September 28¥5study subsequently
confirmed a reduction in bone mineral density in patients who receive canagliflozin, and a
meta-analysis reported that fracture risk was increasedanagliflozintreated
patients!8%182The Canagliflozin Cardiovascular Assessment (CANVAS) study has
subsequently confirmed a significant increase in fractures in patients who receive
canagliflozirt? This signal has not been seen with dapagliflozin opagtiflozin.

Amputation

The FDA issued a warning in 2016, following an interim safety analysis of the CANVAS study
of canagliflozin® The full CANVAS study confirmed a significant increase in amputations,
with an elevated hazard ratio (HR) for both mirftoe and transmetatarsal) and major

(ankle, aboveand belowknee) surgery’? This has led to a further FDA safety

announcement® To date, an increased risk of amputation has not been reported with

either dapagliflozin or empagliflozin.

Empagliflozin

Empagliflozin was the first of the oral hypoglycaemic agents to show superiority over a
placebo in the era of modern cardiovascular outcome trials (CVOTS) in type 2 diabetes. In
the Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabeteadviediitents
Removing Excess Glucose (ENREG OUTCOME) study, 7,020 patients were randomly
assigned to receive empagliflozin 10 mg or 25 mg once per daglacebo, andhey

remained under observation for a median of 3.1 ye&t§ he primary outcome adeath

from cardiovasculacauses, nodatal myocardial infarction (MI) and nefatal stroke (three
point major adverse cardiac events (MACE)-poiht) occurred in 490 out of 4,687 patients
(10.5%) in the pooled empagliflozin group and in 282 out of 2p2di@énts (12.1%) in the
placebo group. This gave an HR in the empagliflozin group of 0.86, with a 95% confidence
interval (Cl) (0.740.99); the pvalue of 0.04 confirmed superiority over the placebo.

The result was largely driven by the significantly lovege of death from cardiovascular

causes in the empagliflozin group (3.7% versus 5.9% in the placebo group; 38% relative risk
reduction (RRR)but hospitalisation for heart failure (2.7% and 4.1%, respectively; 35% RRR)
and death from any cause (5.7% &h8%, respectively; 32% (RRR)) were also significantly
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reduced. It was of great interest that all of these beneficial effects emerged after only a few
months of trial observation.

A subgroup analysis of the thrgmint MACE, according to baseline eGFRyw&u
heterogeneity, albeit nossignificant. The subgroup of patients with an eGFR 960
mL/min/1.73 n¥ had a significantly lower event rate for the primary endpoint, while those
with an eGFR of <60 mL/nmin73 n¥ had a similar reduction in the point éstate, but this
was not significant (due to the lower number of subjects in this cohort). Trial subjects with
an eGFR of >90 mL/niin73 n¥ showed no evidence of primary endpoint reduction, which
is consistent with a hypothesis that only the patients vitth highest risk of cardiovascular
events gain a benefit from SGRTnhibition.

Prespecified secondary analyses of renal outcomes from the EREE@ OUTCOME trial

have subsequently been publishé8 The composite renal outcome was made up of four

endpoirt s : macroal bumi nuri a; doubling of serum cre
mL/min/1.73 n¥; time to first initiation of continuous renal replacement therapy; and renal

death. The latter three outcomes are clearly clinically relevant renal endpoints and were

and ysed as a composite of ‘“hard renal outcomes
0.54; Cl 0.460.75; p<0.002f° and all of the individual renal outcomes were reduced in the
empagliflozin groups.

Although it is generally regarded to be a less importamal outcome, an exploratory

analysis of urinary albumicreatinine ratio (UACR) in the EMREG OUTCOME trial has
been published® After 12 weeks, the placebadjusted geometric mean ratio of UACR
change from baseline with empagliflozin wa&s (95% IG-12 to—2; p=0.013) in patients

with normoalbuminuriai25% {31 to—19; p<0.0001) in patients with microalbuminuria;
and—-32% {41 to—23; p<0.0001) in patients with macroalbuminuria. These reductions were
maintained at 164 weeks and remained significafter cessation of treatment for those

with baseline microalbuminuria and macroalbuminuria. Patients who received empagliflozin
were also more likely to experience a sustained improvement from microalbuminuria to
normoalbuminuria (HR 1.43; 95% CI 1.22 #7; p<0.0001) and from macroalbuminuria to
microalbuminuria or normoalbuminuria (HR 1,&11.40-2.37; p<0.0001).

Canagliflozin

Renalrelated adverse events with canagliflozin were reported from a pooled analysis of
seven activeand placebecontrolledtrials (n=5,598) and a 184eek study versus

glimepiride (n=1,450%" Overall, the incidence of renal adverse events was low and similar
in canagliflozin and nenanagliflozin treated groups. In a study versus glimepititige
incidence of renatelated adverse eventwith canagliflozin was generally stable over time,
while the incidence with glimepiride increased over 104 weeks.

Heerspinket al® performed a secondary analysis of the same clinical trial of patients who
were randomly assigned to eih canagliflozin 100 mg once per day, canagliflozin 300 mg
once per day or glimepiride wiitrated to 6-8 mg once per day® The endpoints were an
annual change in albuminuria and eGFR over thiea2s of followup. The canagliflozin
100mg and canaglifitin 300mg groups had eGFR reductions of 0.5 mL/i#8 n? (95% CI
0.0-1.0) and 0.9 mL/mit1.73 n¥ per year (95% CI 0-4.4) versus 3.3 mL/mib.73 n? per
year (95% CIl 2-8.8) for glimepiride (p=0.01 for each canagliflozin comparison). In the
subgroup of patients with a baseline urinary alburoieatinine ratio of >3@ng/g, urinary
albumincreatinine ratio decreased more with canagliflozin 100 mg @1.95% CI 8.6%
48.9%; p=0.01) and canagliflozin 300 mg (49.3%; 95% CH82.2%; p=0.001) compared
with glimepiride. Itis noteworthy that the three cohorts had similar reductions in HbAlc at
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both the Lyear and 2year observation points, which impligsat any renal benefits were
independent of glucose lowering.

The CANVAS Program integrated data from two trials that involved a total of 10,142
participants with type 2 diabetes and a high cardiovascusét 2 The participants in each
trial were randanly assigned to receive canagliflozin or a placebo, and they were followed
for a mean of 188.2 weeks. The primary outcome was a composite of death from
cardiovasculacauses, nofatal myocardial infarction (MI), or a nefatal stroke (the same
three-point MACE that was assessedlie EMPAREG OUTCOMEidy). The mean age of
the participants was 63.3 years; 35.8% were women; the mean duration of diabetes was
13.5 years; and 65.6% had a history of cardiovascisaase. The rate of the primary
outcome wadower with canagliflozin (occurring in 26.9 versus 31.5 participants per 1,000
patient-years; HR.86; 95% CI 0.78.97; p<0.001 for noinferiority; p=0.02 for

superiority).

Although on the basis of the pigpecified hypothesis testing sequence the remaicomes
were not reported as being statistically significant, the results showed a benefit from
canagliflozin with respect to the progression of albuminuria (HR 0.73; 95% &0.0%)7and
the composite outcome of a sustained 40% reduction in the eGR&a@for renal
replacement therapy; or death from renal causes (HR 0.60; 95% CD.ZY.

Dapaglifiozin

Twelve doubleblind, placebecontrolled, randomised clinical trials that included 4,545
subjects were analysed up to 24 weéR&Six of the studies also included longerm data

(up to 102 weeks (n=3,036 subjects)). Patients with type 2 diabetes with normal or mildly
impaired renal function (eGF& 60-90 mL/miri1.73 n¥) were treated with dapagliflozin

(2.5 mg, 5 mg or 10 mg peay) versus a placebo.

The mean eGFR showed small transient reductions with dapagliflozin at week 1, but this
returned to near baseline values by week 24, and thereafter was stable to week 102. Mean
eGFR changes were similar for each dapagliflozin doseghout the observation period.
Renal adverse eventgere similar in frequency to the placebo through 24 weeks (1.4%,
1.3%, 0.9% and 0.9 %) and 102 weeks (2.4%, 1.8%, 1.9% and 1.7%, respectively) and few
events were serious (between 0.1% and 0.3%). The omsemon renal adverse evemas

an increase in serum creatinine, which occurred equally in the dapagliflozin and placebo
groups. Small increases from baseline in mean urea and serum albumin levels were observed
with dapagliflozin versus the placebo at viket02, which was consistent with its mild

osmotic diuretic effect. The moderate renal impairment subgroup (e®@BB-60

mL/min/1.73 m?) had the highest proportion of patients with renal adverse evemtso 24
weeks and, in this subgroup only, reaalverse eventsvere more common in dapagliflozin
treated patients than those in the placebo group, but with no dose dependence.

One publication and several abstracts have reported on the effect of dapagliflozin on the
surrogate renal endpoint of change WlACR?™ These are poshoc analyses of pooled data
from phase lll clinical trials and they show a reduction in albuminuria that appears to be
independent of changes in HbAlc, blood presg@f) body weight and eGFR. No studies
have assessed hard renaldpoints, such as a doubling of serum creatinine or progression to
end-stage renal disease (ESRD).

Future prospects
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The cardiovasculand renal benefits seen with empagliflozin in the EMF2AG OUTCOME
study were largely unexpected, and replication of thessults for canagliflozin is very
encouraging for the SG{ZTinhibitor class. There is also supportive evidence of
cardiovasculabenefit for dapagliflozin from reakorld database analyses, although the
formal CVOT (DECLARHII 58) will not report unti2019%°21%4|n the meantime, the
licence for empagliflozin has been changed in bothi8and Europe, in order to
acknowledge the additional benefits in patients with high cardiovascigdiar Furthermore,
guidelines for the management of type 2 diabsthave been updated in the US and
elsewheret®>1%]t is unlikely, however, that a change in licence will be granted based on the
current renal data, because these were not specified primary analyses in the-RHMBA
OUTCOME study and were not reported as being significant in the CANVAS analysis.

It is ofnote that the beneficial cardiovasculeffects in both EMPAREG and CANVAS were
seen in patients with stage 3 CKD (e®FB0-60 mL/miri1.73 n¥), for whom SGL-Z

inhibitor initiation is not currently license#>16"171.172 This implies that the glucodewering
efficacy of thedrugclass, which is lowered in CKD stage 3, is not responsible for the
cardiovasculaoutcome reductions. It is of interest that sotagliflozin, a dual SGafid
SGL™® inhibitor that is currently in development, also had gluctmeering activity in a CKD
stage 3 cohort with type 2 diabeté¥. Thirty-one patients with an eGFR of <60 mL/fii3
m? were randomly assigned to receive 400 mg of sotagliflozin (LX4211) or a placebo for
7 days. LX4211 (sotagliflozin) therapy signifibareduced posprandial glucose levels
relative to the placebo in the total population and in patients with an eGFR of <45
mL/min/1.73 n?. Sotagliflozin is currently being assessed as an adjunct therapy to insulin in
patients with type 1 diabete¥®

Studes with primary renal endpoints are already ongoing (eg CREDENCE for canaififlozin)
and these will ultimately inform whether the indication for S&Linhibitors will be
broadened both within and beyond the cohort of patients who have diabetes.
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Recommendations

1

There is evidence that treatment with some glucaditie peptidel receptor agonists
(GLP1RAS) reduces the progression of renal disease in patients with type 2 diabetes, but
this mainly relates tdhe new onset of persistent macroalbuminuria (Grade 2B). To date,
there has been no reported reduction in hard clinical endpoints, such as a doubling of
serum creatinine or the need for continuous renal replacement therapy. Hence, the

main aim of GLRRA herapy in patients with type 2 diabetes and chronic kidney disease
(CKD) should be the improvement of glycaemic control with a low risk of both
hypoglycaemia and weight gain (Grabik).

There is emerging evidence of protection from cardiovascular dise#isehe use of

some GLARAs in patients who have type 2 diabetes and a high risk of cardiovascular
disease (Grad&A). In one sulgroup analysis, this protection was more pronounced in
patients with stage 3 CKD; GLRAs may therefore be preferred ovétesnative
glucoselowering therapies (eg sulfonylureas and insulins) in this scenario (Grade 2C).

There is no evidence that any of the GLFPAs lead to a progressive decline in renal
filtration function; however, the licensed indications differ for drugighin the class. All
GLP1RAS can be prescribed for patients with CKD stag&shbwever, we only
recommend the use of agents that have a licensed indication for CKD stages 3 and 4
(Grades 1A1C). No GL:-PRAs are currently licensed for use in patienthwWKD stage 5,
or for patients who are on renal dialysis.

Patients with type 2 diabetes and CKD who are treated with IRA% need to only
perform regular semonitoring of blood glucose when they are also being treated with
agents that can cause hypggaemia (such as sulfonylureas and insulins).

There is no role for the combination of GLRnalogues and dipeptidyl peptidade
(DPP4) inhibitors.

Areas that require future research

1
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There is a need for studies on G1RRAs that have hard renal endpoits their primary
outcome (current studies have a primary outcome of composite cardiovascular disease
events, with renal outcomes being classified as secondary microvascular events).

Further studies of GPRAs are needed in patients with CKD stage fydirgy patients
who are on renal dialysis (both haemodialysis and continuous peritoneal dialysis).

There is a need to examine the risk of worsening diabetic retinopathy in patients with
type 2 diabetes an@€KD treated with GLERAS, idight of the fact hat two studies
showed deterioration despite improving proteinuria endpoints.

The use of a combination of GILRAs and SGIZlinhibitors needs to be examined in
patients with CKD, with a focus on renal endpoints.

The use of a combination of GILRAs andhsulin needs to be examined in patients with
CKD, with a focus on renal endpoints.
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Audit standards
1 The frequency of officence use of GEERAS in patients with CKD stages 4 and 5.
2 The combination of GEPRA and insulin use in patients with CKD.

3 Thecombination of GLRRA and sodium glucose-transporter2 (SGLR) inhibitor use
in patients with CKD.

Evidence base

In 2018, six licensed GILRA injectables were available for use in Europe. One of these
(albiglutide) has not been launched in the UK aiiltibe withdrawn in 2018, and two involve
differing delivery mechanisms for the same molecule (exenatide). All have licence limitations
based on the presence of CKD, although these limitations generally become more relaxed as
additional postmarketing stidies are performed.

There have been isolated case reports of acute kidney injury’(&R1and interstitial
nephritig%2203resulting from exenatide and liraglutide use, and these are referred to in their
summary of product characteristics (SP€3% Acute hypovolaemia from severe
gastrointestinal side effects was considered to be a more likely cause of AKI than a direct
nephrotoxic effect of these agents. In practice, it would be reasonable to apply caution for
patients who have CKD and acute illneissthe temporary cessation of GILRA therapy

t hrough gener al(Appendixddk day’ guidance

A seventh GLRRA, semaglutide, has completed its phase 3 clinical trial programme and
there is also a published ptencecardiovascular outcome trial. This agent was granted
regulatory approval in the European Union (EU) in 2017.

Exenatide

Exenatide is mainly eliminated by the kidneys and its clearance is reduced by 13%, 36% and
84% in mild, moderate and severe renal diseasspectively. This leads to an increase in
half-life from 1.5hours to 2.1 hours, 3.2 hours and 6 hours in mild, moderate anestagke

renal failure (ESRF), respectivély.

There have been rare, spontaneously reported events of altered renal funatidoging
increased serum creatinine, renal impairment, worsened chronic renal failure and acute
renal failure, which sometimes require haemodialysis. Some of these occurred in patients
who were experiencing events that may affect hydration (including @augomiting and/or
diarrhoea) and/or were receiving medicinal products that are known to affect renal function
/ hydration status. Concomitant medicinal products included angioteasiverting enzyme
(ACE) inhibitors, angiotensihreceptor blockers (AB%), norsteroidal antiinflammatory

drugs (NSAIDs) and diuretics. The reversibility of altered renal function has been observed
with supportive treatment and discontinuation of exenatide.

In patients who are receiving exenatide as twice daf{eBTA!, nodosage adjustment is
necessary if they have mild renal impairment (defined as creatinine clearancediGEt)

80 mL/min). In patients with moderate renal impairment (GC30-50 mL/min), clinical
experience is very limited and dose escalation fromégn t o 10 mcg shoul d
conservativel y'’ -stagé renalglisease (EESRD3 whward réceiving dlalysis, a
single 5 mcg dose of BYETTiAcreased the frequency and severity of gastrointestinal
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adverse reactions. BYETT#s not recommended for use in patients with ESRD or severe
renal impairment (Cr@f <30 mL/min).

For onceweekly exenatide (Byduredt), the SPC often refers RYETTA data?’’ No dose
adjustment ofBydureoriMis necessary for patients with mild renaipairment (CrCbf 50—
80 mL/min) but clinical experience in patients with moderate renal impairment ¢C80Ito
50 mL/min) is very limited, and 8ydureori™use is not recommended for these patientis.
isalso not recommended for patients who hawevere renal impairment (CrGf <30
mL/min) or ESRF.

Liraglutide

Liraglutide is a oncdaily GLFLRA that is metabolised through proteolytic mechanisms and
is not predominantly eliminated by a single orgdhSigns and symptoms of dehydration,
including renal impairment and acute renal failure, have been reported in patiembsare
treated with liraglutide. Patients who are treated with liraglutide should be advised about
the potential risk of dehydration irelation to gastrointestinal side effects, and should take
precautions to avoid fluid depletiof®

A singledose (0.75 mg subcutaneously) pharmacokinetic trial with liraglutide provided initial
evidence that exposure was not increased in patients wittakémpairment?® Thirty

subjects were included in the trial: both male and female adults age@3 8ears, with a

body mass index (BMI) of <40 kg/ncrCl was estimated using the Cockei@fault formula,
using the following categories:

1 normal renal fundbn (CrCbf >80 mlLmin)

1 mild renal impairment (Cr@if >50 to <80 mimin)

1 moderate renal impairment (CrGf >30 to <50 mimin)
1 severe renal impairment (Cr@i <30 mlmin)

1 ESRD requiring dialysis.

The ESRD group included subjects who were on continaimbsilatory peritoneal dialysis
(CAPD) only and for whom CAPD was continued during the sampling period. Subjects who
were receiving haemodialysis were excluded, as were renal transplant patients. There was
no clear trend for change in pharmacokinetics asrggups with increasing renal

dysfunction. The expected aremderthe-curve (AUC) ratio between the subjects with the
lowest and highest CrCl was estimated to be 0.88 (95% confidence interval (€1).83458
which was not significant.

IdornP°reported on 24 patients with type 2 diabetes and ESRD who were randomly
allocated to 12veeks of doubléblind liraglutide (titrated to a maximum dose of 1.8 mg) or a
placebo. Dos&orrected plasma trough liraglutide concentration was evaluated at the final
trial visit as the primary outcome measure, using a linear mixed model. Twenty patients
completed the study period, and doserrected plasma trough liraglutide concentration at
the final visit was increased by 49% (95%-@D8; p=0.02) in the group with ESRD,
compared with a control group of those with type 2 diabetes and normal renal function.
Initial and temporary nausea and vomiting occurred more frequently among liragiutide
treated patients with ESRD, compared with the control group (p<0.04). The authors
suggested that a reduction in treatment doses and a prolonged titration period may be
advisable for patients with ESRD.

A metaanalysis from the six Liraglutide Effect and Action in Diabetes (LEAD) trials also
showed that glycaemic efficacy and the safetyiraiglutide in patients with mild renal
impairment (estimated glomerular filtration rate (eGFR) of 68689 mL/min/1.73 m) was
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similar to that in patients with normal renal functié#. Data from patients with type 2
diabetes who had normal renal functipmild renal impairment or moderate or severe renal
impairment were pooled for analysis. Renal function was measured by CrCl (Cot¢kardit
formula) in the following categories: normal renal function = GfG&B9 mL/min; mild renal
impairment =CrCl 060-89 mL/min; and moderate or severe renal impairment = Gfr€b0
mL/min. The metaanalysis included patients who administered owzsly liraglutide (1.2

mg or 1.8 mg) or a placebo as either monotherapy or in combination with oral antidiabetic
drugs for26 weeks. In addition, a pooled analysis of all phase 2 and 3 liraglutide trials was
undertaken to examine rates of altered renal function.

Mild renal impairment did not affect the estimated treatment differences in HbAlc;

however, the decreases in bodyight and systolic blood pressufBP)were not significant,
compared with the placebo. Liraglutide treatment versus placebo was safe and well
tolerated in patients with mild renal impairment, as there were no significant differences in
rates of renal injuy, minor hypoglycaemia or nausea. A trend towards increased nausea was
observed in patients with moderate or severe renal impairment who were receiving
liraglutide, although the number of patients in this treatment group was too low to

determine significace.

The large, posapproval cardiovascular outcomes trial for liraglutide, known as LEADER, was
published in June 20187 A total of 9,340 patients with type 2 diabetes were randomised,

with 4,668 patients being assigned to receive liraglutide and 4p@fi2ntsbeingassigned to

the placebo group. In total, 96.8% of the subjects completed a final visit, died or had a
primary outcome. The vital status of trial participants was known in 99.7% of cases, which
indicated that it was a wettonducted study. Aie median time of exposure to liraglutide was

3.5 years and the mean percentage of time that patients received the trial regimen was 84%
for liraglutide and 83% for the placebo. The median daily dose of liraglutide was 1.78 mg and
this included periods dimg which subjects did not receive study medication. Overall, 2,158
(23.1%) of the LEADER patients had an estimated GFR wfL##@V1.73 n?, and (as

mandated by the US Food and Drug Administration (FDA)) a small cohort (n=224 (2.4%)) had
an eGFR of <30lfmin/1.73 mre.

The primary endpoint for the overall study (cardiovascular death;fatal myocardial
infarction (MI) and notfatal stroke) was reduced by 13%, showing statistical superiority for
liraglutide versus the placebo. Subgroup analyses of theasy endpoint included a renal
analysis that compared patients with an eGFR of <60 mln7i& n? with those above that
level. Although the statistical testing was not corrected for multiple analyses, there was
heterogeneity confirmed at a p value of 0,@dith patients with stage 3 CKD or worse
showing greater cardiovascular disease benefit.

The LEADER tri al al so analysed renal events as
renal events were as follows:

f “"new onset of persistent macroal bumi nuri a

T “"pessent doubling of serum creatinine (and
T “"need for continuous renal replacement ther
T “"death due to renal di sease’

Overall, there was a 22% reduction in the hazard ratio (HR) for a composite of the renal

events, which was statistithg significant (p=0.003). This was in contrast to the eye

“mi crovascul ar event rates, whb2)cdbeitssdnhowed an e
significant. Considering the renal endpoints individually, only the new onset of persistent
macroalbuminui was significantly reduced (HR 0.74; CI1-@62R), although the creatinine

and renal replacement endpoints were numerically less. The number of deaths in the study

that were attributable to renal disease was low (n=13). Importantly the number of other
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adverse renal events (including AKI) was no different between the liraglutide and placebo
groups?®

The LIRARENAL trial was conducted to establish the efficacy and safety of liraglutide as an
add-on therapy in patients with inadequately controlled typeialsbtes and moderate renal
impairment?* In total, 279 patients with an HbAlc cf170% (5384 mmol/mol), a BMI of
20-45 kg/n?, an eGFR of 369 mL/min/1.73 nt and modification of diet in renal
diseasgMDRD) were randomised to 1.8 mg liraglutide odady or a placebo. The

treatment difference in HbAlc from the baseline to week 26 was 0.66%, and there was a
greater reduction in body weight with liraglutide2.41 kg) than with the placebe1.09 kg).

No changes in renal function were observed: the tramsnmon adverse events were
gastrointestinal sideeffects and there was no difference in hypoglycaemia between the
treatment groups.

As a result of this study evidence, no dose adjustment of liraglutide is required for patients
with mild or moderate renaimpairment (CrCbf 60-90 mL/min and 3659 mL/min,
respectively).

At the request of the FDA, the LEADER study included 224 patients with severe renal

impairment (eGFR <30 mL/min/1.73)mof whom 117 were randomised to receive

liraglutide?'2213As a result of this, the SPC for the EU was updated on 25 July 2017 to state

the following: ‘No dose adjustment is required
renal i melisaglutise €an be used in patients with an e@®@FRL5 mL/min There is

little therapeutic experience in patients with ESR®Jiraglutide is currently not

recommended for use in this cohort.

TheAssociation of Bri (ASIKDClkiininaal olRdawd blet aluddgi st
liraglutide use in patients with mild and moderate renal impairment confirmed that a 1.2 mg

dose was safe and efficacious with respect to both glycaemic control and weight, although
discontinuation due to gastroingtinal side effects was greater among those with renal

impairment than those without®®

Lixisenatide

Lixisenatide is a once daily GLIRA that has a shorter hdife than liraglutide. It is usually
classed as a shedcting GLARA that has a predominaattion on postprandial glucose
excursions, possibly mediated by slowed gastric emptying.

No dose adjustment is required for patients with mild renal impairment (defined aoCrCl

50-80 mL/min) but monitoring for changes in renal function is recommensrEthuse a

higher incidence of hypoglycaemia, nausea and vomiting was observed in these patients

during clinical trial$!* There is limited therapeutic experience in patients with moderate

renal impairment (Cr@f 30-50 mL/min), so it is recommended thiatisenatide should be

used ‘with caution’ in this population, with ¢
adverse effects and renal changes. An ongoing study (Effect of LIXIsenatide on the Renal

System (ELIXIRS)) is currently examining the ingbdigisenatide on renal function in 40

patients with type 2 diabete%!

There is no therapeutic experience of lixisenatide use in patients with severe renal
impairment (CrCbf <30 mL/min), where only five such patients were included in the
controlled gudies. Similarly, there is no experience in those with ESRFofGrT3 mL/min)
and, therefore, lixisenatide use is not recommended in these patients.

© Assaociation of British Clinical Diabetologists 2018 60



Dulaglutide

Dulaglutide is a once weekly GLRA that is available in 0.75 mg and 1.5 mg doses via a
disposable injection devic&8 It is presumed to be degraded into its component amino acids
by general protein catabolism pathways. The pharmacokinetics of dulaglutide were
evaluated in a clinical pharmacology study and were generally similar betweehyheal
subjects and patients with mild to severe renal impairment (6f€B0 mL/min), including
those with ESRF (requiring dialys$i8)n clinical studies, the dulaglutide safety profile in
patients with moderate renal impairment was similar to the peofit the overall type 2
diabetes population. These studies did not include patients with severe renal impairment or
ESRD. A 2@eek study comparing dulaglutide with insulin glargine in participants with type
2 diabetes and moderate or severe CKD (AWARTas reported comparable glycaemic
control 22° Dulaglutide, however, led to greater weight loss and less hypoglycaemia than
insulin glargine. In addition, eGFR decline was mitigated and albuminuria was reduced: these
benefits were most evident when the alimin:creatinine ratio (ACR) exceeded 30 mflg.

As a result of these datap dosage adjustment is required in patients with mild, moderate
or severe renal impairment (eGBR< 9 0 t o =15 ¥ Given thdt there7is3verym
limited experience in patients withn eGFRof <15 mL/min/1.73 nm? or ESRF, dulaglutide use
is not recommended in these patients.

Albiglutide

Albiglutide is a recombinant fusion protein that is composed of two copies ofaarfGo

acid sequence of modified human GLlLBenetically fused in series to human albumin. The
recommended starting dose of albiglutide is 30 mg once weekly, administered
subcutaneously; this may be increased tod§ once weekly, based on the individual
glycaemé responsé?®

In a population pharmacokinetic analysis that included a phase Il trial in patients with mild,
moderate and severe renal impairment, exposures were increased by approximately 30% to
40% in severe renal impairment, compared with patienthwjpe 2 diabetes and normal

renal function. In addition, a clinical pharmacology study showed a similar increased
exposure for patients with moderate or severe renal impairment or those on haemodialysis,
relative to patients with no renal impairment. Theedifferences were not considered to be
clinically relevant®

The efficacy of albiglutide was evaluated in a randomised, debibid, activecontrolled
52-week study in 486 patients with mild, moderate and severe renal impairment that was
inadequately ontrolled on a current regimen of diet and exercise or other antidiabetic
therapy?® Albiglutide 30mg subcutaneously weekly (with dipration to 50 mg weekly if
needed) was compared with sitagliptin, and the primary endpoint was a change in HbAlc
from the baseline at 26 weeks. Treatment with albiglutide resulted in statistically significant
reductions in HbAlc from the baseline at week 26 compared with sitagliptin. The model
adjusted mean decrease in HbAlc from the baseline with albiglutide-&88 (n425),

—0.83 (n=98) and1.08 (n=19) in patients with mild (eGBR60-89 mL/min/1.73 ),

moderate (eGFRf 30-59 mL/min/1.73 M) and severe (eGFR<30 mL/min/1.73 ) renal
impairment, respectively.

On the basis of these data, no dose adjustmemecessary for patients with mild and
moderate renal impairment (eGER60-89 and 3659 mL/min/1.73 m, respectively).
Experience in patients with severe renal impairment (e6R0 mL/min/1.73 ) or those
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on dialysis is very limited, but there wasigher frequency of diarrhoea, nausea and
vomiting. For these reasons, albiglutide is not recommended in this cohort.

On 26 July 2017, GSK announced that albiglutide will be withdrawn from all markets by July
2018 and it advised that no new patients skabbe initiated on this agerf®®

Semaglutide

Semaglutide is a GURRA with an extended halife of approximately 1 week, permitting
onceweekly subcutaneous dosingwas given market authorisatidor the treatment of
type 2 diabetesn Europe in February 2018he SUSTAIN 6 tfflwas initiated pre

approval and designed to assess roferiority of semaglutide compared with a placebo, in
terms of cardiovascular safety in patients with type 2 diabetes. Overall, 3,297 patients
undernwent randomisation, of whom 3,237 (98.0%) attended the last follpavisit (at an
investigator site or by a phone visit) or died during the trial. Vital status was known for
99.6% of the patients at the end of the trial. The median observation time wagear. The
mean percentage of time on the trial medication was 86.5% for semaglutide and 89.5% for
the placebo.

The composite primary outcome (cardiovascular death -fadal Ml and norfatal stroke)
occurred in significantly fewer semaglutititeated paients (108out of 1,648 (6.6%))
compared with the placebtreated patients (14®ut of 1,649 (8.9%)) (HR 0.74; Cl 858
0.95; p=0.02 for superiority, a nespecified statistical analysis). Recruits were included in
the trial down to an eGFR of 31 mL/iirv3 n¥, but subgroup analyses according to eGFR
have not yet been published.

As was the case in the LEADER trial, renal microvascular outcomes wepepifeed

secondary outcomes, and there was a significant reduction of the composite renal endpoints
(HR 064; CI 0.460.88; p=0.005). This benefit was driven by a fall in new cases of persistent
macroalbuminuria (2.5% versus 4.9% of cases) whereas the number of patients who had a
doubling of serum creatinine and/or needed continuous renal replacement thexeagy

small and similar between groups.

Diabetic retinopathy endpoints were experienced by significantly more patients who were
treated with semaglutide (50 patients (3.0%)) than the placebo (29 patients (1.8%)). The
reason for this is unknown, but a highdeline prevalence of significant retinopathy, a
higher baseline HbA1 than in other studies and a rapid marked decline in blood glucose
levels may together have contributed to this outcodfeFurther analyses and studies are
awaited.

According to thesummary of product characteristics (SP@) dose adjustment of

semaglutide is required for patients with mild, moderate or severe renal impairment and so
it may be used in patients with an eG&R-15 nmi/min/1.73 n?. Experience with the use of
semaglutiden patients with severe renal impairment is limited. Semaglutide is not
recommended for use in patients witBSRFZ®
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Renal impairment — CKD stage

45-59) (eGFR 44-30)

3a (eGFR 3b

(eGFR 29-15) (eGFR <15)

Reduce dose to 500 BD*

Dose reduction advised.
CBG

<50 mL/min reduce doseto  |Reduce dose to 50 mg

| Dose reduction advised CBG Dose reduction advised CBG

Reduce dose to 25 mg Reduce dose to 25 mg

Reduce dose to 2.5 mg

|Caution in CrCI$ <50 mL/min

Reduce dose to 2.5 mg

[Caution in crci=** <s0

Conservative dosing
mL/min

|Reduce dose to 5 mg

|Reduce dose to 100 mg.
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Drug Class of drug
Metformin Biguanide
Gliclazide Sulphonylurea
Repaglinide Meglitinide
Sitagliptin DPP-4i
Saxagliptin DPP-4i
Linagliptin DPP-4i
Pioglitazone** Thiazolinedione
Lixisenatide GLP-1 agonist
Exenatide GLP-1 agonist
Exenatide MR GLP-1 agonist
Liraglutide GLP-1 agonist
Dulaglutide (Trulicity) |GLP-1 agonist
Dapagliflozin SGLT-2i
Canaglifozin SGLT-2i
Empagliflozin SGLT-2i

Insulin

* Sick day guidance

|Reduce dose to 10 mg

Dose rgduciion may be
needed

‘ Dose reduction might be needed

Dose reduction should be needed

** Monitor for fluid retention, contraindicated in heart failure, macular cedema

*** CrCl — creatinine clearance as an estimate of glomerular filtration rate (GFR), usually calculated using Cockroft—Gault equation

**** Use of Liraglutide for eGFR <15 mL/min is off licence as there is insufficient evidence of substantial grade, but some studies suggest no harm, which is in keeping with its liver metabolism
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Medicines sick day guidance

Omit taking the medications listed below when you are unwell with any of the following:

* persistent vomiting or diarrhoea
» fever with significant sweating and shaking.

These medications are all very important, but when you are seriously ill or become
dehydrated, they may cause side effects.

These medications can be restarted once you start eating and drinking normally after 24—
48 hours. If your sickness lasts longer than that, you would be best advised to seek medical
attention.

If you have diabetes and you usually monitor your blood glucose at home, increase the
number of times that you check your blood glucose levels. If your levels run too high or too
low, contact your diabetes team.

If you are taking insulin, seek medical advice regarding dose adjustment if you are
uncertain, but never stop taking the insulin.

If you are in any doubt, contact your pharmacist, GP or nurse.

Medications to omit temporarily

Metformin

SGLT-2 inhibitors: medicine names ending in ‘flozin’
eg canagliflozin, dapagliflozin and empagliflozin

SGLT-2: medicine names ending in ‘tide’
eg exenatide, liraglutide, dulaglutide and lixisenatide

ACE inhibitors: medicine names ending in ‘pril’
eg lisinopril, perindopril and ramipril

ARBs: medicine names ending in ‘artan’
eg losartan, candesartan and valsartan

NSAIDs: anti-inflammatory painkillers
eg ibuprofen, diclofenac and naproxen

Diuretics: sometimes called ‘water pills’

eg furosemide, indapamide, bendroflumethiazide, bumetanide and spironolactone

ACE = angiotensin-converting enzyme; ARBs = angiotensin receptor blockers; NSAIDs = non-steroidal anti-inflammatory

drugs; SGLT =sodium-glucose cotransporter.
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