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Problems with drug Problems with drug 
administration in CRFadministration in CRF

Numerous drugs to treat coNumerous drugs to treat co--morbid conditions morbid conditions 
in CRF patientsin CRF patients
Important incidence of sideImportant incidence of side--effects associated effects associated 
with high morbiditywith high morbidity
Secondary to inadequate dosageSecondary to inadequate dosage

Repercussions of CRF on Repercussions of CRF on 
pharmacokinetics of drugspharmacokinetics of drugs

Despite the adjustment of dosage in function of Despite the adjustment of dosage in function of 
glomerular filtration, there is an accumulation of glomerular filtration, there is an accumulation of 
several dr gs that co ld only be explained by aseveral dr gs that co ld only be explained by aseveral drugs that could only be explained by a several drugs that could only be explained by a 
decrease in their nondecrease in their non--renal clearancerenal clearance

MetabolismMetabolism

Transport Transport 

Repercussions of CRF on nonRepercussions of CRF on non--renal renal 
clearance of drugsclearance of drugs
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PlanPlan

Repercussions of CRF on nonrenal clairance of drugs in animals and humanRepercussions of CRF on nonrenal clairance of drugs in animals and human
MetabolismMetabolism
TransportTransport

Administration of drugs in CRFAdministration of drugs in CRF
New recommendationsNew recommendations

FDAFDA
KDIGOKDIGOKDIGOKDIGO

Cytochrome P450 (Phase I)Cytochrome P450 (Phase I)
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Conjugaison reactions (phase II)Conjugaison reactions (phase II)

•• GlucuronidationGlucuronidation
•• AcétylationAcétylation

S lf n ti n ( lf ti n)S lf n ti n ( lf ti n)•• Sulfonation (sulfation)Sulfonation (sulfation)
•• MethylationMethylation
•• GlutathioneGlutathione
•• Acides aminésAcides aminés

Animal model : 5/6 nephrectomyAnimal model : 5/6 nephrectomy

PhysiologicalPhysiological characteristicscharacteristics of the of the 
animal modelanimal model

  Control       CRF 

Weigth (g)  310 ± 10  308 ± 23 

a p < 0.001

Creatinine (umol/L)    57 ± 3  154 ± 12a 

Urea (mmol/L)   5.6 ± 0.7   26. ± 3.9a  

Clearance (mL/min) 0.88 ± 0.5 0.33 ± 0.03a

 

 

JASN 12:326, 2001JASN 12:326, 2001

Alterations in liver metabolic Alterations in liver metabolic 
enzymes in CRF ratsenzymes in CRF rats

Clin Pharmacol Ther 83:898, 2008Clin Pharmacol Ther 83:898, 2008

Mechanism of drug enzymesMechanism of drug enzymes
downdown--regulation in CRFregulation in CRF

Circulating factors in uremiaCirculating factors in uremia

DownDown--regulation of liver P450: regulation of liver P450: 
role of uremic mediatorsrole of uremic mediators
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Effect of CRF on hepaticEffect of CRF on hepatic
NN--acetyltransferasesacetyltransferases

Is there a serum factor that could be responsible 
for these changes?
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JASN 19:1352, 2008JASN 19:1352, 2008

Which circulating factor ?Which circulating factor ?

Several uremic toxins accumulate in CRFSeveral uremic toxins accumulate in CRF
CRF is a state of chronic inflammation : CRF is a state of chronic inflammation : 
cytokinescytokines
CRF i i d i h b liCRF i i d i h b liCRF is associated with numerous metabolic CRF is associated with numerous metabolic 
disturbancesdisturbances

Secondary hyperparathyroidism: elevated parathyroid Secondary hyperparathyroidism: elevated parathyroid 
hormone (PTH)hormone (PTH)

Effect of PTH on liver protein activityEffect of PTH on liver protein activity

J Clin Invest 97:2167, J Clin Invest 97:2167, 19961996

Does PTH depletion by parathyroidectomy Does PTH depletion by parathyroidectomy 
in CRF rats prevent the downregulation of in CRF rats prevent the downregulation of 

P450 3A P450 3A in vitroin vitro??

Protein

JASN 17:3041, 2006 JASN 17:3041, 2006 

mRNA

Activity

Repercussions of CRF onRepercussions of CRF on
drug metabolismdrug metabolism

CRF could decrease the metabolism of drugsCRF could decrease the metabolism of drugs
•• In the liverIn the liver

I th i t tiI th i t ti•• In the intestineIn the intestine

Repercussions of CRF on Repercussions of CRF on 
intestinal metabolism of drugsintestinal metabolism of drugs

Phase I enzymes are present in the intestinePhase I enzymes are present in the intestine

The intestine is implicated in drug metabolismThe intestine is implicated in drug metabolismThe intestine is implicated in drug metabolismThe intestine is implicated in drug metabolism
FirstFirst--pass metabolismpass metabolism
Systemic metabolismSystemic metabolism
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Bioavailability of drugs: intestinal first Bioavailability of drugs: intestinal first 
pass metabolism and drug extrusionpass metabolism and drug extrusion

Portal vein

Enterocyte

Intestinal 
Lumen

T t

Liver

CYP450

Transporters

Alterations in intestinal metabolic Alterations in intestinal metabolic 
enzymes in CRF ratsenzymes in CRF rats

Clin Pharmacol Ther 83:898, 2008Clin Pharmacol Ther 83:898, 2008

Repercussions of CRFRepercussions of CRF
on drug transporton drug transport

CRF could decrease the transport of drugsCRF could decrease the transport of drugs
•• In the liverIn the liver

I th i t tiI th i t ti•• In the intestineIn the intestine

Decreased drug liver uptake in CRFDecreased drug liver uptake in CRF

Alterations in liver drug transportersAlterations in liver drug transporters
in CRF ratsin CRF rats

Clin Pharmacol Ther 83:898, 2008Clin Pharmacol Ther 83:898, 2008

Repercussions of CRFRepercussions of CRF
on drug transporton drug transport

CRF could decrease the transport of drugsCRF could decrease the transport of drugs
•• In the liverIn the liver

I th i t tiI th i t ti•• In the intestineIn the intestine
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Bioavailability of drugs: intestinal first Bioavailability of drugs: intestinal first 
pass metabolism and drug extrusionpass metabolism and drug extrusion

Portal vein

Enterocyte

Intestinal 
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T t
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Transporters
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Intestinal drug transportersIntestinal drug transporters

Alterations in intestinal Alterations in intestinal 
transporters in CRF ratstransporters in CRF rats

Clin Pharmacol Ther 83:898, 2008Clin Pharmacol Ther 83:898, 2008

Drug metabolism and transportDrug metabolism and transport
in CRF patientsin CRF patients

Indirect data (pharmacokinetic studies)Indirect data (pharmacokinetic studies)
In vitroIn vitro studiesstudiesIn vitroIn vitro studiesstudies
In vivoIn vivo studiesstudies

Repercussions of CRFRepercussions of CRF
on nonon non--renal clearance of drugsrenal clearance of drugs

Clin Pharmacol Ther 83:898, 2008Clin Pharmacol Ther 83:898, 2008

Oral NMEs with renal impairment Oral NMEs with renal impairment 
studies (2003studies (2003--2007)2007)

Clin Pharmacol Ther 85:305, 2009Clin Pharmacol Ther 85:305, 2009
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Oral NMEs with renal impairment Oral NMEs with renal impairment 
studies (2003studies (2003--2007)2007)

Clin Pharmacol Ther 85:305, 2009

Drug metabolism and transportDrug metabolism and transport
in CRF patientsin CRF patients

Indirect data (pharmacokinetic studies)Indirect data (pharmacokinetic studies)
In vitroIn vitro studiesstudies
I iI i didiIn vivoIn vivo studiesstudies

Downregulation of liver P450:Downregulation of liver P450:
role of uremic mediatorsrole of uremic mediators

BJP, 144:1067, 2005BJP, 144:1067, 2005

Downregulation of liver P450:Downregulation of liver P450:
role of uremic mediatorsrole of uremic mediators

BJP, 144:1067, 2005BJP, 144:1067, 2005

DownDown--regulation of liver P450:regulation of liver P450:
role of uremic mediatorsrole of uremic mediators

BJP, 144:1067, 2005BJP, 144:1067, 2005

Downregulation of liver P450:Downregulation of liver P450:
role of uremic mediatorsrole of uremic mediators

CTL

BJP, 144:1067, 2005BJP, 144:1067, 2005

CRF

CRF post-graft
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Drug metabolism and transport Drug metabolism and transport 
in CRF patientsin CRF patients

Indirect data (pharmacokinetic studies)Indirect data (pharmacokinetic studies)
In vitroIn vitro studiesstudies
I iI i didiIn vivoIn vivo studiesstudies

CYP2C9 activity inCYP2C9 activity in
endend--stage renal diseasestage renal disease

Clin Pharmacol Ther  73:475, 2003Clin Pharmacol Ther  73:475, 2003

Hepatic clearance of erythromycinHepatic clearance of erythromycin
is altered in ESRD patientsis altered in ESRD patients

Clin Pharmacol Ther 87:465, 2010Clin Pharmacol Ther 87:465, 2010

ESRD impairs nonESRD impairs non--renalrenal
clearance of fexofenadineclearance of fexofenadine

JASNJASN 2020::22692269,, 20092009

NonNon--renal clearance of midazolamrenal clearance of midazolam
in ESRD patientsin ESRD patients

JASNJASN 2020::22692269,, 20092009

Why discrepancies between animal Why discrepancies between animal 
an human ?an human ?

The severity of renal The severity of renal 
failurefailure

DialysisDialysis
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Effects of hemodialysisEffects of hemodialysis

JASN 17:2363, 2006JASN 17:2363, 2006

PlanPlan

Repercussions of CRF on nonrenal clairance of drugs Repercussions of CRF on nonrenal clairance of drugs 
in animals and humanin animals and human

MetabolismMetabolism
TransportTransport

Administration of drugs in CRFAdministration of drugs in CRFgg
New recommendationsNew recommendations

What are the strategies to prevent the What are the strategies to prevent the 
accumulation of drugs in CRF patients?accumulation of drugs in CRF patients?

Dose adaptation to obtain identical CDose adaptation to obtain identical Cmaxmax and and 
AUC AUC 
Theoritically:Theoritically:yy
•• Increase the interval onlyIncrease the interval only
•• Decrease the dose only Decrease the dose only 
•• BothBoth

Repercussions of CKD on kinetics of Repercussions of CKD on kinetics of 
drugsdrugs

PlanPlan

Repercussions of CRF on nonrenal clairance of drugs Repercussions of CRF on nonrenal clairance of drugs 
in animals and humanin animals and human

MetabolismMetabolism
TransportTransport

Administration of drugs in CRFAdministration of drugs in CRFgg
New recommendationsNew recommendations

2010 Draft Renal Guidance
- Published for public comments: March 2010 -

An update of  the An update of  the 
1998 guidance1998 guidance

http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInform
ation/Guidances/ucm064982.htm
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Modifications 1998Modifications 1998--20102010

PK studies for nonrenal clearance drugsPK studies for nonrenal clearance drugs
Use of eGFR (MDRD), as well as Clcr Use of eGFR (MDRD), as well as Clcr 
(Cockcroft(Cockcroft--Gault)Gault)
PK di i h di l i ( i di l i )PK di i h di l i ( i di l i )PK studies in hemodialysis (per et interdialytic)PK studies in hemodialysis (per et interdialytic)

Figure 1. Decision tree to determine when aFigure 1. Decision tree to determine when a
renal impairment study is recommended renal impairment study is recommended 

Investigational Drug1

Single-dose use
Volatile Inhalation

Unlikely to be used in renal 
impaired patients

Chronically administered oral, iv, 
sc and likely to be administered 

to target population

No study requiredRoute of elimination

RenalNon-renal
(Metabolism/transport)

Reduced PK study
(in ESRD patients)2 Full PK study 

No dose adjustmentDose adjustmentNegative Positive3

Label

1.Applied to metabolites (active/toxic) 
2 To include both “pre dialysis” and

“during dialysis” (unless large Vd) 
3 Determinants of “positive”: 
- magnitude of PK change
- exposure-response relationships
- the target patient populations 

Label Label

Modifications 1998Modifications 1998--20102010

PK studies for nonrenal clearance drugsPK studies for nonrenal clearance drugs
Use of eGFR (MDRD), as well as Clcr Use of eGFR (MDRD), as well as Clcr 
(Cockcroft(Cockcroft--Gault)Gault)
PK di i h di l i ( i di l i )PK di i h di l i ( i di l i )PK studies in hemodialysis (per et interdialytic)PK studies in hemodialysis (per et interdialytic)

GFR evaluationGFR evaluation

The diagnosis of renal failure (and its The diagnosis of renal failure (and its 
classifiaction)classifiaction)

MDRD (ou CKDMDRD (ou CKD--EPI)EPI)
Th j it f PK d t i CRF ti tTh j it f PK d t i CRF ti tThe majority of PK data in CRF patientsThe majority of PK data in CRF patients

CockcroftCockcroft--Gault (CGault (C--G)G)

AJKD 54:33AJKD 54:33--42, 200942, 2009 Modifications 1998Modifications 1998--20102010

PK studies for nonrenal clearance drugsPK studies for nonrenal clearance drugs
Use of eGFR (MDRD), as well as Clcr Use of eGFR (MDRD), as well as Clcr 
(Cockcroft(Cockcroft--Gault)Gault)
PK di i h di l i ( i di l i )PK di i h di l i ( i di l i )PK studies in hemodialysis (per et interdialytic)PK studies in hemodialysis (per et interdialytic)
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Prevalent Patient Counts (USRDS)Prevalent Patient Counts (USRDS)--
by Modalityby Modality

> 300,000

ConclusionsConclusions

Clin Pharmacol Ther 83:898, 2008Clin Pharmacol Ther 83:898, 2008
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