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Clinical pharmacokinetics of Immunosuppressant
 2006.12.05인제대학교 부산백병원
 권 현 주
 KSHP TDM sig.
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Cyclosporine
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 Introduction
 Cyclosporine Lipophilic cyclic polypeptide immunosuppressant From a culture containing the fungus Tolypocladiuminflatum Gams
 Clinical indicationProphylaxis of organ rejection in solid organ transplantationPrevention of graft-versus-host disease in BMTAutoimmune disease (psoriasis, RA…)
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 Immunosuppressant in transplantation
 Ref. N Engl J Med 2004;351:2715-29
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 Mechanism of Action
 Calcineurin inhibitorInhibition of T lymphocyte proliferation
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 Dosing information (Transplantation)
 Transplanted organ rejection prophylaxisInitial (PO) 수술 4~12hr전부터 15(KTP 10~14)mg/kg PO for 1-2wks
 (IV) 경구복용 가능할 때까지 5-6 mg/kg/day IVMaintenance (PO) Taper 5%/week to 5~10 mg/kg/day PO
 (KTP ~3mg/kg/day)
 GVHD Prophylaxis D-1 or D-2, 3~5 mg/kg/day cont. IV inf. 4~10 mg/kg/day #2 PO 부산 백병원 BMT protocol
 D-1 : 1.5mg/kg Q12hr(~5mg/kg/day) IV for 6hr 2(~3)주 후 가능하면 PO change tapering off (D60~D180)
 Ref. Micromedex 2006.
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 Dosing information (Other disease)
 Aplastic anemia5mg/kg/day #2 PO(Day1~180)Whole-blood trough CsA-levels : 75~200ng/ml
 Atopic dermatitis (severe)initial : 2.5mg/kg/day #2, 아주 심한 경우 5mg/kg/day #2 2주 후 치료효과 없을 때 1 mg/kg/day씩 증량, 8주 후 slow tapering Max : 5 mg/kg/day
 Crohn's diseaseInitial : 8~10mg/kg/day for 4~6months5 mg/kg/day이하의 용량은 ineffective
 Psoriasis Initial : 2.5mg/kg/day #22주 간격으로 임상 반응과 tolerability에 따라 0.5 mg/kg/day 증량 가능Max : 4 mg/kg/day
 Rheumatoid arthritisInitial : 2.5mg/kg/day #28~12주 간격으로 0.5~ 0.75 mg/kg/day 증량Max : 4mg/kg/day
 Ref. Micromedex 2006.
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 Dosage in disease state
 Severe cholestasisCL↓, nephrotoxicity↑, accumulation of metabolites
 Renal failureCRF : 초기용량 조절 불필요
 HD, PD : 투석 전후 용량 조절 불필요
 ObesityDosing weight : IBW
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 Stability and Administration
 Injection Dilute with D5W or NS (24hr stable)IV infusion for 24hr or 2~6hr intermittent IV30℃이하 차광보관, 냉장 금함
 Oral solution Microemulsion CsA 100mg/ml20~25℃, 차광 보관
 Glass container 사용
 복용직전 Orange or apple juice에 희석
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 Absorption
 Highly lipophilicLarge intra- and inter-patient variability Pre-systemic metabolism via gut CYP3A and P-gp
 Low irregular GI absorptionBA : 30~50%Tmax (CsA modified) : 1.5~2hrTmax (CsA) : 2~6hrFactors which influence absorption
 Fat content of meal : high fat meal BA ↑Bile production and flow : 특히 간이식
 Diarrhea : BA ↓Others : intestinal disease, intestinal surgery, bowel length
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 Oral CsA, Sandimmune vs. Neoral
 New microemulsion formulation(CsA modified)
 More quickly & completely absorption
 BA (Cmax, AUC , Tmax )
 PK variability
 Not bioequivalent
 Unpleasant taste 개선
 Poor BA
 High inter-, intra-patient variability
 Original formulation
 Oil-based formulation (olive oil)
 Unpleasant taste
 Sandimmunesolution
 Sandimmunesolution
 Sandimmune
 Cap.
 Sandimmune
 Cap. NeoralNeoral
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 Distribution
 Extensive extravascular distribution Vd : 3~5L/kgProtein binding : 90~98% (primarily bind to lipoproteins) Crossed the placenta (FDA pregnancy category : C)Distributed into human milkDistributed to blood
 Plasma(33~47%), lymphocyte(4~9%), granulocyte(5~12%), erythrocyte(41~58%)온도 낮고 Hct. 높을 수록 erythrocyte내 분포 커짐
 Others : Fat, kidney, liver, pancreas, skin, synovial fluid
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 Metabolism
 Metabolism Sites Liver : extensive Intestinal wall, kidney : small
 Metabolized by the CYP3AAt least 30 metabolites
 Hydroxylation, N-demethylationMain metabolite : AM1, AM9, AM4N
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 Excretion
 Excretion Bile : Extensive Renal : 6% (unchanged drug : 0.1%)
 Elimination half-lifeT1/2α : 1.2hrT1/2β : 6~24hr
 CL : 5~10ml/min/kg PD, HD, plasmapheresis : 제거 안됨
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 Adverse effect
 NephrotoxicityMain dose limiting ADRClinical features : S.Cr, BUN 증가, hyperkalemia, hyperuricemia, hematuria, fluid retention, edemaAcute nephrotoxicity
 Dose dependent, reversibleRenal vasoconstriction renal vascular resistance 증가, renal blood flow 감소 GFR 감소
 Chronic nephrotoxicityRenal tissue damage
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 Adverse effect
 CardiovascularHypertension : most common ADRHyperlipidemiaMyocardial hypertrophy
 Neurological Tremor, paresthesia, headache, confusion, seizureRisk 증가 인자 : hypomagnesemia, hypertension, high dose steroid therapy, AED(CMZ, DLT)와의 DI
 InfectionCMV, PCP, UTI, candida, herpesProphylactic antibiotics (3~6month)
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 Adverse effect
 MetabolicHyperuricemia, hyperkalemia, DM, hypomagnesemia
 GIDiarrhea, nausea, vomiting, anorexia, abd.pain, peptic ulcer
 Others Cosmetic : hirsutism, gingival hyperplasia, acneHepatic : abnormal LTF(GOT/GPT, LDH ) Neoplastic : PTLD Muscle weakness

Page 18
                        

18
 Comparison of adverse effects
 ++
 +
 ++
 ++
 ++
 ++
 ++
 ++++
 TAC
 Monitor glucose+Glucose alteration
 Dietary counseling, 필요 시 약물요법++Hyperlipidemia
 LFT monitor+Hepatotoxicity
 혈중농도 check, 용량 조절+Headache
 Monitor S.Cr/BUN, 용량 조절, 필요 시중단
 ++Nephrotoxicity
 TAC : pleural effusion, dyspneaRespiratory abnormality
 TAC : N/V/D/A, 식사와 함께 복용, ulcer prophylaxis
 +GI abnormalities
 필요 시 용량 조절++Tremor
 BP monitor, Na제한, 항고혈압제++HypertensionManagementCsAADR
 ++: >10% risk, + :<10% risk , Ref. Pharmacotherapy 6th
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 Comparison of adverse effects
 ++
 ++
 ++
 +
 ++
 TAC
 Monitor serum Mg+Hypomagnesia
 Monitor serum electrolytes+Hyperkalemia
 Monitor WBCs+Leucopenia
 Monitor WBCsLeucocytosis
 Monitor PLTsThrombocytopenia
 Pruritis
 환자교육, consider TAC++Hirsutism
 환자교육, dental hygiene++Gingival hyperplasia
 +AcneManagementCsAADR
 ++: >10% risk, + :<10% risk , Ref. Pharmacotherapy 6th
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 Comparison of adverse effects
 Slight difference in the ADR Nephrotoxicity : CsA>TACCVD(BP, CHO, LDL) : CsA>TACCosmetic : CsA>TACPTDM : CsA<TACTremor : CsA<TACHematologic : CsA<TACElectrolyte disturbances : CsA<TAC
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 PK interaction
 CYP3A4 substrate Hepatic enzyme inhibition or induction
 P-gp substrateIntestinal and hepatic first pass effect
 CYP3A potent inhibitor
 P-gp inhibitor
 OATP-C inhibitor
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 PK interaction
 MetoclopramideColchicineImipenem
 Others
 Azoles (ketoconazole, itraconazole, fluconazole)Macrolides (erythromycin, clarithromycin)CCB (verapamil, diltiazem, nicardipine)H2 blocker (cimetidine)AmiodaroneHIV protease inhibitors (ritonavir, indinavir)Grapefruit juice DanazolAllopurinol
 CYP3A P-gpinhibitor
 CsA 혈중농도 증가
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 PK interaction
 DigoxinSirolimus, everolimus (CYP3A & P-gp)Felodipine (CYP3A & P-gp)Rosuvastatin, pravastatin, pitavastatin (OATP-C)Lovastatin, simvastatin, atorvastatin (CYP3A)
 병용약물의 혈중농도 변화
 OctreotideOrlistatTiclopidine
 Other
 RifampinAEDs (phenytoin, phenobarbital, carbamazepine)St.John’s wortTroglitazone
 CYP3A P-gp inducer
 CsA 혈중농도 감소
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 PD interaction
 CCB, phenytoinGingival hyperplasia
 ACE inhibitor, K sparing diureticsHyperkalemia
 StatinsReversible rhabdomyolysis
 Myopathy
 Aminoglycosides, vancomycin, co-trimoxazole, amphotericin B, NSAIDs, acyclovir, ganciclovir
 Nephrotoxicity
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 Therapeutic Drug Monitoring
 Rationale for TDM Rationale for TDM
 Narrow therapeutic index
 Poor correlation between dose & blood conc.
 High Inter-, intra-patient PK variability
 Sub(supra) therapeutic conc.의 임상적 중요성
 Narrow therapeutic index
 Poor correlation between dose & blood conc.
 High Inter-, intra-patient PK variability
 Sub(supra) therapeutic conc.의 임상적 중요성
 GoalsGoals
 Best combination of efficacy-tolerability
 Tailoring individual dosage
 Best combination of efficacy-tolerability
 Tailoring individual dosage
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 Factors affecting CsA blood conc.
 Blood concentrationBlood concentration
 Preexisting factor
 Preexisting factor
 Age DiseaseRace Diet
 Activity of CYP3A& P-gp
 Age DiseaseRace Diet
 Activity of CYP3A& P-gp
 Clincalstatus
 Clincalstatus
 Time after Transplantation RejectionInfection
 Liver functionGut function
 Time after Transplantation RejectionInfection
 Liver functionGut function
 ConcomitantTherapy
 ConcomitantTherapy
 Transplant organ
 Transplant organ
 CYP3A & P-gpInducerInhibitor
 CYP3A & P-gpInducerInhibitor
 KidneyLiverHeart
 KidneyLiverHeart
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 Therapeutic range
 Matrix : Whole blood Analytical Methods
 Immunoassays : 임상에서 주로 이용 (FPIA)HPLC : resolve cyclosporine metabolites
 50~125150~400HPLC
 50~125150~400FPIA monoclonal
 150~400200~800FPIA polyclonal
 50~125150~400RIA monoclonal
 Serum/plasma (ng/ml)Whole blood (ng/ml)Assay
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 Therapeutic range
 Target range : vary from center to centerAnalytical method, type of transplant, immunosuppressive protocols, individual factors
 Immunosuppressive protocol이 동일한 Canadian center 두 곳의target range 비교 (for KTP)
 Center 1 : HPLC with UV detectionCenter 2 : Abbott TDx monoclonal antibody immunoassay
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 Follow-up
 For first 2 weeks : 3-7days a weekFor following 2 weeks : at least 3 timesFrequency of TDM should be increased
 Case of suspected adverse events or rejectionLiver function↓Administration route & formulation changeCYP3A4 & P-gp interaction drug are added or discontinuedSevere illness (ex. immune reaction or sepsis)Noncompliance
 Frequency of Monitoring
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 TCM vs C2 monitoring
 현재 임상에서 TCM을 대체하기
 힘듬
 흡수에 문제 있는 환자의 경우 고려
 Weak correlation with drug exposure and clinical outcome
 치료농도에서 독성 발현하는 환자 있음
 단점
 AUC0-4 : 투여 후 4시간 이내의 흡수가 환자간 variability 가장 큰period 이 기간의 적절한 CsA 흡수가 rejection 예방에 중요
 AUC0-4의 predictor : C2가 best single point
 Simple : routine monitoring 널리 연구됨
 장점
 C2TCM
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 C2 monitoring
 MO2ARTMonitoring Of 2 hours Absorption in Renal Transplantation
 유효한efficacy
 TCM과
 비교
 9.2%
 3 pt. died & no other graft failure after 3 months
 Lower - C2 (n=119)
 Adverse event
 Graft function
 BPAR incidence
 pt. & graft survival
 Results Phase 2Phase 1(n=296) Higher - C2 (n= 131)
 8.1% (24pt)
 no differ7.6%11.5%
 no differMean GFR (at 12month) - 67±15㎖/minMedian S.Cr - 132㎛ol/L
 no differ1 pt. died & no other graft failure after 3 months
 96.6% & 91.2%
 •12-month, prospective, randomized, open-label trial• Phase 1 & Phase 2
 Phase 1 : efficacy & safety in first 3 monthsPhase 2 : optical C2 level in the maintenance phase
 beyond 3 months• CsA-ME dose
 – initiated at 5mg/kg/bid, adjusted to C2 target range• Sampling time : 2hr±15min ( HPLC or MCA )
 • C2 target range
 Ref. Transplantation 2003;76:903-908 /2005;79:577-583
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 Monitoring parameter
 CsA blood conc.Renal function : S.Cr, BUN, UOP, I/O, edema, WtHepatic function : GOT/GPT, bilirubinElectrolytes : K, MgADR monitoring
 BP Lipid profileBlood glucoseTremor or seizureOther ADR
 Graft rejection or GVHD 발현의 임상양상
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 IV steady-stateCpss = (S)(F)(Dose)/τ/CLCL = Ke*Vd
 PO steady-stateKe = [ln(Cpssmin+(S)(F)(Dose)/Vd)-ln(Cpssmin)]/τ
 Desired dose = [Cpss desired/Cpss current] X Dose current
 Equation
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 Chronic allograft nephropathy & CNI sparing strategies
 Ref. Pediatric transplantation 2006;10:721-729
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 Chronic allograft nephropathy & CNI sparing strategies
 Limitation of continued CNI therapy
 Nephrotoxicity & CVD risk CAN
 Poor long term graft outcome
 CNI sparing (CNI withdrawal, CNI avoidance, CNI-free) regimen
 Strategies to optimize posttranplantation renal function
 Newer
 Immunosuppressant
 (sirolimus, everolimus…)
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 Genetic factor
 Ethnicity African-American vs Caucasian
 Greater polymorphism in MHCCo-stimulatory molecule expression 증가
 CYP3A, MDR1 gene expression 차이
 P-gp-mediated effluxHigh intestinal P-gp expression
 CYP3A-mediated metabolismCYP3A4 : no significantCYP3A5 : high CYP3A5 expression
 CsA, TAC BA 감소, CL 증가
 More aggressive Immunosuppression In African-American
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 Genetic factor
 Pharmacogenetic monitoringP-gp & CYP3A genotype Activity of CYP3A enzymes (phenotype)Cytokine polymorphism
 Ref. Ther Drug Monit 2006;28:23~30
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 Genetic factor
 Ref. Ther Drug Monit 2006;28:23~30
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 Genetic factor
 Individualization of drug therapy
 Drug toxicity Over-immunosuppression
 Under-immunosuppression
 Pharmacogenomics as a predictor of PK & PD
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 Genetic factor
 In the future
 MDR1*2 haplotype(C3435T, G2677T/A, C1236T)
 Low MDR1P-gp 활성 감소
 TAC Cp 증가
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Tacrolimus
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 Introduction
 Tacrolimus(FK-506)1984, from Streptomyces tsukubaensisPotent immunosuppressantMacrolide lactone structure
 IndicationProphylaxis of organ rejection after solid organ transplantationGVHD prophylaxisAutoimmune disease (Topical : atopic dermatitis)
 Initial dosage(PO) 0.1~0.2mg/kg/day #2(IV) 0.03~0.05mg/kg/day cont. inf.
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 PK parameter
 Biliary excretionHalf-life : 8~12hr(range 4~41hr)CL : 0.04~0.083L/kg/hr
 Liver, GI CYP3A4Oxydation, demethylation,hydroxylationAt least 9 metabolites
 ExcretionMetabolism
 Vd : 1L/kg (range 0.85~1.94L/kg)PB : 72~99%(α1-acid glycoprotein, albumin)
 BA : highly variable F : 25%(4-93%) Tmax: 1.6-2.3hr
 DistributionAbsorption
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 TDM
 ImmunoassaysMEIA(Microparticle enzyme-linked immunoassay) - Abbott IMxELISA(Enzyme-Linked Immunosorbent Assay)
 Therapeutic rangeMonitor 12hr trough level
 Correlate with AUC & toxicity Whole blood TR : 5~20ng/ml (이식초기) Risk of TAC toxicity↓: trough conc. <15ng/mL
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CASE presentation
 1. Abnormal LFT & dose reduction2. CsA - Itraconazole DI3. CsA - Rifampin DI 4. CsA induced nephrotoxicity5. Rejection & TAC change
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 CASE 1. Abnormal LFT & dose reduction
 이**, M/53, 166cm,70kg
 PMH 1996. glomerulonephritis2002.2 CRF Dx, AV shunt HD 시작
 2006.5 KTP (cadaver)HTN, DM 등 기타 합병증 없이 신기능 신속한 회복Kidney doppler, renal scan : normal function kidney 이식 5일째부터 서서히 GOT/GPT 증가 시작
 t-prot, alb, t-bili : normalHBs Ag/Ab(-/-), HCV Ab(-), HAV IgM(-), Hbc Ab IgM(-), HCV PCR(-)
 Medication : CsA, MMA, PDS, G-cell, co-trimoxazole, PPI
 지속적인 GOT/GPT 상승으로 낮은 target range(100~150ng/ml) 원함
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 Hepatotonous tx55/135205175-125D6
 52/142199150-150D7
 34/132228150-150D8
 242150-150D9
 134/186
 128/215
 20/23
 13/25
 GOT/GPT
 166100-75D12
 157100-100D11
 Abd.USG : chronic liver dz. Focal parenchymalcalcification
 204150-100D10
 S.Cr : 1.1~1.2유지됨1.1200-150D5
 1.2229275-125D4
 1.6575275-225D3
 2.9115275-275D2
 7.8123275-0D1
 KTP(9:30PM)10.1275-0D0
 S/SS.CrCsA conc.CsA Dose
 CASE 1. Daily CsA dose-conc.
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 49/154
 72/190
 95/204
 85/195
 79/195
 134/245
 GOT/GPT
 OPD LFT f/u : 이후 서서히 정상화
 CsA dose : LFT 회복 후 현재 75-75 po bid 9050-50
 <discharge>D18
 11750-50D17
 13975-50D16
 13575-75D15
 12375-75D14
 1.1138100-50D13
 S/SS.CrCsA conc.CsA Dose
 CASE 1. Daily CsA dose-conc.
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 TDM 자문사례
 Interpretation : Upper margin of therapeutic range
 PK parameterVd = 3.89L/kgCL = 0.26L/hr/kgT1/2 = 10.4hr
 Recommendation1. Cipol-N 150mg po bid 유지하실 때 항정상태에서 예측농도는 192~430ng/ml
 정도로 예상됩니다.2. 치료농도 150ng/ml 이하로 유지하고자 하신다면 저녁에 Cipol-N 100mg po
 투여하심이 바람직할 것으로 사료됩니다. 3. 항정상태에서 혈중농도는 125mg po bid 감량 시 159~358ng/ml, 100mg po
 bid 감량 시 127~286ng/ml 정도로 예상됩니다. 4. 내일 follow-up 하시어 용량 재조정 바랍니다.
 TDM recommendation report (D10)
 Ckin program(Baysian법)
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 CASE 2. CsA - Itraconazole DI
 구**, M/41, 170cm, 69kg
 PMH2004. 10 : AML Dx. (AML(M2)-ETO(+)) 2004. 10 : Induction CTx c Dauno/Ara-C 2004. 12.~2005. 5 : 1st~4th consolidation CTx c HD Ara-C(3rd, 4th : severe conjunctivitis로 20% dose reduction) 2005. 6 BM exam : CR2006. 2 : AML relapse2006. 2/21~25 CTx c FLAG/Ida2006. 3.30 BM exam : CR
 2006.4. sibling Allo PBSCT (brother) conditioning with BuCy
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 Progress noteD-1부터 1.5mg/kg IV bid로 CsA startD7 : severe mucositis poor oral intake r/o candidaD8 : fever 38.8°C r/o neutropenic fever
 empiric antibiotics : cefepime+vancomycin+itraconazole 투여 시작D24 : IGT d/t CsA : insulin 이틀간 사용, 이후 호전D35 : BM - good cellularity, no abnormal cellD60~ CsA 서서히 감량하여 D180 투여 중단CsA 관련 기타 부작용이나 GVHD 소견은 없었음
 CsA dosageD-1 : Sandimmun 100mg iv bid startD8 : Itraconazole iv 병용 확인 75mg iv bid로 감량D11~D18 : CsA trough level 423ng/ml 75-50mg iv 50mg iv bid
 30mg iv bid 로 감량D19 : Neoral 50mg po bid로 전환 (이후 치료농도 유지) D36 : Itraconazole 병용 중단D42 : Neoral 75-50mg po bid로 증량 D46 75mg po bid로 퇴원
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 0
 50
 100
 150
 200
 250
 300
 350
 400
 D-1 D1 D4 D7 D10 D14 D17
 Day
 CsA
 co
 nc /
 Do
 se
 0
 50
 100
 150
 200
 250
 300
 350
 D19 D22 D25 D28 D31 D34 D37 D40 D43 D47
 Day
 CsA
 Con
 c / D
 ose
 CsA conc (ng/㎖)
 CsA dose (mg/day)
 Itraconazole 병용 기간IV PO
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 Inhibition of cytochrome P450 3A4-mediatedProbable mechanism
 MajorSeverity
 - If clinically possible, avoid this combination- Mean CsA dose 55%↓
 Clinical management
 (Cohen et al, 2000) 59yrs, lung transplant pt.Weakness, muscle pain, nauseaBlood CsA 611 ng/㎖CPK 14765U/L, LDH 2120 U/L, GOT 1516 U/L, S.Cr 0.9 ㎎/㎗Electromyopathy : myopathic changesReplaced tacrolimus & supportive measures
 Literature reports
 DelayedOnset
 Risk of CsA ↑Adverse effect
 CsA conc ↑, creatinine ↑Summary
 Cyclosporine - Itraconazoledrugdex®
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 TDM 자문 사례
 Interpretation : Upper margin of therapeutic range at steady-state
 Recommendation1. 어제부터 병용 투약되는 itraconazole의 영향으로
 cyclosporine의 혈중농도 상승이 예상됩니다.2. 문헌에 따르면 평균 50% 정도의 cyclosporine의 감량이
 요구되는 것으로 알려져 있습니다.3. 임상적으로 문제되지 않는다면 Sandimmune 75mg iv bid
 로 감량 투약하심이 적절할 것으로 사료됩니다. 4. 1~2일 후 follow-up 하시어 용량 재조정 바랍니다.
 TDM recommendation report (D8)
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 CASE 3. CsA - Rifampin DI
 우**, M/51, 175cm, 57kg
 PMH2001.10 : CML Dx2001.12~2003.5 : Hydroxyurea/anagrelide Tx2003.6~ : Imatinib 400mg Tx2006.3 : pul.Tbc Dx, 2006.4~ Tbc medi start2006.5 : r/o accelerated phase imatinib 800mg 증량
 2006.10. Allo PBSCT (brother)Conditioning with BuFlu
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 CsA dosageD-1 : CsA 85mg(1.5mg/kg) iv bid startD-1~D13 : CsA 점차 증량하여 225mg iv bidD14(po change)~D29 : 점차 증량하여 500mg po bid 투여 시에도 적절한 치료농도 도달 못함
 D30 : 400-300-400mg po tid로 투여시작
 500-400-500mg po tid로 TR 유지

Page 57
                        

57
 208225-225D12
 199225-225D13
 201225-225D11
 139175-175D5
 160175-175D6
 182175-175D7
 162175-200D8
 225-200D10
 186200-200D9
 145150-175D4
 150-150D3
 104120-150D2
 97100-120D1
 8985-100D0
 이식 전 후 S.Cr : WNR (0.7~0.9)
 D1~D6 : GOT/GPT상승 후 점차 회복(D0~D6)D5 Lab : 630-8.2-52k(55%), t-prot/alb=5.7/3.1 t-bili-0.4
 OT/PT=36/86, BUN/S.Cr=14/0.8 D5 : GCSF startD7 : GOT/GPT 정상화
 D11 : Neutropenic fever : vancomycin+cefepime start
 D23 : (pulmo c) CsA-RFP DI로 인한 drug change 여부
 drug change보다 CsA dose elevation recomD27 : (pulmo c) rifabutin change 여부
 사용가능 but RFP 지속사용 recom.
 85-85D-1
 S/SCsA concCsA Dose(IV)
 CASE 3. Daily CsA dose-conc
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 93500-500D27
 102500-500D28
 129450-450D26
 300-400D20
 400-400D21
 79450-450D22
 257*(C3.5hr)450-450D23
 87450-450D25
 450-450D24
 58300-300D19
 90300-300D18
 300-300D17
 300-300D16
 122175-300D15
 175-175D14
 CsA concCsA Dose(PO)
 500-400-500D35
 197500-400-500D36
 500-400-500D37
 500-400-500D38
 500-400-500D40
 179500-400-500D39
 162400-400-500D34
 400-400-500D33
 143400-400-500D32
 400-300-400D31
 400-300-400D30
 500-500D29
 CsA concCsA Dose(PO)
 CASE 3. Daily CsA dose-conc.
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 0
 200
 400
 600
 800
 1000
 1200
 1400
 1600
 D-0 D3 D6 D9 D14 D16 D18 D21 D24 D27 D30 D33 D36
 Day
 CsA
 Dos
 e
 CsA DoseCsA Conc
 CsA po320
 280
 240
 200
 160
 120
 80
 40
 0
 CsA
 conc
 Therapeutic range
 CsA inj
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 CsA clearance ↑, systemic BA ↓Probable mechanism
 MajorSeverity
 - If clinically possible, avoid this combination- Concomitant Tx : adjust CsA dose (baseline의 2.5~5배 증가 보고)
 close monitor (S/S of organ rejection)
 Clinical management
 (Al-Sulaiman et al, 1990) Six-KTP with Tbc : 3 to 5 times↑ the normal dose & three times a day, steroid dose↑ ⇒ no episodes of rejection or CsA toxicity(Peschke et al, 1992) Five days following the discontinuation of RFP, CsA had returned to normal with application of the pretreatment dose.(Kim et al, 1999) Four KTP, CsA, AZA, PRD, RFP(600㎎), PZA, INAH, EMB
 AUC: 4582ng/㎖/h → 2790ng/㎖/h T1/2 : 3.35hr → 2.8hr Cmax : 630ng/㎖ → 446ng/㎖⇒ for optimal CsA conc. : 2.5~3배 증량 필요
 Literature reports
 DelayedOnset
 CsA conc↓, potentially risk of organ rejection ↑Adverse effectCsA clearance↑, BA ↓Summary
 Cyclosporine - Rifampindrugdex®
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 TDM 자문 사례
 Interpretation : Below therapeutic range
 Recommendation1. 현재 병용 투약 중인 rifampin과의 상호작용으로 cyclosporine
 치료 혈중농도 도달에 어려움이 있습니다. 이는 주사에서 경구투여로 전환 시 더 큰 영향이 있을 것으로 예상됩니다.
 2. 문헌에 따르면 baseline의 2.5~5배까지 증량이 필요한 것으로보고되어 있습니다.
 3. 임상적으로 문제되지 않는다면 Cipol-N 400mg po bid로 증량하심이 바람직할 것으로 사료됩니다.
 4. 내일 follow-up 하시어 용량 재조정 바랍니다.
 TDM recommendation report (D14)
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 TDM 자문 사례
 Interpretation : Below therapeutic range
 Recommendation1. 임상적으로 문제되지 않는다면 rifampin을 rifabutin으로 변경 투약 가능
 성 고려해 주십시오. 2. Rifabutin은 Immunosuppressive condition에서 대체 고려하실 수 있는
 항결핵제로서, cyclosporine과 상호작용이 비교적 적은 것으로 알려져있습니다.
 3. Rifampin 병용 지속 시 cyclosporine 치료 혈중농도 유지를 위해 투여횟수 증가 필요할 것으로 사료됩니다.
 4. 임상적으로 문제되지 않는다면 Cipol-N 400-300-400mg po tid (8AM-2PM-8PM)로 증량 투약 가능합니다.
 5. 내일 follow-up 하시어 용량 재조정 바랍니다.
 TDM recommendation report (D26)
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 CASE 4. CsA induced nephrotoxicity
 김**, M/14, 153cm, 53kgPMH
 2000 : CRF진단(Bx못함)2003.11 : HD start2004.1: KTP (donor : mother)
 acute rejection으로 fail (nephrectomy)이후 HD 지속
 2006.2. : KTP (cadaver) Medication : MMF, PDS, VPA, co-trimoxazole, famotidine
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641.210875-75D8
 OP site pain hematoma (remove reOP)1.67550-75D7
 Seizure: GTC(3분간) B-MRI : basal ganglia focal hemorrhage r/o infaction or CsA tox or hypertensive encephalopathyFever, Sz VPA start, heparinization
 1.413150-50D6
 1.815550-50D5
 pul.edema 호전양상2.0234100-0D4
 2.34370-50D3
 RR30, lip,hand cyanosis, SPO2 60% O2 15LX-ray : pul.edema Theophylline startDoppler USG : decreased renal perfusionr/o AR or CsA toxicity (CsA hold)
 2.0732200-0D2
 Mild pul.edema5.0484*(C4?)
 225-200D1
 KTP8.14PM 225mg po start
 D0
 S/SS.CrCsA conc.
 CsA Dose
 CASE 4. Daily CsA dose-conc.
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 13375-50D15
 10575-75D16
 19175-75D17
 14875-75D18
 LFT, Lipid : normal75-75<discharge>
 D21
 14875-75D20
 75-75D19
 23975-50D14
 26875-50D13
 75-75D12
 0.811775-75D11
 Kidney doppler USG : hematoma 제거, normal kidney0.921675-75D10
 General condition 회복, pul.edema control0.818975-75D9
 S.CrCsA concCsA Dose
 CASE 4. Daily CsA dose-conc.
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 CASE 5. Rejection & TAC change
 손**, M/52, 170cm, 90kgPMH
 1975 Lt. renal tbc : Lt. nephrectomyDM(?, 치료 안 함), HBP2003.7 CRF Dx, CAPD op2003.8, 2004.1 : 2차례 CAPD peritonitis이후 계속 CAPD 유지
 2005.8 : KTP (cadaver)Medication : CsA, MMF, PDS, clopidogrel, co-trimoxazole, nifedipine, carvedilol, PPI
 2005.10 : CAPD catheter remove op
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 1.4225-225D6
 1.4217225-225D7
 1.4221225-225D8
 1.4200225-225D9
 1.6200-200D12
 1.6261225-200D11
 1.5221225-225D10
 1.6207225-225D5
 2.3351250-200D4
 Renal scan : mild renal dysfuction3.8340275-225D3
 5.8490350-200D2
 11.375(6AM)250-450D1
 KTP(9:00PM)CsA trough conc TR : 200~300 목표
 6PM 250mg po start
 D0
 S/SS.CrCsA concCsA Dose
 CASE 5. Daily CsA dose-conc.
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 316150-150D19
 150-150D20
 150-150D21
 209150-125D22
 이후 OPD F/U : CsA trough conc 100-200로 유지150-150D25
 Discharge 150-150D24
 1.3116125-125D23
 Both arm BP차이 : Ext. doppler USG : luminal stenosisof lt subclavian artery : clopidogrel추가
 265150-150D18
 Daily S.Cr 호전 보였으나 1.3~1.5이하로 회복되지 않음1.4282150-150D17
 1.5242175-175D16
 Aspiration : not urine1.6262175-175D15
 General edema (op후 BW 5kg증가)Kidney doppler : newly development of urinoma
 1.6293200-175D14
 1.6200-200D13
 S/SS.CrCsA concCsA Dose
 CASE 5. Daily CsA dose-conc.
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 19.720.520.623.323.616.6T1/2
 0.0350.0340.0340.0260.0290.042Kel
 1.41.21.21.61.63.1S.Cr
 1.251.231.231.311.271.29Vd
 7.79.79.117.525.017.8TAC conc
 2.0-2.0
 2.0-2.0
 2.0-2.0
 2.0-2.0
 2.0-2.0
 2.0-2.0
 2.5-2.5
 3.0-2.0
 4.5-1.5
 4.5-4.5
 4.5-4.5
 TAC dose(PO)
 9/129/119/109/99/89/79/69/59/49/39/2
 2006.1 : S.Cr 상승 (2.1) : adm for renal bx & steroid Txbx : Acute rejection r/o BK polyoma virus cymevene 투여
 Lab : S.Cr: 2.2, K:4.92006.9 : 내원 10일전, slip down 후 split 상태로 지냄
 S.Cr상승(5.0), confusion, anorexiaARF d/t chronic rejection : CsA TAC로 change : 4.5mg po bid로 startLab : BUN/S.Cr 180/5.0, T-bili : 1.3
 CASE 5. Daily TAC dose-conc-PK parameter
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 TDM 자문사례
 Interpretation : Upper margin of therapeutic range at steady-state
 PK parameterVd = 1.29L/kgKel = 0.042L/hr/kgT1/2 = 16.6hr
 Recommendation1. 현용량 유지시 항정상태에서 예측농도는 14.9~24.6ng/ml 정도로 예상됩니다.2. 임상적으로 문제 되지 않는다면 저녁에 1.5mg po 투약하심이 적절할 것으로
 사료됩니다.3. Tacrobell 3mg po bid 유지하실 때 항정상태에서 예측농도는 9.9~16ng/ml 정
 도로 예상됩니다. 4. 내일 아침 3mg 투약 전 채혈, follow-up 하시어 용량 재조정 바랍니다.
 TDM recommendation report (9/4)
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 TDM 자문사례
 Interpretation : Within normal range
 PK parameterVd = 1.23L/kgKel = 0.034L/hr/kgT1/2 = 20.6hr
 Recommendation1. 임상적으로 문제 되지 않는다면 Tacrobell 2mg po bid 유지하심
 이 적절할 것으로 사료됩니다.2. 이 때 항정상태에서 예측농도는 9~13ng/ml 정도로 예상됩니다. 3. 이틀 후 follow-up 하시어 용량 재조정 바랍니다.
 TDM recommendation report (9/8)
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