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Az 60% pacientu
s malignitou ma
néjakou formu

poskozeni ledvin

Renal Toxicities of Chemotherapeutic

Table 1. Risk factors for chemotherapy -induced
mep hirotox icity

Tumor-related kidney effects
direct renal involvement
myeloma-related kidney injury
renal infiltration (lyvmphoma and leukemia)
urinary obstruction
neoplasia-associated glomerulopathies
indirect renal involvement
true volume depletion (N /V, diarrhea, and
overdiuresis )
effective volume depletion (cardiomyopathy,
malignant ascites, and pleural effusions)
metabolic effects (hyperuricemia and hypercalcemia)
Innate drug toxicity

high-dose drug exposure and prolonged course of
therapy

insoluble drug or metabolite form crystals within
intratubular lumens

potent direct nephrotoxic effects of the drug or toxin

drug combinations enhance nephrotoxicity
MNSAIDs, aminoglyvcosides, and radiocontrast

Patient factors

older age

underlying AKI or CKD)

IMIMune response genes
increased allergic reactions to drugs

pharmacogenetics favoring drug /toxin toxicity
gene mutations in hepatic and renal CYP450

enzyIme systems

gene mutations in transport proteins and renal

Clin | Am 5oc Nephrol 7: 1713-1721, 2012. transporters



Onco-Nephrology: Renal Toxicities of Chemotherapeutic

Agents

Mark A. Perazella

Typy poskozeni ledvin u chemoterapie

I Renal vasculature I
hemodynamic AKI (capillary leak syndrome)
IL-2, denileukin diftitox
thrombotic microangiopathy
antiangiogenesis drugs (bevacizumab and tyrosine
kinase inhibitors)
gemcitabine and cisplatin

it in C and IFN
I Glomeruli I
mirmal change disease
IFMN

pamidronate
focal segmental glomerulosclerosis
IFN
pamidronate
zoledronate (rare)

Clin | Am 5oc Nephrol 7: 1713-1721, 2012.

|Tubulnin terstitium |

acute tubular necrosis
platinums, zoledronate, ifosfamide, and mithramycin
pentostatin, imatinib, diaziquone, and pemetrexed
tubulopathies
Fanconi syndrome
cisplatin, ifosfamide, and azacitadine,
diaziquone, imatinib, and pemetrexed
salt wasting
cisplatin and azacitadine
magnesium wasting
cisplatin, cetuximab, and panitumumab
nephrogenic diabetes insipidus
cisplatin, ifosfamide, and pemetrexed
syndrome of inappropriate antidiuresis
cyclophosphamide and vincristine
acute interstitial nephritis
sorafenib and sunitinib
crystal nephropathy
methotrexate
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Caspases Figure 3. | Cisplatin (Cis) nephrotoxicity is, in part, related to its uptake by proximal tubular cells. Cis enters cells through organic cation
transporters (OCTs), and when it accumulates within cells, it causes cell injury through multiple mechanisms. Apoptosis and necrosis of tubular
cells result and cause clinical AKI and tubulopathy. CDKs, cyclin-dependent kinases; MAPK, mitogen-activated protein kinase; MRE, multidrug
resistant protein; NaDC, sodium dicarboxylate; OAT, organic anion transporter; P53, protein 53; Pgp, P glycoprotein; ROS, reactive oxygen
species.




Cisplatina

* Lécba tumory uro-genitalniho traktu, karcinomu krku a hlavy, osteosarkomu, tumoru
prsu, lymfomu
* Rychle se vaze na proteiny plazmy; renalni vylucovani male, ale vysoka koncentrace
cisplatiny v moci
e VétsSinou reverzibilni AKl s mirnym vzestupem S-kreatininu (< 150 pmol/|)
* Peak vzestupu mezi 3-10 dny po podani; reparace nejcastéji mezi 2-4 tydny

 Kombinované tubularni postizeni:
* Primarné se koncentruje v S3 segmentu proximalniho tubulu (aminoacidurie, fosfaturie)

 Dalsi poskozeni distalniho tubulu a sbérnych kanalk

* Hypernatriurie - hyponatrémie
* Hypekaliurie — hypokalémie
* Hypermagnezidrie - hypomagnezémie

e Tubuldrni poskozeni mlze vést k ,salt-loosing nephropathy” s hypovolémii, hypotenzi

* AKI muze prejit do chronického poskozeni (po opakovaném podani a vyssi kumulativni
davce)
* Fibroza intersticia

 Moznost vzniku tromboticka mikroangiopatie

Flombaum CD. Nephrotoxicity of chemotherapy agents and chemotherapy administration in patients with renal disease.
In:Cohen EP. Cancer and the Kidney. Oxford University Press, Sec. Edition, 2011.
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Electrolyte disorders with platinum-based chemotherapy:
mechanisms, manifestations and management
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Long-Term Renal Outcomes after Cisplatin Treatment

Sheron Latcha,*" Edgar A. Jaimes,*" Sujata Patil,” llya G. Glezerman,*' Swati Mehta," and Carlos D. Flombaum*" Clin ] Am Soc Nephrol 11: 1173-1179, 2016.
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Figure 2. | Percentages of patients within each stage of CKD at baseline, completion of cisplatin, year 1, and year 5. CKD stage (eGFR): CKD stage 1
(=90 ml'min per 1.73 mr'), CKD stage 2 (=60-89 ml/min per 1.73 m’), CKD stage 3 (=30-59 ml/min per 1.73 n7'), and <29 ml/min per 1.73 m".



Long-Term Renal Outcomes after Cisplatin Treatment

Sheron Latcha,*" Edgar A. Jaimes,*" Sujata Patil,” llya G. Glezerman,** Swati Mehta,” and Carlos D. Flombaum™*' Clin ] Am Soc Nephrol 11: 1173-1179, 2016.

Table 2. Multivariable repeated measures analysis of potential risk factors of trends in eGFR for 821 patients

Variable Parameter Estimate 95% Confidence Interval P Value
Intercept 92.36 823 to 102.4 <0.001
Time, yr* (coded as 0-13, continuous) —0.73 —087 to —0.59 <0.001
Sex
Women —2.50 —4 58 to —0.43 0.02
Men (reference)
Ethnicity
Asian versus white 4.54 0.58 to 549 0.03
Black versus white 784 374101195 0.002
Unknown / other versus white 054 —6.40 to 748 0.88
White (reference)
Age at first cisplatin —0.51 —059 to —0.44 0.001
Cisplatin dose (mg/m?)
101-250 versus =701 11.10 1.65 to 20.55 0.02
251400 versus =701 693 —2.61 to 16.46 0.16
401-550 versus =701 552 —4 24 to 15.27 0.23
551-700 versus =701 A.51 —5.27 to 18.28
=100 versus =701 955 —050 to 19.66 0.06 I

=701 (reference)

Model was hit using a compound symmetry covariance structure.
*Time () is baseline; time 1 is last cisplatin date; ime 2 is year 1 after asplatin, and so on until ime 13, whach is year 12 after cisplatin.



Prevence renalniho poskozeni pri |é¢bé cisplatinou

Zajistit diurézu > 150 m/h

Hypertonicky roztok NaCl (3%) umozni podat i vyssi davky
cisplatiny (200 mg/m?)
Dlouha doba podavani infuze s cisplatinou (6 h)

Substituce magnézia (K+)
Amifostin (thiofosfatovy derivat; Ethyol)

Pokud lze, podat carboplatinu (vice myelo- a neurotoxicka) nebo oxaliplatinu
(bezpecna i u nemocnych s preexistujicim CKD) misto cisplatiny

Flombaum CD. Nephrotoxicity of chemotherapy agents and chemotherapy administration in patients with renal disease.
In:Cohen EP. Cancer and the Kidney. Oxford University Press, Sec. Edition, 2011.



Kidney Int. 2012 Sep;82(5):652-63. doi: 10.1038/ki.2012.199. Epub 2012 Jun 20.

Cilastatin protects against cisplatin-induced nephrotoxicity without compromising its anticancer
efficiency in rats.

Humanes B, Lazaro A, Camano S, Moreno-Gordaliza E, Lazaro JA, Blanco-Codesido M, Lara JM, Oriz A, Gomez-Gomez MW, Martin-Vasallo P, Tejedor A

Cilastatin je maly protein, ktery funguje jako inhibitor renalni dehydropeptidazy I; in vitro brani
cisplatinou — indukovanému poskozeni bunék proximalniho tubulu a stabilizuje GFR

Table 2| Effects of cilastatin on cisplatin-induced nephrotoxicity in rats

Groups St (/) BUN (mg/d)  GFR(mi/min/100g)  Uyy (ml24h)  Upe (mg/24h)  FEy B6)  FEug (%)

Control 0331002 33501303 0831006 15.1711.38 26.1013.76 0471004 0461003
Control+cil 0331002 30.20 + 248 0.721006 1417+234 117121265 0531004 05310105
Lisplatin 1102006 80.00 1 5.0 0201004 141104 44901 3.6/ Lea 1/ 464103

Cisplatintcil 0674008  50001412% 0.38 4 0.04° 1750+370°  900+157°  076+008%  161+041%



Kidney Int. 2012 Sep;82(5):652-63. doi: 10.1038/ki.2012.199. Epub 2012 Jun 20.

Cilastatin protects against cisplatin-induced nephrotoxicity without compromising its anticancer
efficiency in rats.

Humanes B, Lazaro A, Camano S, Moreno-Gordaliza E, Lazaro JA, Blanco-Codesido M, Lara JM, Oriz A, Gomez-Gomez MW, Martin-Vasallo P, Tejedor A

Cilastatin snizuje cisplatinou — indukované poskozeni bunék proximalniho tubulu vedouci k
jejich apoptdze
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Eiomed Res Int 2015;2015:704352. doi: 10.1135/2015/704332. Epub 2013 Oct 4.

Protective Effects of Cilastatin against Vancomycin-Induced Nephrotoxicity.

Humanes B', Jado JC', Camafio §', Lopez-Parmra V', Torres AM. Alvarez-Sala LA?, Cercenado E?, Tejedor A*, Lazaro A'.

Cilastatin redukuje ¢asnou i pozdni apoptozu (ne ale nekrézu) bunék proximalniho tubulu
navozenou vankomycinem
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Dalsi moznosti protekce ledvin u cisplatiny

Evaluation of the effect of acetazolamide versus mannitol on cisplatin-induced nephrotoXicity. a

pilot study.
El Hamamsy M, Kamal N, Bazan NS, El Haddad M.
Int J Clin Pharm. 2018 Aug 30. doi: 10.1007/511096-013-0677-x. [Epub ahead of print]

The protective role of melatonin in chemotherapy-induced nephrotoxicity: a review of non-clinical
studies.

Haghi-Aminjan H, Farhood B, Rahimifard M, Didar T, Baeer M, Hassani 5, Hosseini R, Abdollahi M.

Expert Opin Drug Metab Taoxicol. 2018 Sep;14(9):937-950. doi: 10.1080M17425255.2018.1513492. Review. Ematum in:
Expert Opin Drug Metab Taoxicol. 2018 Oct 14(10) .

Kidney Protection Effect of Ginsenoside Re and lts Underlying Mechanisms on Cisplatin-induced
Kidney Injury.

Wang Z, LI YF, Han XY, Sun Y3, Zhang LX, Liu W, Liu X3, LiW, Liu YY.

Cell Physiol Biochem. 2018;48(5):2219-2229 doi: 10.1159/000492562. Epub 2018 Aug 15.

Doxycycline attenuates cisplatin-induced acute kidney injury through pleiotropic effects.

Makagawa T, Kakizoe Y, lwata Y, Miyasato Y, Mizumoto T, Adachi M, 1zumi Y, Kuwabara T, Suenaga
M, Narita Y, Jono H, Saito H, Kitamura K, Mukoyama M.
Am J Physiol Renal Physiol. 2018 Jul 25. doi: 10.1152/ajprenal. 0064382017 . [Epub ahead of prin]
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Fizure 4. | Pemetrexed {Pmx) nephrotoxicity may result from proximal tubular cell uptake of drug through apical (folate receptor-a [FR-a])
and basolateral (reduced folate carder [RFC]) tramsporters. After it is inside the cell, Pmx is polyglutamylated, which inhibits drug transport

Clin IA”{ Sor Nt‘;i'}”'il]f 7 1713-1721, 2012. out of the cell and enhances drug inhibition of folate metabolism. Impaired synthesis of RNA and DNA by cells causes clinical AKI and
tubulopathy. Pmx-glt, polyglutamylated pemetrexed.



Methotrexat — farmakokinetika

MTX blokuje syntézu kys. tetrahydrolistové inhibici enzymu
dihydrofolat reduktaza a thymidylat syntaza

50% vazba na plazmatické bilkoviny

Vysoka distribuce do tretiho prostoru (intracelularné)
* podléha polyglutamylaci: koncentrace v bunkach

Eliminace ledvinami nefrotoxicita

* MTX a jeho 7-hydroxymetabolity se vyluCuji prevaznée ledvinami
* Glomer. filtraci a tubularni sekreci
e 70-100% vylouceno do moci za 24. hod. od iv. podani

e Krystalisace MTX (slaba kyselina) v tubulech pfri vysokych davkach
* \lysoce nerozpustny, zejména v kyselém prostredi

* Pri zavazném poklesu GF je KI podavani i nizkych davek
* pripady fatalni myelotoxicity
e pancytopenie s rychlym nastupem a vysokou mortalitou
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Methotrexat — davkovaci rezimy
* Vysokodavkovy :

* hematoonkologie (> 500 mg/m?)

* vyuziti ,leukovorinové rescue”

 TDM standardni soucasti terapie (prevence toxicity)
e ALL, HNL, Ca prsu, sarkomy ...

* Nizkodavkovy:
* revmatologie, nefrologie (15-25 mg tydné)
* + kyselina listova den po aplikaci MTX

 TDM se standardné neprovani
* plasmatické hladiny nekoreluji s u€inkem
* vypovidajici hodnota polyglutamatu MTX v erythrocytech ??7?

* RA, ANCA



Toxicita vysokodavkovaného MTX

* Vysokodavkové rezimy:
* Non-oligurické renalni selhani se projevi u 1,8 % pacientt |éCenych
HD MTX
* deposita MTX a 7-OH-MTX v tubulech
* Toxicitu zvysSuje soucasné podani cisplatiny

e Dalsi projevy: GIT obtize (mukositida, nausea), dermatitida,
myelosuprese (neutropenie), hepatotoxmta

» Casto nastupuji po exposici vysokym hladinam pri AKI

* Toxické hladiny pfi vysokodavkovaném MTX (Mayo clinic):
e >10 uM za 24 hod
e >1 uM za 48 hod
 >0,1 uM za 72 hod
e Rozpor s SPC CF, kde doporuceni mérit az po 48 hodinach
* | nizsi hladiny (0,05-0, 1Lpr| dlouhé expozici (AKI, jaterni poskozeni;
ascites, pIeuraIm vypotky) mohou zvysovat toxicitu

* Nizkodavkové rezimy:
* Hematologicka toxicita, fototoxicita, mukositidy, elevace JT, infekce



Lécba predavkovani MTX

1. Navysit leukovorinovy ,rescue” dle hladin MTX

* antagonizace intracelularniho MTX

* nesnizuje renalni toxicitu, ale minimalizuje systémové ucinky
2. Alkalizace moci

3. High-flux hemodialyza (??)

* nemavlivnai.c. MTX a je popisovan rebound fenomén

4. Glucarpidasa (mimoradny dovoz, 14 000 EUR 1 baleni)

* karboxypeptidasa-G2
* rapidni rozstépeni extraceluldrniho MTX

Dle SPC:

Kromé leukovorinového rescue muze byt potfebna dalSi podplrna lécba, jako je krevni
transfuze a dialyza

Postup (dle Saland JM et al, 2002):
mérit hladiny 24-30 hod. po podani
* v pripadé predavkovani zajistit hydrataci a alkalizaci moci
e podat extenzivni leucovorinovou ,rescue”
 zahajit high-flux HD (co nejdrive)
e objednat karboxypeptidasu



Doporucené davky leukovorinu podle hladiny MTX
Lék je v CR dostupny pod ndzvem Calciumfolinat Ebewe in;.

Hladiny MTX (umol/I) Davka leukovorinu Jak dlouho podavat

0,5 15 mg/m? kazdych 6 hod. 8 davek
1,0 100 mg/m? kazdych 6 hod. 8 davek
2,0 200 mg/m? kazdych 6 hod. 8 davek

Zahajit co nejdrive po podani MTX (idealné do 24 hod.)
Pokracovat v podavani dokud hladiny neklesnou na 0,05-0,1 pmol/I

Chu ET. Cancer chemotherapy and biotherapy: Principles and practice. 1996.



Dialyzovatelnost MTX

* Popisovan efekt HD s high-flux kapilarou (Fresenius F-80)
* PD ¢i low-flux HD neucinné (vysoka vazba na bilkoviny)
* Hemoperfuze efektivni, ale velky rebound

* \/yznam pouze pro =
vysokodavkovany MTX 160 -
® Pre-Dialyzer
* Zacit pri vysokych hladinach | ity

e pokud hladiny >1 uM
* nema smysl pri projevech
toxicity u IS rezimu
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Dialyza u intoxikace MTX —kasuistika VFN
—Zena, 64 let

e 10. 11. 2015 podano 3,43 g MTX
* jiz redukce pro hepatotoxicitu v pfedchozich cyklech

 11.11. 2015 hladina 76,4 uM
* cilova hladina < 10 uM

 12.11. 2015 hladina 48,8 uM

e cilova hladina <1 uM
* pres hydrataci a alkalizaci progrese renalni insuficience,
proto zahajena HD

* Hospitalizace byla komplikovana plicnim postizenim -
methotrexatovou plicni toxicitou (v.s) a
pneumocystovou pneumonii...



Dialyza u intoxikace MTX — kasuistika VFN

* \V prubéhu HD se hladiny snizily vzdy 0 52+14 %
e \V/ nizSich koncentracich rebound fenomén
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Léky s moznosti vyvolat mikroangiopatickou
hemolytickou anémii (MAHA) a renalni selhani

- Treatments

- Quinine

- Mitomycin

- Gemcitabine

- Cisplatin

- lonising radiation

- Interferon

- VEGF and tyrosine kinase (sunitinib, imtinib,
and dasatinib)

- Ticlopidine and clopidogre

- Calcineurin inhibitors (cyclosporine, tacrolimus)

- Sirolimus

- Valaciclovir

- Oral contraceptives

Campistol JM et al. Nefrologia 2013;33(1):27-45



MAHA — TMA manifestace

» Klasicka triada
* Trombocytopenie
* Mechanicka hemolyticka anémie

* Organové poskozeni v dusledku mikrovaskularni okluze a
ischemie tkani



Mechanismus vzniku TMA u polékového
poskozeni
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Fakhouri F et al. Lancet 2017; 390(10095):681-696.



Léky s moznosti vyvolat mikroangiopatickou
hemolytickou anémii (MAHA) a renalni selhani

* Mitomycin C
* Anamnesticky na tumory prsu, GIT, pankreatu, plic; v soucasné dobé hlavné instilace
do moc. méchyre pri tumorech
» AKI Casto doprovazené mikrohematurii a malou proteinurii
* Nékdy tézka hypertenze s rozvojem plicného edému Ci hypertenzni encefalopatie

* Nefrotoxicita zavisla na kumulativni davce (> 40-60 mg/m?) a délce expozice -
omezeni |écby na 2-3 davky

» Kortikoidy, PE a ASA v |écbé

e Gemcitabin

 Tumory pankreatu, plic, urotelialni a ovarialni karcinomy

AKI Casto doprovazené mikrohematurii a malou proteinurii, ischemické kozni léze
Nefrotoxicita ¢astecné zavisla na davce, ale zejména na predchozi expozici léku
Rozvoj Ci akcelerace hypertenze Casto predchazi rozvoji MAHA

Manifestace onemocnéni muize byt ,zastinénd“ soucasnou myelotoxicitou




Léky s moznosti vyvolat mikroangiopatickou
hemolytickou anémii (MAHA) a renalni selhani

* Inhibitory VEGF

* MoAb cilené proti cirkulujicimu VEGF (bevacizumab)
» Blokace aktivity VEGF receptoru (TKI — sunitinib, sorafenib)
* Az u poloviny nemocnych se objevi hypertenze a proteinurie
* Oboje zavislé na davce a délce podavani
* Nékdy rendlni selhani s rysy TMA (sekundarni HUS)
* V antihypertenzni |éCbé preferovat blokatory RAAS




Onco-Nephrology: Renal Toxicities of Chemotherapeutic
Agents CETUXIMAB

Mark A. Perazella Apical Distal convoluted tubule pggasolateral

Nucleus

Cetuximab Blunts movement of Renal Ma** f
competes With ———3p TRPMEtothe —3p enal Mg™ was ‘mg
EGF at EGFR apical membrane Hypemagnesemia

Figure 5. | Cetuximab (C) isan EGF receptor (EGFR) antibody that causes renal magnesium wasting by competing with EGF for its receptor.
Clin ] Am Soc prhmf 7 1713-1721, 2012 Normally, EGF binds its receptor (EGFR) and stimulates magnesium reabsorption in the distal convoluted cell. EGFR activation is associated
with magnesium absorption through transient receptor potential M6 (TRPMB) in the apical membrane. NCC, sodium chloride cotransporter.



Ifosfamid

* Patri mezi alkylacni cytostatika (stejné jako cyklofosfamid)

* Sarkomy, testikularni tumory, lymfomy
* Hemoragicka cystitida, vyznamna nefrotoxicita (chloracetaldehyd)

* Nefrotoxicita zplUsobena posSkozenim proximalniho tubulu (ATN)

* PIné vyjadreny Fanconiho sy
* Hyperchloremicka MAc
* Hypofosfatémie byva Casta a zavazna
* Hypokalémie
* Renalni glykosurie a aminoacidurie
* Méne casto jako renalni DI

e AKl az u 10% nemocnych — zavislé na davce

* 13 % u nemocnych Ié¢enych 20 mg/kg
* 66% u nemocnych s davkou > 150 mg/kg
* CKD se vyviji u nemocnych s kumulativni davkou kolem 25 g/m?

Flombaum CD. Nephrotoxicity of chemotherapy agents and chemotherapy administration in patients with renal disease.
In:Cohen EP. Cancer and the Kidney. Oxford University Press, Sec. Edition, 2011.



Cyklofosfamid

* Toxicita v oblasti distalniho tubulu
* Hyponatrémie, oligurie (podobny ucinek jako ADH)
* Po vysokych myeloablativnich davkach (4-6 g/m?)

 Hemoragicka cystitida
* VyluCovani metabolitu (akrolein), neni nefrotoxicky
Dny (tydny) po expozici
Zavislé na davce a délce expozice (fibrozni cystitida; karcinom MM u
kumulativni davky > 30 g)

AKI z dlivodu subrenalni obstrukce (koagula) anebo edém sliznice MM a
ureterd
Prevence

* dostatecna hydratace
 MESNA (2-merkaptoethan sulfat)



Doporuceni pro aplikaci mesny

 American Society of Clinical Oncology, 2008

* recommend pouze pri podavani ifosfamidu nebo vysokodavkového CFA
podavaného v ramci ASCT

* pfi,standardnich davkach” CFA nepovaZuje za nezbytné

* London Cancer North and East, 2014
* pouze pfi terapii ifosfamidem a CFA v davce > nez 1 g/m?

* Britska revmatologicka spolecnost, 2014

 consider podavani mesny u pacientd |[é¢enych CFA v davce 15 mg/kg pro
AAV

* KDIGO, 2012

* zminka pouze u lupusové nefritidy: ,The use of mesna will also minimize
the risk of hemorrhagic cystitis when CFA is given as i.v. pulses.”

* Eurolupus Nephritis Trial: rozhodnuti ponechano na |ékari

* NIH rezim: podani mesny doporucovano, predevsim pokud neni mozné
zajistit dostatecnou diurézu



Peroralni podani mesny

* Lze podat i. v. roztok
* 2 hodinové zpozdéni C_
e polovicni koncentrace v moci oproti i. v. podani

* Dominantni NU: mirné drazdéni GIT
* Pro pacienty natahnout do strikacky

* problematicka aplikace pfimo z ampule

e pokud mozno bez vzduchu
 stabilita 9 dni

* Nepfijemna chut
* mozno korigovat sirupem: 1:1, 1:4
 stabilita tyden pri 24°C
* mozno rozpustit v napoji

. CCfc,ak cola, Pepsi cola, Schweppes, 7-Up, Sprite, jableény/pomerancovy dzus,
mléko

 stabilita 24 hod pri 5°C (nejméné v mléce)



Davkovaci schémata mesny
s Lo Jon Dl Lo s

cyklofosfamid vypoctena -
davka
N ER (PN NI 40% p. O. 40%p.o0. - 40% p.o. -

mesna (kombinace p. & 20%i. v. 40%p. 0. - 40% p. o. -
0.ai.Vv.)
i 20%i.v. - 20%i.v. - 20% i. V.

Pro davku 1 g cyklofosfamidu:

_E-E-E-_E-E-
400mg po - 400mg po - 400mg po -

mesna (komblnace p.o.a g 200mgiv 400mg po - 400mg po -
i.v.)

mesna (pouzei.v) B 200mg iv. - 200 mgiv. - 200 mg iv

Davku zaokrouhlit na ampuli (400 mg)




Podavani cytostatik u snizené GFR

* Cisplatina
* KI poddvani u GF < 60 ml/min
* Neni dialyzovatelnda (vysoka vazba na bilkoviny)
* U nemocnych na HD naopak lze podat, relativhé bezpecna

e Carboplatina
* Nizka vazby na bilkoviny, 70-80% se vylouci ledvinami do 24 hod.
* Lze podat u CKD, ale davky upravit podle GFR
* \lyrazné se odstranuje pri HD bez reboundu

e Lze podat i u nemocnych na dialyze; HD doporucovana do 4-24 hod. od
podani (redukce toxicity pfi retenci volnych metabolitl v séru)

* Oxaliplatina
* 50% podaného mnozstvi se vylouci ledvinami do 5 dni od podani
* Lze podat u CKD, davky upravit pfi GF nizsi nez 20 ml/min.
U HD nemocnych podavat |éCbu tésné pred nebo béehem HD



Podavani cytostatik u snizené GFR
* Cyklofosfamid

* Dominantni vyluCovani hepatalni; redukce u CKD trochu kontroverzni
* Doporucovana redukce v zavislosti na véku (60-65, > 70) a na GF (<30 ml/min)
* HD velmi ucinné eliminuje CFA a jeho metabolity

Ifosfamid
* Mesna v davce odpovidajici 60% podané davky ifosfamidu
e Kontraindikace poddvani u nemocnych se snizenou renalni funkci (GF ?) IEAEGWZALLY
* HD doporucovana do 24-hod. po podani |éCby >60 80% of normal dose
- Cimetidin ? (blokada OCT2) 30-60 80% of normal dose
'me ' 15-30 80% of normal dose
ME'falan <15 60% of normal dose

o Redukce 0 25 % U GFR mezi 10_50 ml/mm Ashley and Currie: The Renal Drug Handbook, 2009
* Redukce 0 50 % u GFR < 10 ml/min

Chlorambucil
e Redukce 0 25 % u GFR mezi 10-50 ml/min
* Redukce 050 % u GFR < 10 ml/min

Methotrexat
* Neni doporucovan u nemocnych se stredné a vysoce pokrocilou CKD




Vliv CKD na farmakokinetiku CFA

Serum concentrations of CYC

ug/mL

80 - trojuhelniky: kontrola (N=12)
70 ¢tverce: CKD, CLCr = 10-25 mL/min (N=5)
60 pIné kruhy: CKD, CLCr = 25-50 mL/min (N=6)
50 % prazdné kruhy: ESRD s HD (N=6)
e
INT
40 ;’i'; AL * Vzhledem k oddialyzovani ¢asti léciva byla u HD pacient( celkova
30 :j» Q\ET exposice (AUC) oproti pacientiim bez CKD pouze o 23 % vyssi.
50 7l s{:L‘:E}}';\:3_;;;:.:;: * U pacientl s CKD bez HD byla vy33i 0 42 % (CLCr = 25-50 mL/min)
;;' A \i . o J O T az 77% (CLCr = 10-25 mL/min).
10 [ O o e N
0 [[;] | ! — \ T ‘)\\w?h?_:g
3 6 9 12 15 18 21 24
O Dialysis

Snizeni davky o 20-30 % u pac. na HD
Neprovadét HD drive, nez 12 hod po podani CFA, aby nedoslo k oddialyzovani léku a snizeni ucinku terapie.

Haubitz M, Bohnenstengel F, Brunkhorst R et al. Cyclophosphamide pharmacokinetics and dose requirements
in patients with renal insufficiency. Kidney Int 2002; 61: 1495-1501



Podavani cytostatik u snizené GFR

* Taxany
* Neni nutna redukce davek u CKD

e Capecitabine (5-fluorouracil)
e Redukce 0 25% u CICr mezi 30-50 ml/min
* Nepodavat u pacientl s CICr < 30 ml/min

* Azathioprin
* Redukce 0 25% u GF mezi 10-50 ml/min
* Redukce 0 50% u GF < 10 ml/min

* Interferony
* Redukce davek u CKD c¢i prodlouzeni davkovaciho intervalu

IMID
* Thalidomid, pomalidomide — neni nutné redukovat u CKD
* Lenalidomid — nutna vyrazna redukce u CKD

* Proteazomoveé inhibitory
 Bortezomib neni nutné redukovat u CKD

* Ixazomib redukovat davku u CKD; carfilzomib vysadit pfi renalni toxicite
(S-kreat. > 2x nad baseline, GF < 15 ml/min nebo HD), poddvat po HD



Opening an onconephrology clinic: recommendations and basic

requlrements
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Table 2. Clinical evaluation of the patient with cancer and kidney disease

- 0000000000000000000000000.0..................................................0]
Physical examination

Evaluation of comorbidities and preexisting kidney impairment (clinical and subclinical)
Evaluation of ongoing (and previous) therapies, both oncological and not oncological
Renal function tests

eGFR with a CKD-EPI formula (BSA-adjusted CKD-EPI)

When needed, directly measure e GFR (creatinine clearance, nuclear medicine GFR evaluation, etc.)
Basic haematology, including ditferential white blood cell count
Urinalysis and examination of urinary sediment examination; quantification of proteinuria
Electrolytes and serum enzymes (including serum calcium, phosphorus, uric acid and magnesium, LDH and uric acid).
Obtain trends of all pertinent labs including 5Cr, LDH, CBC and urine protein:creatinine ratio
Acid-base balance and abnormalities
Blood pressure (including ABPM whenever necessary)
Basic imaging: renal/abdominal US
Basic imaging: oncological disease status evaluation, as appropriate (CT, MRI, etc.)




, 1ake home message”

* Nejcastejsimi projevy tubularniho poskozeni jsou:
* Hypokalémie/hyperkalémie
* Hyponatremie/...hypernatremie
* Hypomagnezémie
* RTA
* Tubularni poskozeni se vetsinou manifestuje jako poskozeni proximalniho

tubulu (Fanconiho syndrom), méneé casté jsou projevy poskozeni distalniho
tubulu ¢i TAL

* Zjisténi a vysazeni patologické noxy nemusi vést ke kompletni reparaci
renalni/tubularni funkce

* Nové moznosti |éCby rady tubularnich chorob diky pochopeni jejich
etiopatogeneze
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