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I. Uvod

How Can We Improve the Quality 
of Cancer Care? 
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I. Uvod

• farmakokinetika kemoterapeutika (tzv. ADME)

• Optimalna doza=maksimalno podnošljiva, uz prihvatljivi profil toksičnosti, a 
kojom postižemo najbolju stopu tumorskog odgovora

• Doziranje onkološke terapije: 
• BSA (engl. body surface area) 

• kemoterapeutici & neka monoklonska Pt 

• tjelesna težina 
• eGRF, AUC
• fiksne doze



II.I. Doziranje temeljem BSA 

Zašto baš BSA? 
• Druge biometrijske mjere – npr. lean body mass, ideal body mass, body mass

indeks

• odnos intra- i ekstracelularne tekućine (edemi, ascites), sarkopenija

• tjelesni ekstremi (pretilost, kaheksija)



II.I. Doziranje temeljem BSA (debljina) 

Lyman et al., J Clin Oncol. 2003. 



II.I. Doziranje temeljem BSA (debljina) 

ASCO preporuke (2012.)
1. Koristiti stvarnu tj. težinu za izračun doze kemoterapije, posebno kada je 

terapijski cilj IZLJEČENJE. 
2. Nuspojave kemoterapije zbrinjavati jednako kao kod bolesnika normalne tj. 

težine.  
KOMORBIDITETI, sarkopenija, kumulativne doze 



II.II. Doziranje temeljem tjelesne težine

• kemoterapeutici
• kladribin (CLL, leukemija vlasastih stanica), melfalan (multipli mijelom)

• monoklonska Pt 
• ipilimumab, bevacizumab, trastuzumab, panitumumab, brentuximab, 

ramucirumab



II.III. Fiksne doze (engl. „flat-dose”)

• kemoterapeutici
• bleomicin (karcinom testisa vrs. Hodgkin limfom)

• vinkristin (2mg vrs. 1.4 mg/m2)

• monoklonska Pt
• rekombinantna humana hijaluronidaza

• trastuzumab, rituximab

• pertuzumab



II.III. Fiksne doze (engl. „flat-dose”)

• kemoterapeutici
• bleomicin (karcinom testisa vrs. Hodgkin limfom)

• vinkristin (2mg vrs. 1.4 mg/m2)

• monoklonska Pt
• rekombinantna humana hijaluronidaza

• trastuzumab, rituximab

• pertuzumab

• inhibitori kontrolnih točaka (nivolumab & pembrolizumab)

• inhibitori kinaza (TKI, BRAFi, mTOR) 



II.IV. Računanje doze prema AUC-u 

• kemoterapeutici koji se izlučuju bubregom 

• doza (mg)=AUC 4-6mL/min x eGFR + 25 
• AUC 6=900 mg

• AUC 5=750 mg

• AUC 4=600 mg



III. Praktične preporuke

• formula za izračun BSA ? 

• vaganje bolesnika prije svakog ciklusa ?  

• „capping” BSA – 2.01m2 & BSA=2.51m2

• maksimalna kumulativna doza ! 
• bleomicin (400 U)

• antraciklini (npr. doxorubicin 450 mg/m2)

• zaokruživanje doza ?
• bevacizumab 800mg vrs. 810mg vrs. 790mg



IV. Zaključak (I) 

Obvezni smo poznavati farmakokinetiku i farmakodinamiku lijekova 
koje primjenjujemo, moguće interakcije s drugim lijekovima, prilagoditi 
doze ovisno o podnošenju liječenja i na taj način pridonijeti što boljem 
učinku liječenja, u smislu optimalnog terapijskog odgovora, uz 
izbjegavanje i ublažavanje ev. pojave nuspojava. 



• Many current doses and schedules in clinical use have probably not 
been developed based on what might be therapeutically optimal, 
but may have been dependent on extraneous or practical issues 
such as the 5 day working week. 
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Mechanisms of renal (drug) excretion; clearance
Clearance is a pharmacokinetic measurement of the volume of 
plasma from which a substance is completely removed per 
unit time. Usually, clearance is measured in L/h or mL/min.

CrCl vs. true GFR

Creatinine clearance co-indicentally matches
eGFR down to 60 mL/min
- 10% of UCr is from tubular secretion
- 10% of SCr is from non-creatinine

chromogens
- These values cancel out eachother



Clearance vs. GFR

• GFR does not account for tubular secretion→ NOT appropriate for 
drugs with PK profiles different than Cr

• Most drug doses were determined prior to CKD-EPI and MDRD 
equations and so they were determined using CG equation



CKD and cancer – emerging evidence for a connection

• Over 50% of solid tumor patients have eCrCl or eGFR <90 mL/min  
and up to 20% have <60 mL/min (situation is even more dire in
hematologic patients)

• Vice versa, after dialysis, cancer risk increases 10 to 80% according to 
studies, with relative risks significantly higher than the general 
population for about ten cancer sites.

• There is emerging evidence for an excess risk of cancer in patients at 
early CKD stages.

J Nephrol. 2010; 23(3): 253–262.
Cancer. 2007 Sep 15;110(6):1376-84.

Br J Cancer. 2010 Dec 7;103(12):1815-21. 



Why it is important to accurately estimate KF?

• Approximately 50% of all anticancer drugs are excreted
predominantly in the urine as unchanged drug or active 
metabolite(s)

• Risk of most types of cancer increases with age

• Prevalence of cachexia in cancer patients is between 50 to 90%

• Results of French Renal Insufficiency and Anticancer Medications 
(IRMA) study showed that while only 7.2% patients had SCr>110
umol/L, 57.4% (using MDRD) and 52.9% (using CG) of all study
patients had renal insufficiency

• Over 53% of anticancer drug prescriptions required dose adjustments

J Cachexia Sarcopenia Muscle. 2018 Dec; 9(7): 1189–1191.

Cancer. 2007 Sep 15;110(6):1376-84.





What are the dosing problems in cancer patients?

• Appropriate way to estimate kidney function is important within the 
general medical population, but it is particularly crucial in patients with 
cancer due to the highly toxic adverse event profiles and often steep 
dose-therapeutic response relationships that characterize anticancer 
agents as a class.

• Anticancer drug dosing is typically done on the basis of maximum 
tolerated dose (highest dose that may be administered without 
unacceptable toxicity).

• Dose reductions or alternative agent selection due to decreased eGFR 
may lead to reduced effectiveness, failure of therapy, use of less effective 
or more toxic second- or third-line agents, and ultimately, decreased 
survival.

Clin J Am Soc Nephrol. 2019 Apr 5;14(4):587-595.



Different methods to estimate GFR

None of the widely-used equations has been derived
for use in cancer patients!



Does cystatin C improve the accuracy of creatinine-based eGFR 
formulas?

Cystatin C, a 122 amino acid with 
molecular weight (13-kDa) cysteine 
protease inhibitor, produced by all 
nucleated cells, freely filtered by 
the renal glomerulus, no tubular 
secretion, reabsorbed and 
completely catabolized by tubular 
cells, not excreted

The combined creatinine–cystatin 
C equation performed better than 
equations based on either of these 
markers alone and may be useful
as a confirmatory test for chronic 
kidney disease.

N Engl J Med 2012; 367:20-29

Proved to be a good biomarker in 
general population, diabetics, 
cardiovascular disease, across 
different CKD stages and 
ethnicities.....

...but is it a good biomarker in 
cancer patients?



This study demonstrated a malignancy and treatment-
mediated effect on cystatin C measures, which may confound 
its clinical utility in estimating GFR in oncology patients.

Cystatin C concentrations were significantly higher in oncology 
patients both prior to commencing chemotherapy and during 
cycles of treatment when compared with a reference 
population. Cystatin C concentrations also increased 
significantly during chemotherapy in a subset of female 
patients evaluated. Poor agreement was demonstrated 
between CKD-EPI CysC and creatinine-based GFR estimates 
within the investigated GFR ranges, with improved agreement
when using the combined CKD-EPI SCr/CysC formula.

Pract Lab Med. 2017 Aug; 8: 95–104.



D

Difference in eGFR.....



......translates to difference in carboplatin dose......



In conclusion, we have shown that both
the MDRD and the CKD-EPI estimation
equations performed poorly compared
with the reference standard rGFR using
51Cr-EDTA in a heterogeneous oncology
patient population that is also ethnically
diverse. We have also shown that both
equations are poor across the range of
common cancer types and less
common cancer types treated with
carboplatin-based or non-carboplatin-
based chemotherapy regimens. The
large inaccuracies seen in carboplatin
dosing by the use of eGFR values lead
us to recommend that an exogenous
filtration marker, such as rGFR, should
be used for accurate carboplatin
chemotherapy dose calculation,
however, if no rGFR is available then the
use of the CG equation is preferred.



What about non-carboplatin cth?

There is good concordance of the
GFR derived from the CG and MDRD
formulas for most cancer patients,
with less than 10% of patients
expected to receive a different
initial dose of chemotherapy. The
MDRD formula may be a reasonable
alternative to the CG formula for
dosing of cancer drugs which are
renally excreted or nephrotoxic.

J Oncol Pharm Pract. 2010 Jun;16(2):113-9.



So… which formula should we use?

• As mentioned, most formulas currently in use are derived in non-
cancer patients (or in general population)

• NCCN vaguely recommends use of CrCl in their guidelines pertaining 
to elderly adults and “GFR calculations” in their guidelines related to 
adolescent and young adults, whereas the SIOG does not state a 
preferred estimation method

• Even though CG formula is known to be markedly less accurate in the 
elderly and patients with extremes of body composition and 
decreased muscle mass, it is the most widely used formula in KF 
evaluation today

National Comprehensive Cancer Network (NCCN), International Society of Geriatric Oncology (SIOG)



Mililiters or mililiters per 1.73 m2... That is the question...



• The dose administered should be adjusted in proportion to the reduction of creatinine 
clearance for patients with renal impairment since they require lower doses to achieve 
AUCs comparable with those seen with patients with normal renal function. 

• Calvert et al. have proposed the following formula for calculation of dose: 

Carboplatin Dose (mg) = Target area under the curve (AUC mg∙min/mL) x (GFR* + 25)

• Where the target AUC [area under the plasma concentration x time curve] is in the 
target range of 5 to 7 mg/ml per min for acceptable toxicity in patients receiving single 
agent carboplatin.

Area under the curve...

* Cockcroft-Gault Equation



Area under the curve...



Think about the future…

• Onconephrology…

• The available formulae have documented limitations in small data 
sets of cancer patients who are commonly sarcopenic and cachectic.

• As such, the adjustment of CKD-EPI, lacking weight and height 
measurements, to body surface area (BSA) seemed the most 
accurate model to estimate GFR in cancer patients.

• This led to the new model by Janowitz et al…



Janowitz and Williams’ (JW) equation

Sleilalty et al. Intern Med J. 2018 Nov; 48(11)1382-1388



Janowitz and Williams’ (JW) equation



Conclusions

• No ideal way to measure GFR (or clearance)

• No ideal way to accurately dose Cth

• Appropriate formula depends on type of Cth used

• Despite the recent physiopathological advances in understanding the 
mechanism of anticancer drug nephrotoxicity, prevention still relies 
on drug dosage decrease, and active screening for renal 
abnormalities as part of the usual biological work up in patients 
treated with anticancer drugs 

• „Precision medicine”


