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Abstract

Anticancer drugs have a narrow therapeutic index, high toxicity and they exhibit great interindividual pharmacocinetic 
variability. All these proofs make the therapeutic pharmacological monitoring necessary to improve the response and better 
control the toxicity of these agents which is studied by several studies contrary to the effectiveness of which the bibliograph-
ical data are limited.

The majority of randomized trials show that the most relevant pharmacokinetic parameter for these anticancer drugs is the 
area under the curve (AUC). Unfortunately until now TDM is still limited in daily practice for the majority of agents as the 
scarcity of published data from pharmacological trials, the use of these agents in combined protocols in different types of 
cancer and also the variety administration schedules. This reviewed article discusses common applications of anticancer 
drugs in evaluating the use of TDM by presenting their level of evidence. Some anticancer drugs commonly use TDM « ma-
jor challenge » such as 5-Fu, methotrexate high dose, carboplatin whose dose adjustment is feasible and the dosage is based 
on pharmacokinetics which improved the therapeuticresponses in patients receivingthese drug by reduceing toxicity and 
increase efficacy.
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Introduction

	 Cancer drugs are systemic treatments that work on 
cancer cells regardless of their location throughout the body. 
They are characterized by significant toxicity resulting from their 
non-specific action on all rapidly multiplying cells. Most of these 
drugs are characterized by a strong dose-response relationship, 
the efficacy of which for these anticancer drugs is practically in-
separable from their toxicity, and the therapeutic index of these 
drugs is very narrow. Interindividual pharmacokinetic variabili-
ty is generally significant [1-4]. These data are a strong argument 
in favor of Therapeutic Drug Monitoring (TDM) which would 
allow the dose to be adjusted according to theindividual phar-
macokinetic characteristics.TDM can be defined as the measure-
ment of specific drugs and /or their metabolites concentrations 
in biological sample of treated patient such as plasma at timed 
intervals to allow better individual adaptation dosage of the 
treatment. This approach ensure the optimal concentration ex-
posure in order to improve therapeutic efficacy and reduce toxic-
ity. Several drugs that are controlled have a narrow « therapeutic 
index », which is defined as a ratio of the toxic dose to the effec-
tive dose of the drug. The choice of the drug which enters into 
this approach is based on the most important criterion which 
is the therapeutic index must be narrow. Not all drugs require 
therapeutic monitoring because most of these medication have a 
broad therapeutic index and are prescribed on the basis of pre- 
established dosage protocol such as hypertenseur drugs [5,6].
In practice, the majority of long-term treatments deserve to be 
piloted and monitoring their concentration can helpguarantee 
the effectiveness of these agents while minimizing their toxcitity. 
Generally, optimization of treatment (Dose) require an adequate 
and obvious biomarker which pharmacokinetic.

	 In oncology, TDM is an emerging disciplina. We know 
that the evidence for the effectiveness of anti-cancer drugs is 
scare and difficut to obtain, given the variation in protocols 

and treatment modalities. The TDM of these agents is based on 
their respective specificities characteristics: a narrow therapeutic 
range of concentration between toxicity and efficacy and their 
higer interindividual variability. Even, if there is no consensus for 
TDM, the practices are adaptable and have the capacity to evolve. 
Prospective clinical trials should help validate the benefit of dose 
individualization based on limited population and blood sam-
pling procedures. When the clinical benefit of TDM for an agent 
has been demonstrated, it is mandatory that the greatest number 
of patients can benefit from it. This transition is a continuous 
process which regularly requires a synthesis of the results of re-
search and the clinical disciplines concerned. Although this dose 
adjustment strategy allows for a usual management modality 
and TDM can only be noticed if it is practically feasible. How-
ever, there are limits which slows down the implementation of 
an TDM for certain anticancer drugs, these limits are of an ana-
lytical nature such as the dosing device used and organizational 
or methodological such as routine use of combination chemo-
therapies for many types of tumors, the paucity of published 
data from pharmacological trials, administration schedules and 
the difficulties of dose adaptation “in real time”For the different 
protocols used [7-10].The plasma concentrations of these agents 
are measured using mainly HPLC (High Performance Liquid 
Chromatography) with UV detection or fluorescence or HPLC 
coupled to mass spectrometry .

	 In this situation the question which arises: what is the 
level of evidence of TDM with respect to the arguments avail-
able in the literature? according to the methodology described by 
Guellec et al [11]. Different proofs must be determined such as: 
arguments in favor of the exposure-efficacity / toxicity relation-
ship, clinical situations leading to changes in pharmacokinetic 
parameters; the biological parameters which can evaluate the 
clinical effect of the drug, the controlled concentration studied 
... Indeed, the level of TDM evidence is determined following an 
evaluation of bibliographic data (Table1)	
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Level of recommendation Arguments of the level recommendation
Essential Clinical care directly depends on TDM TDM is mentioned in governmental drug

approval
Strongly recommended Randomized trials show that TDM is associated with improvement in terms of effi-

cacy or toxicity Pharmacoeconomic studies show interest of TDM
Recommended Nonrandomized trials show that TDM is associated with improvement in terms

of efficacy or toxicity
Potentially useful Drug is associated with pharmacokinetic variability and relationships between

exposure and efficacy or toxicity are observed
Needed to be assessed Drug is associated with pharmacokinetic variability but relationships between

exposure and efficacy or toxicity are lackingTherapeutic range is often large

Table 1: The levels of evidence for therapeutic pharmacological monitoring according to the definition of the TDM group of 

the French Society of Pharmacology and Therapeutics

The aim of the present article is to evaluate the usefulness of TDM in somes anti cancer drugs and to discusses their current 

applications and also justify their level of evidence

Current Applications of Tdm in Anticancer 
Drug

Imatinib

Reasons of intervariability in Pk of imatinib 

	 Imatinib is a tyrosine kinase inhibitor, used as a curative 
agent in the treatment of chronic myeloid leukemia (CML) [12-
14], during the maintenance phase, and in the gastro-intestinal 
stromal tumor (GIST) [15]. In both indications, this drug is ad-
ministered daily, at a dose varying between 400 and 600 mg in 
depending on cancer type and stade, it has been demonstrated 
that this dose was associated in some patient to a lack of response 
in cases of CML and/or GIST [16,4]. Moreover, standard pre-
scribed doses of imatinib were associated with a large variations 
of trough concentrations [Cmin], ranging from 150 to 3910 ng/
mL [17]. The inter-individual variability in C0 is estimated at 
54.1% and 43.6%, respectively, in patients receiving 400mg and 
600 mg daily [4,18].

	 The inter-individual variability of Imatinib concentra-
tion is mainly explained by many factors such as age, gender and 
body weight [2,17]. Moreover, the variabiltity in drug concentra-
tion is partly explained by polymorphisms in enzymes implicated 
in the metabolism of this chemotherapy agent. Indeed, Imatinib 
is metabolized by hepatic cytochrom CYP 450, mainly through-
out its CYP 3A4 isoform [19]. The activity of CYP3A4 depends 
on drug-drug and drug – food interactions and environmental 
factor. This anticancer drug is eliminated predominantly via the 

bile; renal excretion plays a negligible role in imatinib elimina-
tion with a terminal elimination half time at 19.3 ± 4.4 hours [21]
For all these reasons, TDM of this drug is mandatory to better 
assess the efficacy and toxicity of this agent. 

Relationship drug concentration and efficacy

	 Several studies focused on pharmacokinetic/ pharma-
codynamic relationship of Imatinib have demonstrated a posi-
tive correlation between trough concentrations (C0) of this drug 
and clinical response. The C0 threshold varied according to the 
type of tumor and/or the duration of treatment [2,8,21-22].
According to European LeukemiaNet (ELN) recommendations, 
an optimal clinical response in CML is defined as a BCR-ABL 
1 transcript level ≤10% at 3 months; i.e, a complete cytogenetic 
response (CCyR) at 6 months, and ≤0.1%, i.e, a major molecular 
response(MMR) at 12 months or later [23].

	 Ishikawa et al in 2010 has found that a threshold C0 val-
ue of 974ng/ml was associated with a major molecular response 
(MMR) [24]. In two other studies, plasma imatinib concentra-
tion more than 1002 ng/ml and more than 1009 ng/ml were sig-
nificantly associated with the achievement of satisfactory of both 
cytogenetic and molecular responses; respectively at 3 months 
and12 months and later (Awidi et al., 2010; Picard et al., 2007) 
[18,25]. Hence, it is suggested that patients reaching a plasma 
trough concentrations above 1000 ng/ml were more likely to 
achieve a satisfactory clinical response of CCR and MMR than 
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those having a concentration less than 1000 ng/ml [26,27].
	 For GIST, studies focusing on association between ima-
tinib concentration and clinical outcomes are rare. In this re-
spect, it has been demonstrated in a clinical trial that patients 
with Cmin at 1 month above 1110 ng/ml has better clinical out-
come than those having a Cmin < 1110 ng/ml. Indeed, the re-
sponse rate was at 67% and 74%, respectively, in patients having 
a Cmin < 1110 ng/ml and Cmin > 1110 ng/ml, (p=0.002) and the 
median time of tumor progression was at 11.3 and 30 months (p 
=0.003), respectively [26]. 

	 In another study, Bouchet et al have demonstrated that 
a threshold of 760 ng/ml Cmin of imatinib, performed at least 1 
month of treatment, was associated with 65% reduction risk of 
progression (p: 0.0271) independently of the anatomical local-
ization [28]. However, further studies are required to be defined 
a clear threshold in GIST patients.

Relationship drug concentration andtoxicity

	 Correlation between imatinib plasma concentration 
and toxicity is still controversial. Only limited studies have 
demonstrated a positive correlation between drug exposure and 
toxicity in CML patients. Delbaldo et al, showed that unbound 
drug exposure, i.e, the area under the curve was correlated to 
the hematological toxicity of imatinib [29,30]. In another study, 
Guilhotet al., have demonstrated that higher imatinib Cmin, 
greater than 3180 ng/mL, on Day 29 was associated with the fre-
quency of all-grade neutropenia, anemia, and leukopenia and 
thrombocytopenia within the first three months of therapy [31].

Level Evidence Supporting imatinibTDM

	 However, 19 studies including a large sample size (4563 
patients) weredone to further validate a Cmin therapeutic range 
of imatinib between 1000 to 1500 ng / mL because of a value > 
1500 ng / mL would have increased the probability of toxicity.

	 Recently, asystematic review including 38 studies con-
firmed this recommended therapeutic range for this anticancer 
agent (1000 to 1500ng/ml). The authors concluded that TDM of 
imatinib is highly useful and “strongly recommended”to improve 
efficacy outcomes in patients with chronic phase CML treated 
with imatinib 

Fluoro-uracile (5-FU)

	 5-FU is a pyrimidine analogue, which interfere with 
RNA and DNA synthesis constituents to prevent cell prolifer-
ation. Since its development over 50 years, this antineoplastic 
drug has improved response rates and survival in different type 
of cancer [32]. It is widely used in adjuvant, neoadjuvant and 
metastatic treatment of a range of cancer such as breast; esopha-
geal, colorectal cancer [33,34]. Its combination with oxaliplatin, 
irinotecan and biological agent has shown a better efficacy than a 
monotherapy protocol [35,36]. 

Interindividual variability of 5-FU 

	 Despite these improvements, resistance and toxicities 
to 5-FU remains a limitation to its therapeutic optimization. In-
deed, different schedules of 5-FU administration, based on body 
surface area (BSA) or body weight [37], have been used, such as 
continuous i.v. infusion and bolus injection. However, these ad-
ministration strategies leaded to a variability between patients in 
clinical response and occurrence of toxic side effetcs. This vari-
ability has been explained by a wide interindividual variability of 
5-FU pharmacokinetics and has been demonstrated in several 
studies [38,39]. The correlation between 5-FU clerance and BSA 
has been proved in 81 patients with cancer colorectal metastatic 
who received a dose of 1.3mg/m2continuous injection of 5-FU 
while 8h /j. They observed an important interindividual vari-
ability (10 fold) in plasma clairance from 0.49 to 4.93 L/h/m2. 
Knowing that, BSA does not symbolise for may factor who are 
involved for a range of 5-FU such as genotype, age, gender, dis-
ease state, drug-drug interactions [40]. Similary pharmacokinet-
ic study (in 13 gastrointestinal cancer patients) showed the 5-FU 
plasma clairance varied from 0.39 to 2.55 L/h/m2 if the injection 
is by bolus at a dose of 15 mg / kg [41]. Whatever the infusion 
schedule, the clearance pharmacokinetic analysis revealed a sig-
nificant interindividual variability. A small part of this variabili-
ty has been attributed to demographic parameters (age, gender, 
weight) [42]. The variability of the activity of enzymes implicated 
in 5-FU metabolism has also been reported to have an impact on 
5-FU pharmacokinetic.
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Evaluation of 5-FU exposure-toxicity relationship 

	 T2he relationships between pharmacokinetics/toxicity 
have been well explored in depth compared to the pharmacoki-
netic / efficacy relationship. Since the significant interindividual 
variability of 5-FU was observed whatever the mode of adminis-
tration (bolus or continuous). Most studies treat the pharmaco-
kinetics / toxicity relationships, in colorectal cancer patients with 
doses ranging from 370 and 600 mg / m2, have shown that the 
most common serious side effects are nausea (9.4% continuous 
infusion, 23% in bolus), diarrhea (about 13%), mucite (14.3% in 
bolus ; 26% continuous infusion) and 53% neutropenia [43,44]. 
Blaschke et al in 2013 have showed a good correlation between 
the concentration of 5-FU and the toxic effect of grade 3 and 4 
[45]. The main cause of toxicity is known: it is a total or partial 
deficiency of DPD (dihydropyrimidine dehydrogenase) respon-
sible for inactivating 5-FU. This enzyme is coded by DPYD gene 
and the 5-FU clerance is predominantly dependent on DPD. 
This letter plays an important role in catabolism of 5-FU which 
transforms 5-FU into inactive dihydro-5FU. 90% of the dose is 
degraded by DPD. The inter-individual variability observed in 
the DPD enzymatic activity is largely explained by a genetic fac-
tor who has been identified as a risk factor of fatal toxicities in 
deficient patients [46]. In addition, this deficit was observed with 
a severe risk or fatal excess toxicities in capecitabine (5-FU pro-
drug). Indeed, in the patient receiving a standard dose of 5-FU, 
any significant decrease in DPD activity will train an over dose 
which may cause an hematological and degistive toxicities [47]. 
This deficit, incaucasian population, can be complet (0.1% to 
0.5% in population) or partiel (3% to 10% of patients). Accord-
ing to bibliographic data and recommendation, it is necessary to 
should be performed a DPD deficiency screening before initiat-
ing 5-FU treatement, especially in patient at high risk of toxicity 
or in an adjuvant situation [47,48].The search for DPD complete 
deficit will also lead to the identification of patients with a par-
tial deficiency of this enzyme which occurs on the one hand by 
determining the mutations in the DPYD gene and on the other 
hand by phenotyping evaluation.From analytical point of view, 
this phenotype analysis and TDM of 5-FU is carried out by chro-
matographic technic. Itis determined by measurement of urac-
ilemia (Overall marker enzyme activity) and calculation of the 
ratio dihydrouracil/uracil (UH2/U). An uracelemia value greater 
than 150 ng / ml suggests a complete DPD deficiency associated 
with a risk of severe toxicity from 5-FU. This correlation has been 
proven by several studies [46,51]. These toxicities are frequently 
observed during the first two cycles of chemotherapy leading to 
an increase in the concentration of 5-FU.

	 In patients with partial DPD deficiency, a reduced dose 
of 5-FU was used in the first cycle which will be followed by an 
adjustment of the 5-FU dose. This letter is based on pharmacoki-
netic data to avoid severe toxicities. Data bibliographic report a 
significant correlation between the ratio (UH2/U) /or uracelimia 
and the main pharmacokinetic parameters (clearance, plasma 
concentration). The relationship between drug exposure and re-
sponse is well established when assessment is done at the con-
centration level and at the target site. Whether this relationship 
can provide a clarification for clinical result such as toxicity and 
/ or efficacy. It is important to assess this relationship before ini-
tiating a 5-FU dose modification [49]. 5-FU is characterized by 
a narrow therapeutic index and a strong exposure-toxicity rela-
tionship. These conditions support the use of 5-FU TDM treat-
ment method to optimize therapy and treatment in the future. 
Several studies have shown the interest of TDM for injectable 
forms during a randomized trial (fixed standard dose versus in-
dividually adapted dose), the results showed that in the group 
having benefited from a dose adaptation, the observed expo-
sure was reduced, also the toxicity was less while the efficacy in 
both groups was similar [48,50]. Indeed, the toxicity incidence 
was significantly correlated with AUC [51-53]. The continuous 
infusion appears to be less toxic than the intravenous bolus. In 
the case of a continuous 5-day infusion, the therapeutic index 
of 5-FU is narrow, the AUC value is between 29 and 30 mg in 
patients with ORL cancer and who have a 5-day infusion. In the 
case of 8 hoursinfusions given to patients with metastasized col-
orectal cancer, severe toxicity was related to plasma concentra-
tions greater than 3000 ng / mL (i.e. AUC0 → 8 h = 24 mg h / L). 
The AUC threshold value used for toxicity is 30 mg h / L in both 
ORL cancer and metastatic colorectal cancer(Picard et al., 2007).
An initial dose of 1.5g/m2 5-FUwasinjectedin 104 patients with 
metastatic colorectal cancer (mCRC) (Table 2). Patients were 
randomized in two groups, one of this groups received a fixed 
dose throughout the cycle (without TDM) and another group 
received an initial dose of 5-FU and after all subsequent doses 
are adjusted weekly and guided by the result of pharmacokinet-
ic (with TDM). Indeed, the dose of 5-FU subsequently admin-
istered in the following cycles was based on measurement of 
steady-state concentration (Css). The results showed that plasma 
concentration reached 2500 ng/mL to 3000 ng/ml, which cor-
responds to AUC0-820–24 mgh/L. The target concentration has 
been reached during 4 cycle in 94% of patients (with TDM) of 
which after 3 months, the dose mean administred in this group is 
1790 mg/m2/week. Unlike the other group (without TDM) and 
with received a dose of 1.5 g/m2 5-FU. The result showed that 
plasma 5-FU levels were in the target therapeutic range in only 4 
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of 49 patients, on the other hand the plasma concentration found 
in 5 patients is in the toxic range and a discontinuation of treat-
ment in one patient [48]. 

Deseases Doses Regimen Modal-
ities of 
adminis-
tration

Pharmaco
kinetics (PK)

Lower limit 
of efficacy

Upper 
limit of 
efficacy

Pharmaco-
dynamics 
relation-
ships

Level of 
evidence 
for

References

TDM
Platinium salt  
Cisplatin in adult  
ovar-
ian or 
testicular 
carcino-
ma

80-10
0mg/m2

cisplatin Continous 
infusion 
over 120h

Cmax 1.95µg/ml - Nephrotox-
icity

Limited (Salas et 
al;2006)Recom-

mendation 

Carboplatin in adult  
ovarian 
carcino-
ma of 
epithelial 
origin

40-1000
mg/m2

carbopla-
tin

120 h with 
dose ad-
justment

  5 7 Thrombo-
cytopenia, 
Ieukopenia

potentially 
useful

(Jodrell et 
al ;1992)

small 
cell lung 
carcino-
ma.

at 24 h AUC mg.min/mL mg.min/
mL

Oxaliplatin in adult  
mCRC 85 -130 

mg/m2

oxalipla-
tin

2 -6 h Clerance < 30 
mL / min

- - Nephrotox-
icity

potentially 
useful

(Gori et 
al ;2014)

Cancer 
colon 

Dose reduced 
from 30% to 
50%

Hematopo-
etic toxicity

5- Fluouracil  
  1.5       20 24 Leuko-

penia, 
thrombo-
cytopenia

   

mCRC g/m2 5- FU   AUC0-8h mg/min/ml mg/min/
ml

Toxici-
ty:mu-
cositis, 
diarrhea,-
leukope-
nia,anemia

  (Lee et al ; 
2016

      8h Cmin 2500ng/ml 3000ng/
ml

  Strongly 
recom-
mended

 

Table 2: Evidence level of TDM for platinum compounds and 5-FU as a function of cancer type
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CRC 1.3 5-FU 
+Leucov-
orin

  AUC0-8h 16 24     (Gamelin 
et al ;1999)g/m2 8h Cmin mg/min/ml  mg/min/

ml
   

      2000ng/ml 3000ng/
ml

   

Head 
and 
Neck

1g/m2 5-FU+ 
oxal-
iplatin 
(130mg/
m2)+ 
folonic 
acid

Over 46h   20 30     (Goirand 
et al ;2018)

AUC0-5days mg/min/ml mg/min/
ml

   

	 The same team studied the effect of adjusting 5-FU dose 
according to the plasma concentration but the 5-FU (initial dose: 
1.3g/ m2) is injected weekly with an association of 400mg/m2 
locovorinin 152 patients with CRC. Ajustement of the 5-FU dose 
made every week according to the plasma concentration to reach 
the optima therapeutic range of 2000 to 3000 ng/ml correspond 
to AUC0-8h 16-24 mgh/L (Table 2). After 3 months of treatment, 5- 
FU dose was increased in 124 patients, maintained in 6 patients 
and decreased 14 patients who have a plasmatic concentration 
greater than 3000 ng/ml which prompts the clinician to reduce 
immediatly the dose to avoid the acute toxicities such as diarrhea 
(39%) and hand-foot syndrome (30%). Therefore, the 3000 ng/
ml of 5-FU plasmatic concentration were significant assocciated 
with a toxicity (p < 0.0001) [37]. Faty and al gave an infusion 
of 5-FUcombinedwithcisplatin to 106 patients, who have head 
and neck cancer, of whom 49 patients had TDM by the deter-
mination of AUC. The latter had a reduction in the dose during 
the second and third course of chemotherapy with an absence of 
mucositis (side effect). while the rest of the patients (57patients) 
are treated without TDM which causes significant neutrope-
nia and thrombocytopenia compared to the group treated with 
TDM of the order of 17.5% vs 7.6% respectively [52].

	 Like wise a AUC0-3dayswas determined in 170 patients 
with squamous cell carcinoma of the head and neck receiving a 
course of chemotherapy of oxaliplatin associated with a contin-
uous 5-day infusion of 5-FU. AUC analysis (AUC0-5day = 20–30 
mgh/L) led to adecision to reduce the 5-FU dose in 40% of pa-
tients (Table 2). This reduction generates a statistically significant 
improvement in response rates (effectiveness) of around 47% in 
the second chemotherapy cure compared to the chemotherapy-
cure, which is around 31%. They also observed a reduction in the 
incidence of toxicity above grade 2 which is in the order of 12.4% 
in the second cure Vs 20% in the first cure [54].

	 All randomized controlled clinical trials have evaluated 
a potential decrease in toxicity in patients with 5-FU TDM. 
This significant reduction in 5-fu related diarrhea, hand-foot 
syndrome [55], mucositis and neutropenia, thrombocytopenia. 
Also, it is consistently documented in non-randomized clinical 
trials.

Evaluation of 5-FU exposure-efficacy relationship 

	 The bibliographic data concerning the concentration-
efficacy relationships are less thorough which is due to the 
diversity of the protocols and the use of associations with one 
or more cytotoxic agents, which does not allow obtaining clear 
data. Although some authors have tried to demonstrate these 
relationships such us the study of Gamelin et al 1996, was carried 
out on 40 patients in which those classified as responders had a 
higher 5-FU concentration than that of non-responders [56]. In 
addition, overall survival at one year was better in patients with 
a 5-FU concentration above the mean concentration (70.6%) 
compared to patients with a concentration below the mean 
concentration average (46%) [57]. However, this study was not 
powerful enough to examine the effect of 5-FU TDM on survival. 
As monotherapy, the randomized trial using a usual 5-FU 
(1500mg / m2) regimen showed that 5-FU TDM significantly 
improved overall response rates from 18% to 33% [58]. 

	 The antitumor activity of 5-FU (efficacy) is explained 
by its mechanism of action. When 5-FU was administered alone 
will generate a response rate of 10 to 15% and total survival 
about 10 months, which is an improvement in supportive care, 
which provided a survival of about six months. Thanks to the 
many protocols, 5-FU was not gived alone but it given combined 
with folinic acid or carboplatin. This combination improves the 



J Pharmacol Drug Metab 2022 | Vol 5: 102  JScholar Publishers                  

 
8

response rate compared to using 5-FU alone, but provides little 
gain in total survival. All authors agree that the use of TDM 
improves clinical efficacy which is determined by response rate, 
not the survival rate, and reduction in overall toxicity [48].

	 In addition, whatever the diagram used in the 
administration of 5-fluorouracil (5-FU) alone or in combination 
regimens. The PK / PD relationship as observed for a single 
drug may differ from the exposure-effect relationship for a 
combination of drugs. Although, the combination therapy 
complicates the evaluation of therapeutic outcome and toxicity 
but the benefits of 5-FU TDM have been demonstrated for 
several cancer treatment protocols. Several studies have shown 
that a PK-based approach can effectively lead to improved clinical 
efficacy, therefore alleviates underdosing or overexposure to this 
drug, and reduced toxicity [53,56].

Level recommendation of 5-FU

	 In sammury, according to literature, there is sufficient 
evidence to stronglyrecommend TDM for the management 
of 5-FU therapy in patients with early or advanced CRC and 
patients with SCCHN receiving common 5-FU dosing regimens. 
The 5-fu obeys the criteria that justify the TDM (larger inter-
individual variability than intra-individual variability, a narrow 
therapeutic index, established exposure-toxicity and activity 
relationships). The results of randomized trials have shown 
that TDM reduces the toxicity rates (primary endpoint) and 
variability in 5-FU exposure, while data on clinical benefit of 
5-FU TDM is very limited despite improved response rates by 
this strategy, who attributes a reserved utility in efficiency but no 
survival benefit [54].

Methotrexate High doses

	 Methotrexate (MTX) is an antineoplastic drug, an 
analogue of folic acid. In high doses (MTX-HD), it is indicated 
in various solid cancers and malignant hemopathies, such 
as lymphoblastic leukemia (LAL), malignant lymphoma, 
osteosarcoma and non‐Hodgkin lymphoma [59].

	 MTX nonspecifically inhibits dihydrofolate reductase 
(DHFR) and thymidylate synthetase (TS). This inhibition 
prevents the reduction of dihydrofolic acid to tetrahydrofolic acid 
and disrupts the synthesis of purine bases (adenin and guanin) 
and a pyrimidine base, thymidine, which are constituents of 
cellular DNA and RNA. Also MTX inhibits directly certain 
enzymes involved in the de novo synthesis of purines [60]. MTX 
– HD has a potential for serious toxicity [61]. This administration 
is always done with sequential administration of folinic acid and 
under the guise of alkaline hyperdiuresis. The dosage of blood 
MTX-HD may be useful in carrying out this therapy. 

MTX –HD TDM

	 Actualy, TDM of this drug is routinely performed to 
adjust the dose of folinic acid secondarily administered to limit 
the risk of MTX-toxicity.

	 The individual dose adjustment of folinic acid depends 
on several criteria such as the type of cancer, adults or children, 
concentration of MTX, hours of samples. Different therapeutic 
protocolsof folinic acid posology are adopted. The most used in 
LAL are the GRAALL (Table3) [62] and EORTC protocols in adult 
and children, respectively. These treatment strategies differt by 
the dose of folinic acidajusted according the MTX concentration 
level. We noted that the acid folinic dose are calclated according 
to BSA. Anyway, the level of MTX concentration allowing the 
end of folinic acid treatmentis <0.2 µmol/l in both adults and 
children. In the malignant lymphomas B, the protocol of folonic 
acid use is the BURKITT protocol in both adult and children.
MTX dosing should be continued until the MTX concentration 
level < 0.15 µmol/l [63]. 
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Methotrexate level (µmol/l)

T/Methotrexate < 0.2 0.2 – 0.5 0.5-1 1 - 5 5 - 10 > 10

H 36 - 25 mg x 4 25mg x 4 25mg x 4 25mg x 4 25mg x 4

H 48 - 25 mg x 4 25mg x 4 25mg x 4 25mg x 4 100 mg x 4

H 72 - 25mg x 4 25mg x 4 100 mg x 4 200 mg x 4 400 mg x 4

H 96 - 25mg x 4 100 mg x 4 200 mg x 4 400 mg x 4 400 mg x 4

>H 96 - 100mg x 4 200 mg x 4 400 mg x 4 400 mg x 4 400 mg x 4

T : time since The start of MTX infusion, MTX : Methotrexate level in µmol/l

Table 3: Adjustment of folinic acid doses level and administration time of Methotrexate in LAL adults 

patients according to therapeutic recommendation « GRALL » 2005

	 This practice is provided for in the most curent protocols 
using MTX-HD, and the dosage is largely used. The aim of TDM 
MTX-HD is to early discover patients in whom drug clearance 
is delayed and who are therefore at increased risk of toxicity. in 
the routine, the measurement of the concentration of TMX in 
biological samples such as plasma, serum and / or whole blood is 
done by the immunoassay technique, although chromatographic 
assays have been developed [64], Clinical result interpretation 
and consequent adjustment of dosage regimes are based on the 
dosing protocols already described [65].

MTX-HD exposure-toxicity relationships

	 TDM MTX-HD is necessary seen that the importance 
of inter-individual pharmacokinetic variability. As seen as 
the therapeutic range, ie the range between the effective 
concentration and the toxic concentration, of MTX is very 
narrow. On the one hand, it allow to know the concentrations 
in the blood concentration and to understand the kinetics 
elimination of MTX-HD, on the other hand, it helps to control 
and modify the rescue either by adapting the doses of folinic acid 
and the modalities of alkaline hyperhydration. TDM MTX-HD 
is essentially based on measurements of concentration at a time 
(hours) which takes into account the start of the infusion. These 
times are described by the clinical protocol in the patient and 
which are :36h, 48h, 72h and 96 h.

	 Indeed, most of the MTX-HD administered dose 
is found unchanged in the urine (60%-90%) and 1 to 10% in 
the form metabolized to 7-hydroxy-methotrexate. The rest is 
eliminated by bile and faeces.

	 Alkalization of urine is made to facilitate the extraction 
of MTX and avoid its intratubular precipitation, since 7-hydroxy-
MTX, a very weak metabolite, inhibits the renal excretion of 
TMX by competition which induces a risk of precipitation of this 
agent in the renal tubules causing an increase in nephrotoxicity. 
Several studies have looked for a link between the level of 
individual exposure and toxicity. The results obtained are 
interpreted according to different treatment protocols (infusion 
modalities : dose and time), type of cancer, etc. [65,67,68]

	 The first studies which were made, in adult and child 
patients, showed that the infusion of a dose of 2 to 10 g / m2 in 
short infusion of 6 hours to generate a development of a toxicity 
in 42%. This toxicity is explained by a delay in elimination of this 
agent and therefore a persistence of a measurable concentration 
greater than 0.9 μM at 48 hours for more than 5 to 6 days. 
These observations have led to the threshold at risk of toxicity 
at 48h which is equal to 1 µM [68]. Other studies determined 
the concentrations of MTX which correspond to the threshold 
values associated with the risk of toxicity, in patients receiving 8g 
/ m2 and 12g / m2 by infusion of 4 h, were 10 μM at 24 h, 1µM at 
48h and 0.1µM at 72h [66,68,69]. In children receiving a dose of 
4.87 g / m2MTX in 4 hours for osteosarcoma, the concentrations 
measured at 24 hours showed an association between the risk 
of nephrotoxicity and serum creatinine and the concentrations 
measured at 24 hours after the end of the infusion. Indeed 
the higher concentrations at 3.5 μM had twice the risk of 
nephrotoxicity as well as increased hematotoxicity. Likewise, the 
Cmax at the end of the infusion (infusion of 6 hours) greater 
than 10−3M would be correlated with a probability higher tumor 
response and free survival time relapse (Masson, n.d.). In the 
case of a 24-hour prolonged infusion for acute LAL, studies 
have shown that patients with a concentration greater than 1µM 
and /or greater 0.5µM 48 hours after the start of the infusion, 
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exhibited toxicity [61,69,70]. This observed toxicity is possibly 
explained by drug interaction especially substances which cause 
the re-establishment of the binding of MTX to albumin such as 
non-steroidal anti-inflammatory drugs (NSAIDs) (especially 
ketoprofen), salicylates, antibiotics of the aminoglycoside class, 
pristinamycin and especially trimethoprim-sulfamethoxazole 
which must not be combined with MTX. TDM of MTX, with 
a consequence of the implementation of hyperhydration and 
folinic acid rescue measures, helps to limit the incidence and / 
or severity of toxic manifestations during MTX-HD treatment 
[61,71].

Level evidence of MTX-HD

	 The TDM MTX-HD is the subject of general consensus 
and is recommended for monitor toxicity in order to adapt 
corrective measures following expressed overexposure [61]. 
These measures are part of the management of patients receiving 
this agent. These for that the effectiveness has not been proven by 
prospective randomized studies which are currently becoming 
impossible as the application of these measures is universal.

Platinum Salts 

PSs activities

	 Platinium salts (PSs) (cisplatin, carboplatin, oxaliplatin) 
are one of the major cytotoxics chemotherapy for the management 
of ovarian, colorectal, and other solid tumors. Cisplatin was the 
first of the platinum drugs to be used. Carboplatin, an analog of 
cisplatin, has often been used in place of cisplatin because of a 
lower incidence of nephrotoxicity and neurotoxicity.

	 The cytotoxicity of platinum agents is exerted through 
different cellular mechanisms. Platinum salts primarily act 
by damaging cellular targets inducing direct or indirect DNA 
alterations, and cytoplasmic proteins modifications. PSs are 
capable of binding to DNA by attaching an alkyl group on 
a guanine base, at the nitrogen of the purine ring [72]. The 
formation of the DNA adduct (DNA-platinum complex) inhibits 
DNA repair, transcription and replication by blocking the 
progression of replicating enzymes along the molecule which 
induces appoptosis of cancer cells and a increased oxidative 
stress in cells [73]. These events lead to cell death by apoptosis or 
necrosis. Apoptosis is executed by a series of cysteine proteases, 
termed caspases. Caspase activation leads to mitochondrial 

dysfunction and DNA fragmentation. Cytotoxicity is thus 
dependent on the amount of platinum bound to DNA [74]. 

	 Platinum salts are long-standing compounds used in 
several cancer types, but each PSs has its own spectrum of activity 
and toxicity which is due to their chemical structural differences. 
This difference justifies the diversity of their clinical indication 
[75]. In addition, several side-effects dose-dependent toxicities 
were reported such myelosuppression, nausea and vomiting, 
nephropathy, neuropathy, ototoxicity, reduced fertility, persistent 
neuropathy, and secondary malignancies. As for most anticancer 
agents, these toxicities have often limited the use of optimally 
effective doses, so the importance of therapatic drug monotiring. 
However PSs are administered by short intravenous infusions 
every 3 weeks in a specific cycle. Therefore the concentration of 
these agents is determined only at the end of the administration, 
which rounds any dose adjustment for the current cycle very 
difficult. It is for this reason that TDM for platinum salts is not 
systematically practiced. Some authors having suggested that a 
single measurement of plasma platinum concentration could be 
enough for estimating area under curve (AUC) of free platinum. 

Cisplatin

Pharmacokinetic interindividual variability

	 Cisplatin is an anticancer agent widely used in testicular 
cancer, for which pharmacokinetic (PK)/pharmacodynamic 
relationships have usually been based upon measurement of 
its free plasmatic fraction. Because it has been shown that free 
Cisplatin clearance can be related to patient’s body surface 
area, dosage is mostly adjusted a priori using only this single 
parameter, with mixed results for accurately predicting cisplatin 
exposure and reducing toxicities. Because the impact of Cisplatin 
exposure levels on both toxicity and response is now well 
established, developing strategies to ensure controlled systemic 
drug exposure to reduce PK and pharmacodynamic (PD) 
interpatient variability, subsequent occurrence of toxicities, and 
to optimize clinical outcome in cancer patients, is an ongoing 
issue in clinical oncology [76]. The severe toxicity of cisplatin has 
been shown to was correlated with the administration schedules 
of this chemotherapy agent and also with the pharmacokinetics 
of total platinum. Cisplatin is contraindicated in patients with 
impaired renal function, to avoid further deterioration of 
renal function given its nephrotoxic effects [77]. However, the 
toxicity of cisplatin exhibits a large interindividual variability 
which depends on the administration schedules, the reference 
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protocol of which is to combine cisplatin with 5-fu and docetaxel 
or cetuximab. Several dosing strategies have been developed to 
yield the optimal Cisplatin exposure with minimal toxicity. One 
of the best administration schedules is the protracted infusion 
[78].

PK/toxicity relationship

	 This choice depends on the patient and the renal 
function. Several studies have shown a correlation between 
the PK / PD relationship and drug exposure to toxicity and / 
or efficacy parameters. These studies have well described the 
relationship between cisplatin PK and toxicity. The preferential 
marker of exposure is AUC of which their level depends on 
the administered dose of a drug and the elimination capacity 
(clearance). The pharmacokinetics of the platins is explored 
in plasma ultrafiltrates instead of total plasma concentrations. 
Several studies have shown that the nephrotoxicity observed 
following administration of cisplatin was correlated with 
ultafiltred plasma concentrations (Cmax) and the AUC (r2= 
0.83; p<0.0001) [79-81]. A correlation has been proven between 
Cmax of ultrafiltrable plasma, at the end of 80mg/m2 cisplatine 
perfusion, and significant decrease of creatinine clearance after 
four cycle of cisplatine (r2= 0.73 ; p < 0.005) [81]. In fact, the 
duration of infusion of the same dose of cisplatin is not a factor 
that can influence renal function differently [82]. The data in this 
direction are controversial since there are studies which show 
that the administration of this agent for a long duration (more 
than 72h) involves a risk of reduced nephrotoxicity also it allows 
the doing of intra-cycle TDM [83]. The 5-day cisplatin infusion 
allows dose adjustments on days 4 and 5 with varying degrees 
of precision (6% : precision between actual and target Cmax) 
to achieve a maximum target concentration of total cisplatin 
(Cmax) of 1.95 µg / ml [84] (Table 2). However, TDM in a 
standard protocol (an infusion of a dose of 80 to 100 over a short 
period of 1 hour to 3 hours) is based on the patient’s tolerance, 
regardless of whether they are adults or children [80]. Whereas, 
in the case of nephrectomy or dialysis, TDM is based on a dose 
reduction of 30 to 50% or dose-escalating approach to reach 
optimal dose [85]. 

	 This adjustment of the cisplatin dose is useful in 
anticipating its nephrotoxicity by measuring, by HPLC, 
the maximum concentration of free or total platinum. 
Despite promising published results, the data to agree firm 
recommendations for TDM are very limited (Table 2). In clinical 
practice, in order for TDM cisplatin to be recommended, one 

should measure the peak concentration (Cmax) at end of 
infusion and at long-term protocols and use Bayesian models for 
dose adjustment [79].

Carboplatin 

Individual dosing of carboplatin

	 This molecule is better stabilized in plasma compared 
to the cisplatin molecule thanks to its decarboxylate ligand. 
This difference between these two plates implies significant 
changes in the physicochemical properties and it leads to a 
significant pharmacokinetic variation and consequently to 
individualization of the doses [86]. Several strong elements can 
justify the TDM of carboplatin such as the great interindividual 
variability of carboplatin and the dose-dependent hematological 
toxicity its consists of thrombocytopenia when administered 
as monotherapy, and neutropenia associated with 
thrombocytopenia in combination with other cytotoxics [11].
 It is given intravenously as a short infusion (usually 30 minutes 
or 1 hour), most often as a combination chemotherapy. Individ-
ual adjustment of carboplatin dosage is commonly performed on 
the basis of renal function specifically on free clearance. The dose 
of carboplatin was individualized for each patient according to a 
pharmacological therapeutic monitoring strategy. 

	 Otherwise from the changes in renal function already 
mentioned, inter- and intra-individual variations are also linked 
to factors of the patient such age, sex, weight [87]. Individual dose 
adjustments are necessary in order to improve the therapeutic 
index of carboplatin alone or in association. They are based on 
the estimate of the patient’s renal function and / or the estimate 
of the AUC of the ultrafilterable plasma from a limited number 
of samples plasma. The intervariability is better correlated with 
AUC of the ultrafilterable carboplatin plasma than the dose, the 
relationship between AUC and antitumor activity [88].

PK/PD relationship of Carboplatin

	 The toxicity (myelosuppression) observed on carbo-
platin was correlated with the systemic exposure of carboplatin 
expressed by AUC which exceed 5 to 7 mg.min/ml. Indeed, the 
study by Jodrell et al., has shown this relationship between its 
AUC and the toxicity of carboplatin in 1028 patients with ad-
vanced ovarian cancer on monotherapy receiving 40 to 1000 mg 
/ m2 of this agent. This increase in dose as it induces a myelo-
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toxicity which continues to increase with AUC it also induces 
efficacy with an AUC of 5 to 7 mg.min/ml [89] (Table 2).

	 When administered with etoposide the effect of carbo-
platin on thrombocytopenia was multiplied by 1.45 times and it 
is 2.33 times with gentamicin, these toxicities are observed with 
an elevation of AUC of ultrafiltered carboplatin. Contrariwise 
the effect of carboplatin decreases by 0.76 times when combined 
with paclitaxel therefore it generates a protective effect [11,90]. 

	 Carboplatin is a remarkable example of a drug whose 
exposure/ efficacy relationships have been well-studied. The data 
obtained from these studies made it possible to define a target 
AUC interval, in adults and children, in order to optimize the 
efficacy and control the toxicity [91,92]. 

	 Several authors have sought a formula for calculating 
the dose of carboplatin to achieve optimal AUC. This formula was 
in the form : Dose = CLpredicted X AUCtarget (Calvert formula) 
[93]. Knowing that the main route of elimination of carboplatin 
is through the kidneys. Indeed, within 24 hours of the adminis-
tered dose, approximately 55 to 70% of the administered dose 
of carboplatin is excreted in the urine by glomerular filtration 
[1,94]. AUC of carboplatin and pharmacodynamics have been 
well documented [1,61,91-93]. For a standard protocol given, it 
is therefore necessary to define a target AUC and to provide the 
means to predict clearance [95]. In general, a target AUC is cho-
sen based on chemotherapy regimens. In intensification proto-
cols with high-dose, AUC of 24 mg.min/mL is set as target to be 
achieved over 3 days with a daily AUC of 8 mg.min/mL per day 
[90,96]. This AUC target is based on the hypothesis that carbo-
platin clairance was constant over the 3 days of the cycle. If major 
ototoxicity was not observed for subsequent cycles of treatment, 
the AUC of 24 mg.min / mL remained as AUC target, otherwise, 
the AUC target was reduced to 8 mg.min / mL. In clinical prac-
tice, an initiation with a reduced AUC target is made, then it will 
be increased depending on the patient’s tolerance. For the 3-day/
cycle carboplatin administration schedule, the dose adjustment 
is made on day 2 or on day 3, it is based on drug exposures and 
on the clearance values ​​already determined on day 1 and / or day 
2, in order to reach the AUC target [84]. These adjustments have 
been recommended for patients whose AUC exceeds 10% of the 
AUC target and were calculated based on the remaining AUC to 
be reached and actual carboplatin clearance determined on day 
1. These parameters (Clearance and AUC) of carboplatin were 
determined by a populati o n pharmacokinetic model allowing 

a reliable estimate. Clearances of carboplatin vary from adults, 
pediatrics and neonates pattern according to several covariates 
such as weight, age, the glomerular filtration rate. This letter is 
the creteria for predicting carboplatin clearance of each patient 
[1,97]. In subsequent cycles, the carboplatin treatment is guided 
by the data observed in the first cycle with TDM performed as 
appropriate. In the context of intensification protocols, carbopla-
tin TDM is potentially useful by measuring AUCs as a function 
of free platinum. AUC measurement and use of Bayesian dose 
adjustment models determ i ned and validated to demonstrate 
carboplatin TDM.Indeed, there is still no strong evidence of clin-
ical benefit of TDM, either in terms of efficacy or toxicity [79].

Oxaliplatin

	 Oxaliplatin is a drug that occupies the middle posi-
tionbetween cisplatin and carboplatin. Similarly to cisplatin, the 
main mechanism of action of oxaliplatin is mediated through 
the formation of DNA adducts who are capable of blocking both 
DNA replication and transcription, they are considered the ma-
jor cytotoxic lesions [98]. Oxaliplatin causes adverse reactions 
that narrow its therapeutic index. The target organs are mainly 
the hematopoietic system, the peripheral nerves (50% of patients 
at 135 mg/m2, 64% at 150 mg/m2, 71% at 175 mg/m2, and 100% 
at 200 mg/m2), and the gastrointestinal system.

	 On the basis of the criterion of an “intermediary” it has 
interindividual variability comprised between those of the other 
two compounds. The data in the literature are controversial in 
the case of dose adjustment. Some studies propose adaptation 
methods based on clearance and others which report that the 
dose of oxaloplatin does not depend on renal function and that 
the elimination of this agent is moderate knowing that its renal 
clearance corresponds to approximately 40 % of total clearance. 
In patients with moderate renal impairment dose adjustment is 
not necessary while with severe renal impairment recommen-
dations differt. The information FDA prescription recommends 
a reduction in the dose of oxaliplatin from 85 to 65 mg / m2 
in those patients with creatinine clearance <30 mL / min [99], 
(Table2), whereas this is contraindicated in the summaries Eu-
ropean Product Characteristics (SPC) [1]. In cancer patients un-
dergoing hemodialysis, this medicine is contraindicated because 
renal failure strongly modifies its pharmacokinetics [85]. How-
ever, when its indication is mandatory, a reduced dose (from 30 
to 50%) or an increasing dose should be administered initially 
but after hemodialysis in order to treat these cancer patients ef-
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fectively with monitoring [100], with oxaliplatin by simultane-
ously monitoring total and / or free Pt PK concentrations [101].

Etoposide

Indication

	 Etoposide is a chemotherapy treatment, which acts by 
the inhibition of topoisomerase II (nuclear enzyme) which in-
duces the blocage of total cell cycle in the G2 phase. This drug is 
widely used in the treatment of a variety of solid neoplasm’s, such 
as lung and testicular cancer. It is prescribed in monotherapy or 
in combination with other anticancer drugs, especially cisplatin 
[101]. Moreover, it is indicated as conditioning chemotherapy 
before hematopoietic stem cell transplantation in adult and pe-
diatric patients, administered at high doses. In adults, the recom-
mended dose of etoposide is 50 to 100 mg / m2 / day on days 1 to 
5 or 100 to 120 mg / m2 on days 1, 3 and 5 every 3 to 4 weeks, in 
combination other drugs indicated in the disease to be treated. 
In the pediatric population, the recommended dose varies from 
75 to 150mg/m2/day for 2 to 5 days [103].

Pharmacokinetic activity

	 Several studies have shown significant interindividu-
al variability of etoposide clinical response [95] Indeed, It has 
demonstrated that a plasma concentration value (Cmin) at 
steady state (CSS) above 1µg/ml is associated with optimal effi-
cacy response, i.eantitumor activity (efficacy) in both lung and 
testicular cancer. In another hand, a positive correlation between 
high drug exposure; i,e, Cmin, and toxic side effects; i.e, hemato-
logical toxicity, infection, fever, has been previously document-
ed. Indeed, Ratain et al and Miller et al have shown that Cmin 
values above 2 µg/ml and 3 μg/ml, respectively, are associated to 
the occurrence of etoposide toxic side effects (Cmin > 0.3 mg/L 
is associated with grade3 and 4 neutropenias) [104-106]. Thus, in 
order to ensure the efficacy and prevent toxicity, previous stud-
ies focused on etoposide-TDM proposed a concentration target 
range between 1µg/ml and 3μg / ml. Moreover, some studies 
found a significant correlation between AUC of etoposide and 
overall patient survival [107]. The 30 min infusion of a 120 mg / 
m2 dose of etoposide over 3 days in combination with the plati-
num derivatives gave a significant correlation between the clear-
ance of etoposide (≤ 2.22 L / h) and l ‘AUC (> 254.8 mg.h /L) 
with longer overall survival. The etoposide dose adjustment is 
based on the condition of patients. It is recommended in situa-
tions where the risk increase in the free fraction is significant be-

cause the pharmaco logical effects of etoposideare better related 
to exposure to the free fraction than to total exposure [108]. For 
exemple, in severe renal impair mentor liver failure. A reduction 
dose of around 30% could correct increasing AUC to achieve 
a similar level of exposure to patients with normal renal func-
tion. Whereas, if the oral administration of a 100mg / day dose 
for 14 days and 21 daysevery 4 weeks, the TDM is based on the 
determination of the trough concentration after 24 h of admin-
istration. Studies have shown a significant association between 
the value of C min (≥1.49 mg / L) and the lowest level of gran-
ulocytes and platelets [109]. The measurement of these concen-
trations was based on HPLC methods with UV or fluorescence 
detection [110]. It was based on measuring the concentration 
at steady state allows the dosage to be adjusted for the current 
cycle, but also for the following cycles, because the variability 
intra-individual is low [111]. The concentration-effect (efficacy 
or toxicity) relationships of etoposide depend on the adminis-
tration schedule regardless of oral administration for 21 days or 
by infusion over a few days. These relationships are well docu-
mented. Limited studies have shown the relationship between 
the effectiveness of treatment, intravenously, and the duration of 
treatment. 

	 These studies compared the effectiveness of two ad-
ministration schedules, in patients with small cell lung cancer, 
by an IV infusion over 24 hours as a single dose versus an IV 
infusion over 2 hours over 5 consecutive days (usual schedule). 
They showed that the duration of exposure to etoposide concen-
tration> 1 mg / L was associated with anti-tumor activity [112].
During TDM, clinicians begin their orally treatment regimen 
with an initial dose of 75 mg (one 25 mg capsule / 3 times daily) 
to achieve the target concentration range of 1.0 to. 1.5 µg / ml. 
From the 5th day the dose was modified by lowering the dose 
to 50 mg per day (25mg / 2 times) or by increasing this dose up 
to 100mg per day, depending on the mean of the trough con-
centrations obtained on day 3 and 4. These concentrations was-
calculated by use of a limited sampling model that makes TDM 
applicable to oral etoposide [113].

	 In this context, dose adjustment has beenevaluated by 
population pharmacokinetic models, that allow dose adjustment 
duringcontinuous infusions as a function of haematological tox-
icity, particularly neutropenia. The advantages of these models 
are to reduce pharmacokinetic variability and increase the dose 
intensity compared to the fixed dose regimen [103].
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	 In summary, studies have shown a correlation between 
exposure and toxicity, especially haematological toxicity, but 
data regarding the correlation between exposure and efficacy are 
less complete and limited. The use of controlled concentrations 
and dose adjustment help reduce inter-individual variability and 
haematological toxicity. The level of evidence for oral etoposide 
TDM is “potentially useful” as further reduction in variability. 
Non-randomized studies have shown only an improvement of 
efficacy variabilityand not in terms of security (toxicity). All 
these arguments available in the literature indicate that etoposide 
TDM is recommended.

Conclusion 

	 In this review, we have discussed the interest of TDM 
of certain anticancer drugs by studying the relationships and 
relationships between exposure (AUC) and response (especial-
ly toxicity) and clinical experiences with TDM of these agents. 
Analysis of data from large randomized clinical trials, which 
evaluate the use of TDM, showed levels of evidence for these 
drugs. Unfortunately, the routine application of TDM of this 
therapeutic class is very limited although these anticancer drugs 
are characterized by interindividual variability and a stellar ther-
apeutic index. The limited use of this strategy can be explained 
on the one hand by the lack of population pharmacokinetic data 
of these anticancer agents and also the lack of target concentra-
tion. On the other hand, the analytical difficulties encountered, 
such as the difficulties of measuring active metabolites, and the 
cyclic administration regimens whose adaptation is no longer 
possible for the current cycle but for the next cycle. Generally 
the dosage adjustment of these anticancer drugs is carried out 
on the basis of the observation of toxicity. in the future, efforts 
should be made on the TDM of anticancer drugs to optimize 
the dosing protocol by increasing the therapeutic utility of onco-
logic therapies and achieve to deliver the right anticancer in the 
right dosage to the right patient in the adjustment of routine. In 
fact, it is wrong to better determine the kinetics of these agents 
and place the exposure-effect relationships through the develop-
ment of new TDM tools and the performance of dominated trials 
which are interested in the evaluation of clinical benefit.

Conflict of Interest Statement

	 The authors declare that they have no competing inter-
ests.

Declaration of Interest 

	 The authors declare that they have no known compet-
ing financial interests or personal relationships that could have 
appeared to influence the work reported in this paper.	



J Pharmacol Drug Metab 2022 | Vol 5: 102  JScholar Publishers                  

 
15

References

1.	 Maillard M, Le Louedec F, Thomas F, Chatelut E (2020) 
Diversity of dose-individualization and therapeutic drug moni-
toring practices of platinum compounds: a review. Expert Opin 
Drug Metab Toxicol 16: 907-925

2.	 Miura M (2015) Therapeutic drug monitoring of ima-
tinib nilotinib and dasatinib for patients with chronic myeloid 
leukemia. Biol Pharm Bull: 38 645-654.

3.	 Veal GJ, Coulthard SA, Boddy AV (2003) Chemothera-
py Individualization Invest. New Drugs 21: 149-156. 

4.	 Widmer N, Bardin C, Chatelut E, Paci A, Beijnen J, et 
al. (2014) Review of therapeutic drug monitoring of anticancer 
drugs part two--targeted therapies. Eur J Cancer Oxf Engl 1990 
50: 2020-2036 

5.	 Kang JS, Lee MH (2009) Overview of Therapeutic Drug 
Monitoring. Korean J Intern Med 24: 1-10 

6.	 Touw DJ, Neef C, Thomson AH, Vinks AA (2005) 
Cost-Effectiveness of Therapeutic Drug Monitoring Committee 
of the International Association for Therapeutic Drug Monitor-
ing and Clinical Toxicology (2005) Cost-effectiveness of thera-
peutic drug monitoring: a systematic review. Ther Drug Monit 
27: 10-17. 

7.	 Bach DM, Straseski JA, Clarke W (2010) Therapeutic 
drug monitoring in cancer chemotherapy. Bioanalysis 2: 863-
879. 

8.	 Decosterd LA, Widmer N, Zaman K, Cardoso E, Buclin 
T, Csajka C (2015) Therapeutic drug monitoring of targeted an-
ticancer therapy. Biomark Med 9: 887-893.

9.	 Levêque D, Becker G (2019) The role of therapeu-
tic drug monitoring in the management of safety of anticancer 
agents: a focus on 3 cytotoxics. Expert Opin Drug Saf 18: 1009-
1015.

10.	 Paci A, Veal G, Bardin C, Levêque D, Widmer N, et 
al. (2014) Review of therapeutic drug monitoring of anticancer 
drugs part 1—cytotoxics. Eur J Cancer Oxf Engl 1990 50 2010-
2019.

11.	 Schmitt A, Gladieff L, Laffont CM, Evrard A, Boyer JC, 
et al. (2010) Factors for hematopoietic toxicity of carboplatin: 
refining the targeting of carboplatin systemic exposure. J Clin 
Oncol Off J Am Soc Clin Oncol 28: 4568-4574.

12.	 Druker BJ, Sawyers CL, Kantarjian H, Resta DJ, Reese 
SF, et al. (2001) Activity of a specific inhibitor of the BCR-ABL 
tyrosine kinase in the blast crisis of chronic myeloid leukemia 
and acute lymphoblastic leukemia with the Philadelphia chro-
mosome. N Engl J Med 344: 1038-1042.

13.	 O’Brien SG, Guilhot F, Larson RA, Gathmann I, Bac-
carani M, et al. (2003) Imatinib compared with interferon and 
low-dose cytarabine for newly diagnosed chronic-phase chronic 
myeloid leukemia. N Engl J Med 348: 994-1004.

14.	 Suttorp M, Bornhäuser M, Metzler M, Millot F, Schley-
er E (2018) Pharmacology and pharmacokinetics of imatinib in 
pediatric patients. Expert Rev Clin Pharmacol 11: 219-231.

15.	 Iacuzzi V, Posocco B, Zanchetta M, Montico M, Maran-
gon E, et al. (2019) Development and validation of LC-MS/MS 
method for imatinib and norimatinib monitoring by finger-prick 
DBS in gastrointestinal stromal tumor patients. PLoS One 14: 
e0225225.

16.	 Titier K, Picard S, Ducint D, Teilhet E, Moore N, et al. 
(2005) Quantification of imatinib in human plasma by high-per-
formance liquid chromatography-tandem mass spectrometry. 
Ther Drug Monit 27: 634-640. 

17.	 Larson RA, Druker BJ, Guilhot F, O’Brien SG, Riviere 
GJ, et al. (2008) Imatinib pharmacokinetics and its correlation 
with response and safety in chronic-phase chronic myeloid leu-
kemia: a subanalysis of the IRIS study. Blood 111: 4022-4028.

18.	 Picard S, Titier K, Etienne G, Teilhet E, Ducint D, et al. 
(2007) Trough imatinib plasma levels are associated with both 
cytogenetic and molecular responses to standard-dose imatinib 
in chronic myeloid leukemia. Blood 109: 3496-3499.

19.	 Cohen MH, Williams G, Johnson JR, Duan J, Gobburu 
J, et al. (2002) Approval summary for imatinib mesylate capsules 
in the treatment of chronic myelogenous leukemia. Clin Cancer 
Res Off J Am Assoc Cancer Res 8: 935-942

20.	 Peng B, Hayes M, Resta D, Racine-Poon A, Druker BJ, 



J Pharmacol Drug Metab 2022 | Vol 5: 102  JScholar Publishers                  

 
16

et al. (2004) Pharmacokinetics and pharmacodynamics of ima-
tinib in a phase I trial with chronic myeloid leukemia patients. J 
Clin Oncol Off J Am Soc Clin Oncol 22: 935-942.

21.	 Arora B, Gota V, Menon H, Sengar M, Nair R, et al. 
(2013) Therapeutic drug monitoring for imatinib: Current status 
and Indian experience. Indian J Med Paediatr Oncol Off J Indian 
Soc Med Paediatr Oncol 34: 224-8.

22.	 Buclin T, Thoma Y, Widmer N, André P, Guidi M, et al. 
(2020) The Steps to Therapeutic Drug Monitoring: A Structured 
Approach Illustrated with Imatinib Front. Pharmacol 11.

23.	 Baccarani M, Deininger MW, Rosti G, Hochhaus A, 
Soverini S, et al. (2013) European LeukemiaNet recommenda-
tions for the management of chronic myeloid leukemia. Blood 
122: 872-884 

24.	 Ishikawa Y, Kiyoi H, Watanabe K, Miyamura K, Nakano 
Y, et al. (2010) Trough plasma concentration of imatinib reflects 
BCR–ABL kinase inhibitory activity and clinical response in 
chronic-phase chronic myeloid leukemia: A report from the 
BINGO study. Cancer Sci 101: 2186-2192.

25.	 Awidi A, Ayed AO, Bsoul N, Magablah A, Mefleh R, et 
al. (2010) Relationship of serum imatinib trough level and re-
sponse in CML patients: long term follow-up. Leuk Res 34: 1573-
1575.

26.	 Demetri GD, Wang Y, Wehrle E, Racine A, Nikolova Z, 
et al (2009) Imatinib plasma levels are correlated with clinical 
benefit in patients with unresectable/metastatic gastrointestinal 
stromal tumors. J Clin Oncol Off J Am Soc Clin Oncol 27: 3141-
3147. 

27.	 Singh N, Kumar L, Meena R, Velpandian T (2009) Drug 
monitoring of imatinib levels in patients undergoing therapy for 
chronic myeloid leukaemia: comparing plasma levels of respond-
ers and non-responders. Eur J Clin Pharmacol 65: 545-549.

28.	 Bouchet S, Poulette S, Titier K, Moore N, Lassalle R, et 
al. (2016) Relationship between imatinib trough concentration 
and outcomes in the treatment of advanced gastrointestinal stro-
mal tumours in a real-life setting. Eur J Cancer 57: 31-38.

29.	 Delbaldo C, Chatelut E, Ré M, Deroussent A, Se-
ronie-Vivien S, et al. (2006) Pharmacokinetic-pharmacodynam-

ic relationships of imatinib and its main metabolite in patients 
with advanced gastrointestinal stromal tumors. Clin Cancer Res 
Off J Am Assoc Cancer Res 12: 6073-6078.

30.	 Widmer N, Decosterd LA, Leyvraz S, Duchosal MA, 
Rosselet A, et al. (2008) Relationship of imatinib-free plasma lev-
els and target genotype with efficacy and tolerability. Br J Cancer 
98: 1633-1640. 

31.	 Guilhot F, Hughes TP, Cortes J, Druker BJ, Baccarani M, 
et al. (2012) Plasma exposure of imatinib and its correlation with 
clinical response in the Tyrosine Kinase Inhibitor Optimization 
and Selectivity Trial. Haematologica 97: 731-738.

32.	 Meyerhardt JA, Mayer RJ (2005) Systemic therapy for 
colorectal cancer. N Engl J Med 352: 476-487. 

33.	 Goldberg RM (2007) Which Strategies Will Lead to 
Progress in the Management of Colorectal Cancer? Gastrointest 
Cancer Res GCR 1: S33-S36.

34.	 Maeda K, Shibutani M, Otani H, Fukuoka T, Iseki Y, 
et al. (2018) Neoadjuvant Radiotherapy with Capecitabine Plus 
Bevacizumab for Locally Advanced Lower Rectal Cancer: Re-
sults of a Single-institute Phase II Study. Anticancer Res 38: 
4193-4197

35.	 Bernier A, Simard M, et al. (2007) Le traitement du can-
cer colorectal métastatique-Partie

36.	 Saif MW, Choma A, Salamone SJ, Chu E (2009) Phar-
macokinetically guided dose adjustment of 5-fluorouracil: a ra-
tional approach to improving therapeutic outcomes. J Natl Can-
cer Inst 101: 1543-1552. 

37.	 Gamelin E, Boisdron-Celle M, Guérin-Meyer V, Delva 
R, Lortholary A, et al. (1999) Correlation between uracil and di-
hydrouracil plasma ratio fluorouracil (5-FU) pharmacokinetic 
parameters and tolerance in patients with advanced colorectal 
cancer: A potential interest for predicting 5-FU toxicity and de-
termining optimal 5-FU dosage. J Clin Oncol Off J Am Soc Clin 
Oncol 17: 1105.

38.	 Hashimoto Y, Yoshida Y, Yamada T, Aisu N, Yoshimatsu 
G, et al. (2020) Current Status of Therapeutic Drug Monitoring 
of 5-Fluorouracil Prodrugs. Anticancer Res 40: 4655-4661. 



J Pharmacol Drug Metab 2022 | Vol 5: 102  JScholar Publishers                  

 
17

39.	 Saam J, Critchfield GC, Hamilton SA, Roa BB, Wen-
strup RJ, Kaldate RR (2011) Body surface area-based dosing of 
5-fluoruracil results in extensive interindividual variability in 
5-fluorouracil exposure in colorectal cancer patients on FOLF-
OX regimens. Clin Colorectal Cancer 10: 203-206. 

40.	 McDermott BJ, van den Berg HW, Murphy RF (1982) 
Nonlinear pharmacokinetics for the elimination of 5-fluoroura-
cil after intravenous administration in cancer patients. Cancer 
Chemother Pharmacol 9: 173-178.

41.	 Seitz JF, Cano JP, Rigault JP, Aubert C, Carcassonne Y 
(1983) Chemotherapy of extensive digestive cancers with 5-fluo-
rouracil: relation between the clinical response and plasma clear-
ance of the drug. Gastroenterol Clin Biol 7: 374-380.

42.	 Gusella M, Crepaldi G, Barile C, Bononi A, Menon 
D, et al. (2006) Pharmacokinetic and demographic markers of 
5-fluorouracil toxicity in 181 patients on adjuvant therapy for 
colorectal cancer. Ann Oncol Off J Eur Soc Med Oncol 17: 1656-
1660.

43.	 Grem JL, Quinn M, Ismail A, Takimoto CH, Lush R, 
et al. (2001) Pharmacokinetics and pharmacodynamic effects of 
5-fluorouracil given as a one-hour intravenous infusion. Cancer 
Chemother Pharmacol 47: 117-125.

44.	 Ismail ASA, Quinn MG, Wright MA, Ernst A, Kao V, 
et al. (2005) A phase II and pharmacologic study of fluorouracil 
given by a 1-hour infusion daily for 5 days with leucovorin and 
interferon alpha-2a in adenocarcinoma of the large bowel. Oncol 
Rep 13: 1145-1152.

45.	 Blaschke M, Cameron S, Goeschen C, Ramadori G 
(2013) 5-FU schedules serum 5-FU levels and their relationship 
to therapy response and toxicity in patients with gastrointestinal 
cancer. Int J Clin Pharmacol Ther 51: 56-58 

46.	 Loriot MA, Ciccolini J, Thomas F, Barin-Le-Guellec C, 
Royer B, et al. (2018) Dépistage du déficit en dihydropyrimidine 
déshydrogénase (DPD) et sécurisation des chimiothérapies à 
base de fluoropyrimidines: mise au point et recommandations 
nationales du GPCO-Unicancer et du RNPGx. Bull Cancer (Par-
is) 105: 397-407. 

47.	 Van Kuilenburg ABP (2004) Dihydropyrimidine dehy-
drogenase and the efficacy and toxicity of 5-fluorouracil. Eur J 

Cancer Oxf Engl 40: 939-950.

48.	 Lee JJ, Beumer JH, Chu E (2016) Therapeutic Drug 
Monitoring of 5-Fluorouracil. Cancer Chemother Pharmacol 78: 
447-464. 

49.	 Etienne MC, Lagrange JL, Dassonville O, Fleming R, 
Thyss A, et al. (1994) Population study of dihydropyrimidine de-
hydrogenase in cancer patients. J Clin Oncol Off J Am Soc Clin 
Oncol 12: 224-2253.

50.	 Masson E. nd Suivi thérapeutique pharmacologique du 
5-fluoro-uracile (5-FU) [WWW Document] EM-Consulte URL 
https://wwwem-consultecom/article/61343/suivi-therapeu-
tique-pharmacologique-du-5-fluoro-ur (accessed 22521a)

51.	 Boisdron-Celle M, Remaud G, Traore S, Poirier AL, 
Gamelin L, et al. (2007) 5-Fluorouracil-related severe toxicity: 
a comparison of different methods for the pretherapeutic de-
tection of dihydropyrimidine dehydrogenase deficiency. Cancer 
Lett 249: 271-282. 

52.	 Fety R, Rolland F, Barberi-Heyob M, Hardouin A, 
Campion L, et al. (1998) Clinical impact of pharmacokinetical-
ly-guided dose adaptation of 5-fluorouracil: results from a mul-
ticentric randomized trial in patients with locally advanced head 
and neck carcinomas. Clin Cancer Res Off J Am Assoc Cancer 
Res 4: 2039-2045.

53.	 Ma Y, Lin Y, Zou B, Liu W, Zhang Y, Zhao L, et al. (2016) 
Pharmacokinetic and Pharmacodynamic Analyses of 5-Fluoro-
uracil in East-Asian Patients with Nasopharyngeal Carcinoma. 
Clin Pharmacokinet 55: 1205-1216.

54.	 Santini J, Milano G, Thyss A, Renee N, Viens P, et al. 
(1989) 5-FU therapeutic monitoring with dose adjustment leads 
to an improved therapeutic index in head and neck cancer. Br J 
Cancer 59: 287-290. 

55.	 Beumer JH, Chu E, Allegra C, Tanigawara Y, Milano G, 
et al. (2019) Therapeutic Drug Monitoring in Oncology: Interna-
tional Association of Therapeutic Drug Monitoring and Clinical 
Toxicology Recommendations for 5-Fluorouracil Therapy. Clin 
Pharmacol Ther 105: 598-613. 

56.	 Gamelin EC, Danquechin-Dorval EM, Dumesnil YF, 



J Pharmacol Drug Metab 2022 | Vol 5: 102  JScholar Publishers                  

 
18

Maillart PJ, Goudier MJ, et al. (1996) Relationship between 
5-fluorouracil (5-FU) dose intensity and therapeutic response 
in patients with advanced colorectal cancer receiving infusional 
therapy containing 5-FU.

57.	 Goirand F, Lemaitre F, Launay M, Tron C, Chatelut E, 
et al. (2018) How can we best monitor 5-FU administration to 
maximize benefit to risk ratio? Expert Opin Drug Metab Toxicol 
14: 1303-1313. 

58.	 Gamelin E, Delva R, Jacob J, Merrouche Y, Raoul JL, 
et al (2008) Individual fluorouracil dose adjustment based on 
pharmacokinetic follow-up compared with conventional dosage: 
results of a multicenter randomized trial of patients with meta-
static colorectal cancer. J Clin Oncol Off J Am Soc Clin Oncol 26: 
2099-2105.

59.	 Minard-Colin V, Brugières L, Reiter A, Cairo MS, Gross 
TG, et al. (2015) Non-Hodgkin Lymphoma in Children and Ad-
olescents: Progress Through Effective Collaboration Current 
Knowledge and Challenges Ahead. J Clin Oncol Off J Am Soc 
Clin Oncol 33: 2963-2974. 

60.	 Tian H, Cronstein BN (2007) Understanding the mech-
anisms of action of methotrexate: implications for the treatment 
of rheumatoid arthritis Bull NYU. Hosp Jt Dis 65: 168-173.

61.	 Guellec CL Blasco H Benz I Hulin A (2010) Niveau de 
preuve du suivi thérapeutique pharmacologique du méthotrex-
ate au décours de son administration à haute-dose Thérapie 65: 
163-169. 

62.	 Coiffier B, Gisselbrecht C, Herbrecht R, Tilly H, Bosly 
A, et al. (1989) LNH-84 regimen: a multicenter study of inten-
sive chemotherapy in 737 patients with aggressive malignant 
lymphoma. J Clin Oncol Off J Am Soc Clin Oncol 7: 1018-1026.

63.	 Burkitt D, O’Conor GT (1961) Malignant lymphoma in 
African children I A clinical syndrome. Cancer 14: 258-269.

64.	 Van Haandel L, Becker ML, Leeder JS, Williams TD, 
Stobaugh JF (2009) A novel high-performance liquid chroma-
tography/mass spectrometry method for improved selective and 
sensitive measurement of methotrexate polyglutamation status 
in human red blood cells. Rapid Commun Mass Spectrom RCM 
23: 3693-3702 

65.	 Hulin A, Chatelut E, Royer B, Guellec CL (2010)a 
Niveau de preuve du suivi thérapeutique pharmacologique du 
carboplatine. Thérapie 65: 157-162. 

66.	 Pignon T, Lacarelle B, Duffaud F, Guillet P, Catalin J, et 
al. (1995) Dosage adjustment of high-dose methotrexate using 
Bayesian estimation: a comparative study of two different con-
centrations at the end of 8-h infusions. Ther Drug Monit 17: 471-
478. 

67.	 Wall AM, Gajjar A, Link A, Mahmoud H, Pui CH, Rel-
ling MV (2000) Individualized methotrexate dosing in children 
with relapsed acute lymphoblastic leukemia. Leukemia 14: 221-
225. 

68.	 Stoller RG, Hande KR, Jacobs SA, Rosenberg SA, Chab-
ner BA (1977) Use of plasma pharmacokinetics to predict and 
prevent methotrexate toxicity. N Engl J Med 297: 630-634. 

69.	 Nirenberg A, Mosende C, Mehta BM, Gisolfi AL, Rosen 
G (1977) High-dose methotrexate with citrovorum factor rescue: 
predictive value of serum methotrexate concentrations and cor-
rective measures to avert toxicity. Cancer Treat Rep 61: 779-783.

70.	 Wolfrom C, Hepp R, Hartmann R, Breithaupt H, Hen-
ze G (1990) Pharmacokinetic study of methotrexate folinic acid 
and their serum metabolites in children treated with high-dose 
methotrexate and leucovorin rescue. Eur J Clin Pharmacol 39: 
377-383. 

71.	 Reutenauer S, Chauveau D, Récher C (2009) Surdosage 
au méthotrexate : complications prise en charge et prevention. 
Réanimation 18: 654-658. 

72.	 Riddell IA (2018) Cisplatin and Oxaliplatin: Our Cur-
rent Understanding of Their Actions Met Ions. Life Sci 18. 

73.	 Rébé C, Demontoux L, Pilot T, Ghiringhelli F (2019) 
Platinum Derivatives Effects on Anticancer Immune Response 
Biomolecules 10.

74.	 Cepeda V, Fuertes MA, Castilla J, Alonso C, Quevedo 
C, Pérez JM (2007) Biochemical mechanisms of cisplatin cyto-
toxicity Anticancer Agents Med Chem 7: 3-18. 

75.	 Kelland L (2007) The resurgence of platinum-based 



J Pharmacol Drug Metab 2022 | Vol 5: 102  JScholar Publishers                  

 
19

cancer chemotherapy. Nat Rev Cancer 7: 573-584. 

76.	 Urien S, Brain E, Bugat R, Pivot X, Lochon I, Van MLV, 
et al. (2005) Pharmacokinetics of platinum after oral or intra-
venous cisplatin: a phase 1 study in 32 adult patients. Cancer 
Chemother Pharmacol 55: 55-60. 

77.	 Crona DJ, Faso A, Nishijima TF, McGraw KA, Galsky 
MD, Milowsky MI (2017) A Systematic Review of Strategies to 
Prevent Cisplatin-Induced Nephrotoxicity. The Oncologist 22: 
609-619. 

78.	 Specenier P Vermorken JB (2018) Optimizing treat-
ments for recurrent or metastatic head and neck squamous cell 
carcinoma Expert Rev Anticancer Ther 18: 901-915. 

79.	 Hulin A, Chatelut E, Royer B, Le Guellec C pour le 
groupe Suivi Thérapeutique Pharmacologique de la Société 
Française de Pharmacologie et de Thérapeutique (2010)b Thera-
pie 65: 157-162.

80.	 Ikeda K, Terashima M, Kawamura H, Takiyama I, Koe-
da K, et al. (1998) Pharmacokinetics of cisplatin in combined cis-
platin and 5-fluorouracil therapy: a comparative study of three 
different schedules of cisplatin administration. Jpn J Clin Oncol 
28: 168-175. 

81.	 Nagai N, Kinoshita M, Ogata H, Tsujino D, Wada Y, et 
al. (1996) Relationship between pharmacokinetics of unchanged 
cisplatin and nephrotoxicity after intravenous infusions of cis-
platin to cancer patients. Cancer Chemother Pharmacol 39: 131-
137. 

82.	 Mense ES, Smit AAJ, Crul M, Franssen EJF (2019) The 
effect of rapid infusion of cisplatin on nephrotoxicity in patients 
with lung carcinoma. J Clin Pharm Ther 44: 249-257.

83.	 Erdlenbruch B, Nier M, Kern W, Hiddemann W, Pekrun 
A, et al. (2001) Pharmacokinetics of cisplatin and relation to 
nephrotoxicity in paediatric patients. Eur J Clin Pharmacol 57: 
393-402. 

84.	 Salas S, Mercier C, Ciccolini J, Pourroy B, Fanciullino 
R, et al. (2006) Therapeutic drug monitoring for dose individual-
ization of Cisplatin in testicular cancer patients based upon total 
platinum measurement in plasma. Ther Drug Monit 28: 532-539.

85.	 Lichtman SM, Wildiers H, Launay-Vacher V, Steer C, 
Chatelut E, et al. (2007) International Society of Geriatric Oncol-
ogy (SIOG) recommendations for the adjustment of dosing in 
elderly cancer patients with renal insufficiency. Eur J Cancer Oxf 
Engl 43: 14-34 

86.	 Takahara PM, Rosenzweig AC, Frederick CA, Lippard 
SJ (1995) Crystal structure of double-stranded DNA containing 
the major adduct of the anticancer drug cisplatin. Nature 377: 
649-652.

87.	 Chatelut E, Rostaing L, Gualano V, Vissac T, De Forni 
M, et al. (1994) Pharmacokinetics of carboplatin in a patient suf-
fering from advanced ovarian carcinoma with hemodialysis-de-
pendent renal insufficiency. Nephron 66: 157-161. 

88.	 Chevreau C, Thomas F, Couteau C, Dalenc F, Mourey L, 
et al (2005) Ototoxicity of High-Dose Carboplatin. J Clin Oncol 
23: 3649-3650.

89.	 Jodrell DI, Egorin MJ, Canetta RM, Langenberg P, 
Goldbloom EP, et al. (1992) Relationships between carboplatin 
exposure and tumor response and toxicity in patients with ovar-
ian cancer. J Clin Oncol Off J Am Soc Clin Oncol 10: 520-528.

90.	 Kondagunta GV, Bacik J, Sheinfeld J, Bajorin D, Bains 
M, et al. (2007) Paclitaxel plus Ifosfamide followed by high-dose 
carboplatin plus etoposide in previously treated germ cell tu-
mors. J Clin Oncol Off J Am Soc Clin Oncol 25: 85-90. 

91.	 Guddati AK, Joy PS, Marak CP (2014) Dose adjustment 
of carboplatin in patients on hemodialysis. Med Oncol 31: 848. 

92.	 Rubie H, Doz F, Vassal G, Chastagner P, Gentet JC, et al. 
(2003) Individual dosing of carboplatin based on drug monitor-
ing in children receiving high-dose chemotherapy Eur J Cancer 
Oxf Engl 39:1433-1438. 

93.	 Calvert AH, Newell DR, Gumbrell LA, O’Reilly S, Bur-
nell M, et al. (1989) Carboplatin dosage: prospective evaluation 
of a simple formula based on renal function. J Clin Oncol Off J 
Am Soc Clin Oncol 7: 1748-1756. 

94.	 Egorin MJ, Van Echo DA, Tipping SJ, Olman EA, 
Whitacre MY, et al. (1984) Pharmacokinetics and dosage reduc-
tion of cis-diammine (11-cyclobutanedicarboxylato) platinum 



J Pharmacol Drug Metab 2022 | Vol 5: 102  JScholar Publishers                  

 
20

in patients with impaired renal function. Cancer Res 44: 5432-
5438.

95.	 Moeung S, Chevreau C, Broutin S, Guitton J, Lelièvre 
B, et al. (2017) Therapeutic Drug Monitoring of Carboplatin in 
High-Dose Protocol (TI-CE) for Advanced Germ Cell Tumors: 
Pharmacokinetic Results of a Phase II Multicenter Study. Clin 
Cancer Res Off J Am Assoc Cancer Res 23: 7171-7179. 

96.	 Thomas F, Séronie-Vivien S, Gladieff L, Dalenc F, 
Durrand V, et al. (2005) Cystatin C as a new covariate to predict 
renal elimination of drugs: application to carboplatin. Clin Phar-
macokinet 44: 1305-1316.

97.	 Bénézet S, Guimbaud R, Chatelut E, Chevreau C, Bugat 
R, Canal P (1997) How to predict carboplatin clearance from 
standard morphological and biological characteristics in obese 
patients. Ann Oncol Off J Eur Soc Med Oncol 8: 607-609. 
98.	 Raymond E, Chaney SG, Taamma A, Cvitković E (1998) 
Oxaliplatin: A review of preclinical and clinical studies. Ann On-
col Off J Eur Soc Med Oncol ESMO 9: 1053-1071 

99.	 Eloxatin - FDA prescribing information side effects and 
uses [WWW Document] nd URL https://wwwdrugscom/pro/
eloxatinhtml (accessed 3121)

100.	 Gori S, Lunardi G, Inno A, Magarotto R, Duranti S, et 
al. (2014) Pharmacokinetics of oxaliplatin in a hemodialyzed pa-
tient: chemotherapy dose adjustment and timing of dialysis Clin 
Colorectal Cancer 13: 260-263.

101.	 Wang D, Li X, Xu L, Fang W, Cai X, et al. (2019) 
Dose-escalation of oxaliplatin in hemodialysis patient treated 
with FOLFOX therapy Medicine (Baltimore) 98. 

102.	 Clark PI, Slevin ML, Joel SP, Osborne RJ, Talbot DI, 
et al. (1994) A randomized trial of two etoposide schedules in 
small-cell lung cancer: the influence of pharmacokinetics on ef-
ficacy and toxicity. J Clin Oncol Off J Am Soc Clin Oncol 12: 
1427-1435.

103.	 Etoposide 20 mg/ml Concentrate for Solution for In-
fusion - Summary of Product Characteristics (SmPC) - (emc) 
[WWW Document] nd URL https://wwwmedicinesorguk/emc/
product/3385/smpc#gref (accessed 3121)

104.	 Gerritsen-van Schieveen P, Royer B, Therapeutic Drug 
Monitoring Group of the French Society of Pharmacology and 
Therapeutics (2011) Level of evidence for therapeutic drug mon-
itoring for etoposide after oral administration. Fundam Clin 
Pharmacol 25: 277-282.

105.	  Miller AA, Tolley EA, Niell HB (1998) Therapeutic 
drug monitoring of 21-day oral etoposide in patients with ad-
vanced non-small cell lung cancer. Clin Cancer Res 4: 1705-1710.

106.	 Ratain MJ, Schilsky RL, Choi KE, Guarnieri C, Grim-
mer D, et al. (1989) Adaptive control of etoposide administra-
tion: impact of interpatient pharmacodynamic variability. Clin 
Pharmacol Ther 45: 226-233. 

107.	 Perdaems N, Bachaud JM, Rouzaud P, Murris-Espin M, 
Hermant C, et al. (1998) Relation between unbound plasma con-
centrations and toxicity in a prolonged oral etoposide schedule. 
Eur J Clin Pharmacol 54: 677-683.

108.	 Karlsson MO, Port RE, Ratain MJ, Sheiner LB (1995) 
A population model for the leukopenic effect of etoposide. Clin 
Pharmacol Ther 57: 325-334.

109.	 Slevin ML, Clark PI, Joel SP, Malik S, Osborne RJ, et al. 
(1989) A randomized trial to evaluate the effect of schedule on 
the activity of etoposide in small-cell lung cancer. J Clin Oncol 
Off J Am Soc Clin Oncol 7: 1333-1340.

110.	 BT, CA, EC, GF, AI, BL, et al. (1999) A limited-sam-
pling strategy for estimation of etoposide pharmacokinetics in 
cancer patients. Cancer Chemother Pharmacol 43: 316-322.

111.	 Hande K, Messenger M, Wagner J, Krozely M, Kaul S 
(1999) Inter- and intrapatient variability in etoposide kinetics 
with oral and intravenous drug administration. Clin Cancer Res 
Off J Am Assoc Cancer Res 5: 2742-2747.

112.	 Gregianin LJ, Brunetto AL, Di Leone, L Costa, TD San-
tos, PP Schwartsmann G (2002) Clinical and pharmacokinetic 
study of fractionated doses of oral etoposide in pediatric patients 
with advanced malignancies. Med Sci Monit Int Med J Exp Clin 
Res 8: 70-77.

113.	 Ando Y, Minami H, Saka H, Ando M, Sakai S, Shimoka-
ta K (1996) Therapeutic drug monitoring in 21-day oral etopo-



J Pharmacol Drug Metab 2022 | Vol 5: 102  JScholar Publishers                  

 
21

side treatment for lung cancer. Jpn J Cancer Res Gann 87 
: 856-861.

114.	 García-Ferrer M, Wojnicz A, Mejía G Koller D, Zubiaur 
P, Abad-Santos F (2019) Utility of Therapeutic Drug Monitoring 
of Imatinib Nilotinib and Dasatinib in Chronic Myeloid Leuke-
mia: A Systematic Review and Meta-analysis. Clin Ther 41: 2558-
2570e7

115.	 Martins DH, Wagner SC, Santos TV, dos Lizot L, de 
LF, et al. (2011) Monitoring imatinib plasma concentrations in 
chronic myeloid leukemia Rev Bras Hematol E Hemoter 33: 302-
306.


