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Medicina personalizzata
« Born in U.S.A»

PubMed e la “precision medicine”

Tonight, I'm launching a new

L'analisi delle occorrenze di un termine o diuna

Precision MedICI ne lnitiative locuzione nella piul utilizzata banca dati bibliografica 2000
. . internazionale offre una fotografia dalla loro popolarita:
to b rl ng us C[OSE r to curi ng quella della pracision medicine & sicuramente in grande 1 697 ’_’

crescita e negli ultimi anni F'aumento degli articoli
pubblicati sul tema & vertiginoso. ...

diseases like cancer and
diabetes — and to give all
of us access to the
personalized information
we need to keep ourselves
and our families healthier.
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Medicina di precisione,...

Perché?

Spear BB, Heath-Chiozzi M, Huff J. Clinical application of pharmacogenetics. Trends Mol Med 2001; 7: 201-6.

Si stima una inefficacia terapeutica
dal 30 al 75% per numerose classi di
farmaci

In alcune categorie di pazienti affetfi
da malattie metaboliche,
psichiatriche, neurologiche,
cardiache, oncologiche, infetftive o
in ICU, I'insuccesso terapeutico
medio e di circa il 30-40%

Aumento della popolazione anziana
(comorbilito, politerapia,......... )

IMPRECISION
MEDICINE

For every person they
do help (blue), the ten
highest-grossing drugs
in the United States
fail to improve the
conditions of between
3 and 24 people (red).
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Percentage of the patient population for which a particular drug

in a class is ineffective, on average

ANTI-DEPRESSANTS 38%

=ije
=ilje
=ije
=iile

S5RIs

[ ] [ ] [ ] (]
ASTHMA DRUGS 40% IHI ln| lnl IHI

[ ] [ ] [ ] [ ]
DIABETES DRUGS 43% IHI ln| lﬂl IHI [

[ ] [ ] [ ] [ ] [ ]
ARTHRITIS DRUGS 50% III |n| ln| Inl lm

ALZHEIMER'S DRUGS 70%

CANCER DRUGS 75% |i| |i| ln\

Spear, Margo \ r(l-|
Mol " Issue 5,1

Eichelbaum M, Ingelman-Sundberg M, Evans WE. Pharmacogenomics and individualized drug therapy. Annu Rev Med 2005 57 11@ 7 Vol

Morandi A, Bellelli G, Vasilevskis EE, et al. Predictors of rehospitalization among elderly patients admitted to a rehabilitation hospital: the role
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Medicina personalizzata
Definizione?

*Genomica

° ECZ {{un metodo di medicina che / oty _\

*Nutrigenomica

utilizza un profilo molecolare per e e s
individualizzare la corretta strategia Wedcing Soraini
terapeutica per la persona giusta al Pepsomalfzzals  imegraione. st o
fempo giusto e/o per identificare la /

predisposizione alla malattia e/o
rendere possibile una prevenzione
tempestiva e miratan

Commission on 31 October 2013

Cura ed educazione
del paziente

'l-—-——/ Specifica interazione

con il paziente

Innovazione in
medicina

o ((Esposoma?y

hitp://ec.europa.eu/health/human-use/personalised-
medicine/index_en.htm.



Medicina personalizzata
veeeee...DEfINIZIONI!

COMPANION |
DIAGNOSTICS )™

-
THERANOSTICS }" .
TARGETED MEDICINE} . ~4
\r i IHF
PRECISION

MEDICINE

STRATIFIED
. MEDICINE
—

PERSONALISED |
_ MEDICINE

A

hitp://ec.europa.eu/health/human-use/personalised-

medicine/index_en.htm.

Definizioni proposte di medicina personalizzata

Definizione Fonte (rif.)

Prevenzione, diagnosi e terapia di una Carlson B (3)
specifica malattia in base al profilo
genetico individuale

Uso di nuovi metodi di analisi molecolare Personalized

per gestire meglio una malattia o Medicine Coalition

ot alals a aifatalls

Fornire il trattamento giusto al paziente Unione Europea

giusto, alla dose giusta (5)

Medicina basata sulle informazioni cliniche, American Medical
genetiche e ambientali di ciascuna Association (6)
persona

Medicina che utilizza le informazioni su National Cancer
geni, proteine e ambiente della persona Institute (7)

per prevenire, diagnosticare e curare le

malattie

3. Carlson B. What the devil is personalized medicine?
Biotechnol Healthc 2008;5:17-9.

4. http://www.personalizedmedicinecoalition.org/Resources/
The_Case_for_Personalized Medicine.

5.  http://ec.europa.eul/research/health/policy-issues-
personalised-medicine_en.himl.

6. http://www.ama-assn.org/ama/pub/advocacy/
topics/personalized-medicine.page. 6

7. National Cancer Institute. http://www.cancer.gov/



Medicina personalizzata (@
Obiettivi principali

Capacita di assumere decisioni cliniche basate su
maggiori informazioni possibili

Maggiore probabilita di effetti desiderati grazie a
terapie piu mirate

Ridotta probabilita di eventi avversi e reazioni
indesiderate ai farmaci

Focalizzazione sulla prevenzione e predizione piuftosto
che reazione a malattie gia sinftomatiche

Benefici economici e miglior contenimento dei costi
per | sistemi sanitari



La Rete Nazionale di
Farmacovigilanza dell’ AIFA registra
in ltalia ogni anno circa 20.000 ADR.

DIPARTIMENTO DELLA QUALITA
DIREZIONE GENERALE DELLA PROGRANNMAZIONE SANITARTA, DEILIVELLI DI
ASSISTENZA E DEI PRINCIPI ETICI DI SISTEMA
UFFICIO III

RACCOMANDAZIONE PER LA PREVENZIONE DELLA
MORTE, COMA O GRAVE DANNO DERIVATI DA ERRORI IN TERAPIA
FARMACOLOGICA

Un uso non corretto dei farmaci puo determinare eventi avversi con conseguenze

gravi per i pazienti

Drug Toxic concentration
Carbamazepine 15 pg/mL
Ethosuximide 150 pg/mL
Gabapentin 85 pg/mL
Lamotrigine 20 pg/mL
Phenobarbital 40 pg/mL
Phenytoin 20 pg/mL
Valproic acid 100 pg/mL
Digoxin 2.4 ng/mL

Tricyclic antidepressants
Lithium

Acetaminophen
Acetylsalicylic acid
Ibuprofen

Theophylline

Amikacin
Gentamicin/tobramycin

Vancomycin

Chloramphenicol
Rifampin
5-Fluorouracil
Methotrexate

Efavirenz
Nevirapine
Amprenavir
Indinavir
Nelfinavir
Ritonavir
Saquinavir

500 ng/mL

1.5 mmol/L

150 pg/mL

500 pg/mL (intoxication)
200 pg/mL

20 pg/mL

32 pg/mL (peak)
12 pg/mL (peak)
2 pg/mL (trough)
80 pg/mL (peak)
10 pg/mL (trough)
25 pg/mL

55 pg/mL

3 pg/mL

5 pmol/L (24 h post
high-dose therapy)
8 mg/L (peak)

12 mg/L (peak)

8 mg/L (peak)

10 mg/L (peak)

6 mg/L (peak)

22 mg/L (peak)

6 mg/L (peak)
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Medicina personalizzata
una scienza «analitican 3§l

e La Medicina Personalizzata/di Precisione si basa su
tre pilastri principali fondamentalmente analitici
quali:

1. Genomica (Farmacogenomica, Genotipizzazione,...)

2. Monitoraggio Terapeutico dei Farmaci (therapeutic
Drug Monitoring-TDM)

3. Metabolomica
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TDM (presomministrazione) _ AN
Farmacogenomica

La farmacogenetica e una disciplina che valuta le variazioni nella
sequenza del DNA, capaci di modificare la quantita o la funzione di
proteine coinvolte nel metabolismo, nel trasporto cellulare del
farmaco o nel pathway farmacodinamico.

Tali variazioni interessano piu dell'1% della popolazione e sono
caratterizzate dalla sostituzione di un singolo nucleotide o da
delezioni/inserzioni di una o piu basi.

| principali polimorfismi funzionali capaci di modificare il metabolismo
dei farmaci sono a carico di : CYP3A4/5,CYP2Dé, CYP2C9, CYP2C19,
DPYD, TPMT, UGT1AT1,.....

Test farmacogenetici in relazione all'impiego terapeutico di alcuni
farmaci sono stati approvati da EMA e FDA. Ad oggi, in ltalia, 'unico
test farmacogenetico obbligatorio, predittivo di reazione di
ipersensibilitd da abacavir, € il test per I'identificazione dell’allele
HLA-B*5701

Mallal S, Phillips E, Carosi G, Molina JM, et al. HLA-B*5701 screening for hypersensitivity to abacavir. N Engl J Med. 2008; 358: 568-579.



TDM
Farmacogenomica
potenziali applicazioni

Antiretrovirali (tenofovir, efavirenz, nevirapina, atazanavir,
ribavirina);

Antifungini (voriconazolo);

Chemioterapici (fluoropirimidine, irinotecano, derivati del platino);
Immunosoppressori (azatioprina, metotressato);
Antiestrogeni (tamoxifene, Inibitori aromatasi);

Farmaci attivi sul sistema nervoso centrale (antidepressivi,
antipsicotici, antiepilettici,oppioidi);

Farmaci cardiovascolari (anticoagulanti orali, antiaggreganti,
statine);

Farmaci antigottosi (allopurinolo)



Monitoraggio Terapeutico dei Farmaci
una nuova/vecchia scienza!

 Negli anni 1960 |a scienza del TDM introdusse nuovi aspetti nella
pratica clinica legando, con teorie matematiche, aspetti
farmacocinetici (PK) alle risposte terapeutiche.

 Negli anni 1970 i primi studi pioneristici interessarono gli effetti avversi
e la identificazione degli intervalli terapeutici di farmaci quali la
digossina, fenitoina, litio e teofillina

Definizione (Touw 2005).

...misurazione di laboratorio clinico di un parametro «collegato al
farmacoyn che, con una appropriata interpretazione, puo
direttamente influenzare una procedura prescrittiva.

Therapeutic Drug Measuring/Monitoring/Managment

Touw DJ, Neef C, Thomson AH, Vinks AA. Cost-effectiveness of
therapeutic drug monitoring: a systemic review. Ther Drug Monit
2005;27:10-17.



Monitoraggio Terapeutico dei Farmaci
Presupposti....pratici

La scienza del monitoraggio terapeutico nasce dalla
consapevolezza che:

ealcuni farmaci hanno un intervallo terapeutico ristretto

*in concentrazioni superiori al limite superiore del range
terapeutico, il farmaco puo essere tossico

*in concenfrazioni inferiori al limite inferiore del range
terapeutico, il farmaco puo essere inefficace

*non tutti i soggetti hanno la stessa risposta a dosi simili ovvero
esiste una nofevole variabilita dei parametri farmacocinetici
/farmacodinamici

....esiste un errata convinzione secondo il quale un clinico possa
raggiungere lo stesso risultato di un monitoraggio terapeutico del
farmaco semplicemente prescrivendo il farmaco e basandosi
sulla risposta clinica del paziente......

Bochner F, Tonkin A.The clinician and therapeutic drug monitoring in the 1990s.Med J Aust
1993;158:422-426



TDM-SCOPO

Adiagnaosis is made

U

A drug is selected

U

Dosage schedule is designed to reach a target plasma concentration

U

Drug is administered

Patient assessments are performed Drug concentration are determined

N g

A pharmacckinetic model is applied and clinical judgment is used

If dosage adjustment necessary

Plasma concentration of drug

Risk of toxicity
increased

A therapeutic
response can
be expected

Therapeutic
range

Effect likely to be
subtherapeutic

14



PK/PD
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Monitoraggio terapeutico dei @
farmaci
Quando e/sarebbe necessario?

eEfficacia dei farmaci difficiimente osservabile clinicamente
(antiepilettici,..)

«Sospetta/sfumata tossicita

*Risposta terapeutica inadeguata (per aumentare efficacia)
*Problemi compliance

s[nizio somministrazione (Genoftipizzazione)
eSOMmministrazione cronica

«Cambiamento del dosaggio

«Cambiamento dello stato clinico del paziente (funz. renale,
epatica,..)

Cambiamento dei farmaci cosomministrati

*Manifestazioni di tossicita e stato di malattia sono simili (teofillina,
digossina,..)

*Uscita dalla terapia



Monitoraggio terapeutico dei
farmaci
Quando non e necessario?

La tossicita legata al farmaco non € una
preoccupazione realistica

Gli effetti di un farmaco possono essere misurati
attraverso test di laboratorio funzionali
(anticoagulanti,...)

La concentrazione plasmatica non € un parametro
che permette di predire gli effetti di un farmaco
(anticoagulanti,...)

Il rapporto concentrazione plasmatica/effett
rimane indefinito



TDM
Condizioni Operative

Il TDM e efficace se:

1.1l farmaco ha le caratteristiche idonee (ridotta finestra terapeuvticaq,....)

2.Si ha ben presente il quesito diagnostico (efficacia, tossicita,...) e si
hanno informazioni specifiche sul paziente e sul protocollo terapeutico

3.Si utilizza la matrice idonea (sangue, siero/plasma, DBS, salivaq,
lacrime..)

4.Si vtilizza la metodica analitica idonea (FPIA, EMIT, ACMIA, HPLC, LC-
SM, LC-SM/SM)

5.Si segue il timing corretto per il farmaco ed il quesito diagnostico

6.Si sviluppa e si applica uno specifico/corretto schema interpretativo



TDM
Condizioni Operative

Il TDM e efficace se:

1.1l farmaco ha le caratteristiche idonee (ridotta finestra terapeuvticaq,....)



USUAL THERAPEUTIC

TDM o
—

e
(=1

Caratteristiche farmaco

- Ridotta finestra terapeutica |t
« Notevole variabilita PK e PD interpersonale

 Limitata variabilita PK intraindividuale

e Metabolismo epatico

* Eliminazione renale

« Elevato legame del farmaco alle proteine (>80%
legame: albumina-AE, alfalglicoproteina acida-IP,
lipoproteine-IS)

 Suscettibilita alle interazioni farmacocinetiche

Es:

Digossina, Litio, Teofillina, Antiepilettici , Antibiotici (Aminoglicosidi,
Glicopeptidi, Beta lattamici,..) Antimicotici,, Immunosoppressori,
Antivirali/retrovirali, Antiaritmici, Antidepressivi, Antitubercolari,
AnfineoplastiCi,............... NOAC

Antovic JP, Skeppholm M, Eintrei J, Eriksson-BoijaE, Séderblom L, Rénquist Y, Pohanka A, Beck O, Norérg E-M, Hijemdahl P,
Malmstrom RE (2013). How to monitor dabigatran whenneeded: comparison of coagulation laboratory mettas and dabigatran
concentrations in plasma. Abstract. 24th ISTH Congess and 59 Annual Scientific and Standardization Committee (S€) Meeting,
Amsterdam




TDM
>>Variabilita PK/PD intra/interindividuali
Classi speciali

 Neonati
* Assorbimento e Anziani
*Distribuzione e Gravidanza
*Legame alle proteine * Obesi
*Metabolismo epatico (fase e Pazienti critici (ICU)
I-11) * Sepsi (MOF,ARC,SIRS..)
e Eliminazione renale -

POLIMORFISMI GENETICI (CYP)



TDM
INTERAZIONI
FARMACOCINETICHE

«variazione della risposta prevedibile /attesa al farmaco come
conseguenza di una azione competitiva di alfre sostanze non
prodofte dal nosfro organismon

*Variazioni nel legame con le proteine

*Variazione dei transporter (proteici)

siInduzione (lenta)-inibizione(rapida) degli enzimi intestinali ed
epatici (CYP450)

*Variazioni equilibrio acido base-idroeletirolitico

Dovute a : altri farmaci, cibo, alcool, tabacco,
prodotti vegetali (erbe),..

Es: Antiepilettici, antibiotici, antimicotici, anfivirali, antidepressivi,
antipsicotici, Immunosoppressori, antineoplastici.

Armijo JA, Sanchez MB, Campos C, Adin J. wThe interactions of antiepileptic drugs in oncology practicex. Rev Neurol
2006;42:681-90

Hu Z, Yang X, Ho PC, Chan SY, Heng PW, Chan E, et al. Herb-drug interactions: a literature review. Drugs 2005;65:
1239-82.



Tahle 4 Most common herb-drug interactions described i the literature (95).

Herb and drug Outcomes of interaction Possible mechanism

IH}‘,I'JE'E'EEUH perforatim I
Amitriptyline Decreases AUC Induction of CYP3A4
Midazolam Increases clearance Induction of CYP3A4
Cyclosporine Decreases blood concentration Induction of CYP3A4 and P-gp
Digoxin Decreases AUC, C,,. trough concentration Induction of P-gp
Methadone Decreases trough concentration Induction of CYP
Oral contraceptives Intermenstrual bleeding Induction of CYP
Indinavir Decreases AUC Induction of CYP3A4
Imatinib Decreases AUC Induction of CYP
Simvastatin Decreases C ., Induction of CYP3A4
Tacrolimus Decreases AUC Induction of CYP

eophylline
Gingko biloba
Warfann

3

Paneax ginseng

Bl TIY

Alcohol

Allien sativum (Garlic)
arm
Saguinavir

Silybum marianum
Indinavir

Fiperine from black and
long peppers
Phenytoin
Propranolol
Theophylline
Rifampicin

Eleutheroccus senficosus
{Siberian ginseng)
Digoxin

Decreases blood concentration

Haemomhage
Spontaneous hyphasma

Decrease INR
Increases blood clearance

Increases INR and clotting time
Decreases AUC and blood concentrations

Drecreases AUC and trongh concentrations

Increases AUC in healthy volunteers
Increases AUC in healthy volunteers
Increases AUC in healthy volunteers
Increases plasma concentrations in patients
with pulmonary tuberculosis

Increases serum concentration

Induction of CYP

Additive effect
Additive effect

Additive effect
Delayed gastric emptying and
enzyme induction

Additive effect
Induction of CYP3A4 and P-gp

Modulation of CYP3A and P-gp
Inhihition of CYP
Inhihition of CYP

Inhibition of CYP
Inhibition of P-gp

Interference with assay

INR, intermational normahized ratio.



TDM

NOAC,DOAC.........

Genotyping to predict starting dose of warfarin Warfarin is
a racemic drug, and its more potent S-enantiomer is almost
completely metabolised by the CYP2C9 enzyme. For more
than a decade, it has been well-known that common poly-
morphisms of the CYP2C9 gene have a major impact on
warfarin dose requirements and that in homozygous carriers
of the CYP2C9*3 allele, a dose reduction by about 80 %
may be necessary to avoid over-anticoagulation and in-
creased risk of bleeding [35, 36]. Similarly, polymorphisms
of the VKORCI gene encoding warfarin’s target molecule
alter the anticoagulant effect. The polymorphisms in these
two genes are the single most important factor underlying
the huge inter-individual variation in warfarin dose require-
ments [37, 38]. Polymorphisms of VKORCI1 and in

Antovic JP, Skeppholm M, Eintrei J, Eriksson-Boija E, Soderblom L,

Ronquist Y, Pohanka A, Beck O, Norberg E-M, Hjemdahl P,

Malmstrom RE (2013). How to monitor dabigatran when needed:
comparison of coagulation laboratory methods and dabigatran
concentrations in plasma. Abstract. 24th ISTH Congress and 59t
Annual Scientific and Standardization Committee (SSC) Meeting,

Amsterdam

Eur J Clin Pharmacol (2013) 69 (Suppl 1):825-832
DOI 10.1007/500228-013-1504-x

SPECIAL ARTICLE

Therapeutic drug monitoring for tomorrow

Erik Eliasson « Jonatan D. Lindh -
Rickard E. Malmstrim « Olof Beck « Marja-Liisa Dahl

leceding [43]. In addition to compliance, a number of
actors, including age, gender, certain medications and re
al and hepatic function, may alter the plasma levels of
S 19 A0 THCerciorc1n Nont oL Thc apparcnt
LC-MS/MS methods are currently being established for the
detection and quantification of the NOACs dabigatran,
rivaroxaban and apixaban. However, these will probably bg

the near future. In parallel, a number of functional coagulation
tests are being developed that indirectly estimate plasma con-
centrations; the most promising of these being diluted throm-
bin time and ecarin clotting time for dabigatran. and anti-
ffactor Xa assays for the factor Xa inhibitors [47]. Our firs)
comparisons of plasma concentrations ot dabigatran, mea-
sured by LC-MS/MS and these coagulation assays, indicate

that both the diluted thrombin time and ecarin clotting tume
assays may be used to estimate the intensity of dabigatran

\ anticoagulation and drug levels in many situations [48]. J

24



TDM ds

Condizioni Operative

Il TDM e efficace se:

2.Si ha ben presente il quesito diagnostico (efficacia, tossicita,...) e si
hanno informazioni specifiche sul paziente e sul protocollo terapeutico



TDM

Quesito diagnostico?

Provenienza: MEDICINA INTERNA OSPEDALIERA
. e .,,,,_ﬁ_ﬂ"’-u]k ——
Data di Stampa: 15122017 Ore: 13:42 Pag. 1/1 Routine
Esame Esito UM Intervalli Riferimento
[0] LAMOTRIGINA : 3.50 mgl  Intervallo terapeutico indicativo
3-13
[0] VANCOMICINA : 6.5 ug/mi Valle: 5.0 - 10.0
Picco: 20.0-40.0
Table 2 The information required to interpret a drug
concentration.

The information required to interpret a drug concentration includes:
time blood sample taken
time dose given
dosage regimen (dose, duration, dosage form)
patient demographics (sex, age, concomitant disease, ethnicity etc)
comedications
indication for monitoring
pharmacokinetics and therapeutic range of the drug

Sesso;

Data Naserz: (7121983 B 3 Amai
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TDM
Condizioni Operative

Il TDM e efficace se:

3.Si utilizza la matrice idonea (sangue, siero/plasma, DBS, salivq,
lacrime..)



TDM
Matrice

Il TDM sul plasma e efficace in particolare per i farmaci che
hanno una buona correlazione tra concentrazione plasmatica
(PK) e dose nonché tra concentrazione e risposta ovvero
«concentrazionen nel sito target (PD), rappresentando un

indice surrogato della esposizione corporea al farmaco

(ridotta presenza/produzione di metaboliti atfivi)

Prescribed dosing ~ Drug at site of Clinical Effects or
i regimen ,; action or blood > Drug Effects
l v ool —
L concentration
e e
~ -
~ = ~

eeeeeeeeee

Saliva, lacrime, «goccia seccan sono in fase di studio per

diverse molecole

La concenirazione tessutale-cellulare sicuramente potrebbe
meglio correlare con gli effetti farmacodinamici (es:
citarabina, cisplatino) ma ad oggi non € una procedura di

routine.

Gross AS. Best practice in therapeutic drug monitoring. Br J Clin. Pharmacol. 2001;52(Suppl. 1):55-10S.




TDM
Condizioni Operative

Il TDM e efficace se:

4.Si vtilizza la metodica analitica idonea (FPIA, EMIT, ACMIA, HPLC, LC-
SM, LC-SM/SM)



INTERFERENZE PRE/ANALITICHE

TDM

 contenitore, trasporto/conservazione

Table 2 Analytical interferences described for the most commonly monitored drugs

Drug

Acetaminophen

Amitripty line
Drgoxin

Lithium

Mycophenolic acid

Nortriptyline

Phenytoin

TCA

Vanoomycin

Interfering substanoe

Method

Interferencefreferences

Bilimubvin

IgM parnprotein

by praumine

Heterophilic antibodies
Digoxin-like immunoreacti
lactlors

Spironolectons

e none

Chinese moedicines (Bufalin
Gingseng (Whitapherin-A )
Nerem ofeander (Obeandri
Hemoglobin
Carbamazepine, guinidine,
[Prociinamide

Calcium, guinidine
Chninidine, procainmmide
Acyl gluocuronide of
mycophenclic acid
Mycophenolate mafetil
Desipramine,

methadone

Fosphenytoin

3-{ p-hydroxypheny [p-5-
phenylhy dantoin
Hemoglobin
Hydroxizine, cetirizine
Bilirubin

Colonmetric and enzymatic
{00 inierference in
imimunoassays and
chromatography)
Enzymatic

Immunoassiys
ImimiLinoassays
Immunoassays

Immunaassays

Mot observed in Tina-Ouzant
{Roche Diagnostics.
Indianapolis, IN, USA)
FPLA. MELA

Iop-selechive elecirmde

Colonmelry
EMIT (ot observed in
HPLC)

Immunoassay s
HPLC

Imimitnoassays (ol observed
in newer EITINNLITROASSAY S b

FPLA
FPEA (no interference in
MEIA)

Posilive bias (49=51]

Negative bias {33)
Cross-reactivity (7)

Positive bias by cross-reactivity
Cross-reactivily

Positive and negative bias by
cryss-reaclivilty (62-64)

Positive: and negative bias by
cross-reactivity (39-61)

Posilive biax (7]
Positive Bas (T)
Negative bins

MNegative bins (7)

Positive bins by cross-reactivity
with the metabolite (H0)
Cross-reactivily with prodrug (55)
Cross-reactivity (7)

Cross-reactivity with prodrug (58)
Cross-reactivily with the
mednbolite (39, 61)

Varahle effects (T)

Positive g (56&)

Negative bias (62)
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TDM

Metodi analitici

(CLIA 88; CV <5-10%)
Metodi immunometrici (automatizzabili, alta capacita, analisi

In urgenza, velocita, costi)

*RIA -

*ELISA e ??
FPIA N -
*EMIT  (Enzyme Multiplied Immunoassay Technique

«ACMIA (Affinity column mediated immunoassay)

Metodi ucromatograficin (precisione, accuratezza, analisi
multianalita, flessibilita analitica, robus’rezzc: )

*HPLC o 2

LC/SM/SM @, =1

Westgard JO, Ehrmeyer SS, Darcy TP. CLIA final rules for
quality systems, 1st ed., 2004.



ps IDM

Implantable microelectrodes

«NANO»-FUTURO

Lab-on-Chip uTAS

4th-5th September 2017
a Dresden

Misura della concentrazione ematica- tissutale- /po

Actuator

cellulare (in tempo reale!!l!) e dispensazione
locale/mirata/controllata dei farmacilll o

Antanna



TDM @
Condizioni Operative

Il TDM e efficace se:

5.Si segue il timing corretto per il farmaco ed il quesito diagnostico



TDM o
Timing?
- Se il quesito diagnostico e legato alla efficacia terapeutica di
un farmaco, la concentrazione allo steady-state (4-5 emivite)
a valle (Ctrough), ovvero prima della somministrazione

successiva (Cssmin), € da preferire nella maggior parte dei
casi (eccetto digossing, Litio ed antidepressivi triciclici).

 Nel caso in cui il quesito diagnostico sia legato ad un sospetto
di tossicita la fase di picco e da preferire nella maggior parte
dei casi (30-60 minuti dopo somministrazione orale; 2 ore CSA;
4-6 ore FKS06,....c.c.cccvveen..... ).

e Per alcuni ATB possono essere utili, ad inizio terapia, sia il punto
di valle che di picco (per aminoglicosidi puo bastare il picco)

In funzione del tipo di molecola i tempi di SS e picco possono
essere molto variabilli

« Alternativamente si possono raccogliere campioni casuali di plasma e
stimare la concentrazione a valle o la esposizione (AUC) usando modelli
farmacocinetici di popolazione

Boffito M, acosta E.et alCurrent status and future prospect of therapeutic drug monitoring and applied clinical pharmacology in
antiretroviral therapy.Antivir.Ther 2005;10:375-92



TDM
Timing

ESPOSIZIONE SISTEMICA: AUC o Cirough?

A

Concentratian

B

Singla trough

Time {weeks)

Multiple timed E wval for
samiples for = siomdy-sisia
ALK m
f ]
=
=
! ‘B =
|-‘I|'| | \ i Oral drug
\ | i ceased
| | |
| |I | |I = e s = =) —_
| | | st
- ; : : 1 . : T T T T
0 rd 14 M 3B 36 14 21 ZB 5
Time (days] Time {days)
Pretroabmant
= traugh leve
=
=
m
| —
=}
=
@
T
=
=]
3
T T T T T
] 3 3] g 12 15
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Concentrazione plasma

TDM
Timing SS-Cssmin-Cirough

Time to
steady-state

(Emivita?)

(Sampte timing \

Trough concentration

Peak concentration

—
FliAfazpn ; ; ;
Mt dose 112 ] | dopot
riteryiallc. cose 11/ 8| FRGLiun i 5
Gliacat ; Fon Ahsana dala i
H : : ipande d:aue g
W
Drug
B gl & 1 Drugs with short half-lives
o 1 2-_- 3 4 5 & T B . -
Tempo espresso in emivite del farmaca Drugs with long half-lives
Digoxin
Lithium

TCA (once-daily regimen)

Antibiotics conventional regimen
Aminoglycosides once-daily dosing
Anticonvulsants

Carbamazepine

Phenobarbital

Phenytoin

Valproic acid

Leviteracetam

Oxcarbamazepine
Theophylline
Immunosuppressives

Cyclosporine

Mycophenolic acid

Everolimus

Sirolimus

Tacrolimus
Antiretrovirals

5-7 days
2-7 days
5-6 days

10-15h

2-6 days
17-24 days
4-8 days
24 days

2 days

2 days

2-3 days

2-6 days
24 days
4-7 days
5-7 days
3-5 days
48 h, except
saquinavir
(4 days)

Just before next dose
(a window of 30 min)

8-12 h after dosing

6—12 h after dosing

10—14 h after the last dose
for once-daily dosing and
4-6 h after the last dose for
divided daily dosing

30-90 min before next dose

Just before next dose
except phenobarbital (any
time during dosage interval)

|—4 h after intravenous dose

Cyclosporine: 2 h after
dosing (window of 10 min)
Tacrolimus: 4 and 6 h after
dosing (C4 or C6)

At the end of dosing interval

\, .

When toxicity is suspected

When toxicity is suspected

30—-60 min after dose
8—12 h after dosing

When toxicity is suspected

When toxicity is suspected

When toxicity is suspected




TDM
Variabilita Interindividuale
AUC- CTrough
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Figure 5. Plasma steady-state phenytoin concentration (Css) in
relation to total daily dose. At all dosages, there are large inter-
subject variations in mean Css.

Table 2. Pharmacckinetic Variations of Selected Targeted
Anticancer Therapies

Interpatient Variations

(fold or CV*)
Trough \
Drug Dosage per Day AUC Level

Hormones
Tamoxifent 20 mg 26-fold?®
Letrozole 25mg 409,22 12-fold3?
Anastrozole 1mg 259%31 11-fold32
Bicalutamide 50 mg 269%33
Abiraterone 1,000 mg 58%34

Tyrosine kinase inhibitors
Imatinib 400 mg 269%35 16-fold®®
Nilotinib 400 mg bd 51.9%37 51.2%3
Gefitinib 260 mg 15-fold>2 23-fold32
Erlotinib 150 mg 549,40 51940
Sunitinib 50 mg 41941 549,41
Sorafenib 400 mg bd 329-829,42 11-fold**
Temsirolimus 25 mg 269,44

Monoclonal antibodies
Cetuximab 400 mg/m?2 30%45 6-fold*®
Trastuzumab 6 mg/kg 10-35%*7 =10-fold*®
Rituximab 375 mg/m? 6.2-fold*® 23-fold®®
Bevacizumab 10 mg/kg 2.4-fold"®

Abbreviations: AUC, area under the concentrati@gn-time curve; CV, coefficient
of variation.

“A CVof 20% to 509% represents an approximatgly 10-fold variation between
maximum and minimum drug concentrations for 51

tPharmacokinetic variation of endoxifen, the main active metabolite of
tamoxifen, was used.




TDM
Condizioni Operative

Il TDM e efficace se:

6.Si sviluppa e si applica uno specifico/corretto schema interpretativo

38



TDM iy
Tecniche di predizione della dose S

Per otftimizzare ed individualizzare il regime terapeutico che permette di
raggiungere e mantenere la concentrazione ottimale (esposizione) si possono
utilizzare diversi metodi di previsione del dosaggio che usano diversi modelli
PK/PD individuali o di popolazione.

Nuova dose = dose x (conc. obiettivo/conc. misurata)
(PK nota e lineare)
‘Nomogrammi

(nota la relazione fra la concentrazione plasmatica ed alcuni parametri
ematochimici/emodinamici)

Nuova dose = AUC desiderata x clearance misurata

(PD nota, PK nota nel dettaglio; numerosi campioni)

sInterpolazione Baiesiana: utilizza diversi parametri individuali, PK
(AUC,.)/PD ottenuti da studi su popolazioni di pazienti analoghi; per i
calcoli si utilizzano | valori medi della popolazione di riferimento
(Software dedicati: MwPharm, TCIWorks,.....)

*Dose test ridotta: per prederminare i parametri PK da usare nei calcoli

Neely MN, Youn G, Jones B, et al. Are vancomycin trough concentrations adequate for optimal dosing? Antimicrob Agents Chemother
2014;58:309-316.The study illustrates that dosing based on the widely accepted consensusguidelines can frequently fail to achieve appropriate
vancomycin exposure, and it also demonstrated that the Bayesian forecasting method can precisely predict

individual dosing requirements.
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JOURNAL OF CLINICAL ONCOLOGY
Evidence for Therapeutic Drug Monitoring of Targeted
Antic r Therapi
Bo Gao, Shang Yeap, Arthur Clements, Bavanthi Balakrishnar, Mark Wong, and Howard Gurney

I farmaci oncologici per la loro:

*Ristretta finestra terapeutica
*Ampia variabilita PK interindividuale
*Frequenti e potenzialmente gravi effetti tossici

*Possibile insuccesso terapeutico da sottodosaggio con
gravi conseguenze

eDefinita relazione tra dose ed effetto.

Sono potenzialmente degli ottimi candidati per il
TDM

Moore MJ, Erlichman C: Therapeutic drug monitoringin oncology: Problems and potential in antineoplastic

therapy. Clin Pharmacokinet 13:205-227, 1987

Gurney H: How to calculate the dose of chemotherapy. Br J Cancer 86:1297-1302, 2002

European Medicines Agency: Soragenib (Nexavar): Summary of product

characteri stics.http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_Scientific_Discussion/human/000690/
WC500027707.pd

Fracasso PM, Burris H 3rd, Arquette MA, et a: A phase 1 escalating single-dose and weekly fixed-dose study of cetuximab:
Pharmacokinetic and pharmacodynamic rationale for dosing. Clin Cancer

Res 13:986-993, 2007



TDM ONCOLOGIA >»
TDM routinario

Evans WE, Relling MV, Rodman JH, et al:Conventional compared with
individualized chemotherapyfor childhood acute lymphoblastic leukemia.N Engl J
Med 338:499-505, 1998

Graf N, Winkler K, Betlemovic M, et al:Methotrexate pharmacokinetics and
prognosis inosteosarcoma. J Clin Oncol 12:1443-1451, 1994

Gamelin E, DelvaR, Jacob J, et a: Individual fluorouracil dose adjustment
based on pharmacokinetic follow-up compared with conventional dosage: Results
of a multicenter randomized trial of patients with metastatic colorectal cancer. J
Clin Oncol 26: 2099-2105, 2008

Dupuis C, Mercier C, Yang C, et al: Highdose methotrexate in adults with
osteosarcoma: A population pharmacokinetics study and validation of a new limited
sampling strategy. Anticancer Drugs 19:267-273, 2008

Le Guellec C, Blasco H, Benz I, et a: [Therapeutic drug monitoring of
methotrexate after its administration in high-doseprotocols]. Therapie 65:163-
169, 2010



TDM Oncologia &
Criticita’.....storiche

Assenza di veri e propri range terapeutici (Indice terapeutico?)

{

Incerta relazione tra concentrazione plasmatica ed effetto

Effetti tossici e terapeutici inevitabilmente sovrapposti e da valutare
anche nel lungo periodo.

Eterogeneita e complessita della patologia tumorale
Utilizzo di profarmaci o farmaci con metaboliti attivi
Emivita generalmente breve

Somministrazione endovenosa prolungata intermittente
Necessita di un numero elevato di campioni

Mancanza di metodologie analitiche sufficientemente specifiche,
precise ed accurate

Difficolta e limiti etici della sperimentazione (confronto tra gruppo
con dose aggiustata e gruppo senza aggiustamento dose)



Negli ultimi 10 anni la introduzione di: TDM
‘nuove metodologie analitiche ONCOLOGIA
enuove Mmolecole con diversa PD/PK

sAumentate conoscenze sui meccanismi PD/PK

Sempre piu diffusa somministrazione orale (1Kls,....) continua
Utilizzo di molecola lunga emivita (Mabs)

Ha portato alla necessita di una rivalutazione/revisione del TDM
anche in campo oncologico con delle buone potenzialita per:

s|dentificare e minimizzare il sottodosaggio (inefficacia terapeutica)
*Evitare tossicitd; diagnosi differenziale di tossicita tra vari agenti
Monitorare gli aggiustamenti posologici

Rivelare le interazioni farmacologiche (CYP3A4, ABCB)

*Monitorare la concentrazione nei soggetti a rischio
(anziani,bambini, patologie renali ed epatiche, cure intensive,..)

*Monitorare la non aderenza (CML-Imatinib), inadeguata aderenza
O ...eccessiva aderenza (autogestione terapia orale)

Monitorare la riduzione della dose




Tahle 1. Apomorphic Parameaters and Systamic Exposura of Targeted
Anticancer Therapias

Crug

Cancer

Refationship

Sunitnib

Imatinib

Erotini

Bevacizumab

Trastuziemab

Cotuximab

RCE

CML

ChL

MECLE

H&M cancer

Solid tumnor

Breast cancor

H&MN cancer

Body size affected voluma of
distribution but not clearmnceg #?

Trough level did not corratate with body
waight or BSA but with doso and
dosa adjustad for BSA or weight

BSA significantly smaller in patients
receiving & reduced dose owing to
toxicity compared with thosa
receiving a standard dose. ™

Claarance dsd not cormelate with body
weight but was affectad by toial
bilirubin, o, -sced glycoprotein, and
smoking status. ™

Clearance was partly axplained by age,
hepatic functon, ABC G genatic
polymorghisms, and smoking, but

Body weight and sex wera tha
covariates with the greatest
influenca on central compartmeant
viotume of distributicn and
clearance.™®

Body weight, burden of disessa, and
serum level of extracellular domain of
tha HERZ? receptor affacted
clearanca.'®

Ideal body weaight (not actual waight or
EZA) and WEC accounted for 36%
of total variability in maximum
alimination rate. "

Abbreviations. B5A, body-surface area; CML, chronic myeloid leukermia;
GIET, gastrointestinal stromal tumor, HER2, human epidenrmal growth factor
receptor 2; H&M, head and neck; NSCLC, non-small-cell lung cancer; BCC,

renai cell cancar.

TDM
TKiIs-MADbs

o TKIS: scarse evidenze di

efficacia
dell’aggiustamento della
dose in relazione al peso
corporeo

e MAIDS: forti evidenze

di efficacia usando il peso
corporeo

Per entrambi si e evidenziata
una notevole variabilita
farmacinetica
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TDM Oncologia
Variabilita
farmacocinetica

» Variabilita assorbimento
(dieta, patologie/chirurgia gastrointestinali,.)

e Variabilita dei percorsi di attivazione

(epatopatia, attivazione/inibizione/ varianti
CYP450, ossidazioni, glucuronazioni..)

e Variabilita eliminazione

(reazioni fase I-1I, ABC protein, clearance
renale-TKI, clearance sistema monocito-

macrofagico ed organi target,FcR pm-
mAD)

Ratain MJ, Cohen EE: The value meal: How to save $1,700 per month or more on lapatinib.
J Clin Oncol 25:3397-3398, 2007

Table 2. Pharmacokinetic Variations of Selected Targeted

Anticancer Therapies

ﬁnterp—atient Variations

(fold or CV*)
Trough
Drug Dosage per Day AUC Level

Hormones
Tamoxifent 20 mg 26-fold?®
Letrozole 2.5 mg 40%2 12-fold3°
Anastrozole 1 mg 25931 11-fold32
Bicalutamide 50 mg 2593
Abiraterone 1,000 mg 589,34

Tyrosine kinase inhibitors
Imatinib 400 mg 259,35 16-fold™®
Nilotinib 400 mg bd 51.9%%7 51.2%%7
Gefitinib 260 mg 15-fold32 23-fold??
Erlotinib 150 mg 549,40 51940
Sunitinib 50 mg 41 %41 54941
Sorafenib 400 mg bd 29-82 %42 11-fold*?
Temsirolimus 25 mg 26%44

Monaoclonal antibodies
Cetuximab 400 mg/m? 30%4° 6-fold*®
Trastuzumab 6 mg/kg 10-36%*7 =10-fold*®
Rituximab 375 mg/m? 6.2-fold*? 23-fold®®
Bevacizumab 10 mg/kg %al—fold'"3

Abbreviations: AUC, area under the concentration-time curve; CV, coefficient

of variation.

A CVof 30% to 50% represents an approximately 10-fold variation between

maximum and minimum drug concentrations for most drugs.®'-52

tPharmacokinetic wariation of endoxifen, the main active metabolite of

tamoxifen, was used.

Yoo C, Ryu MH, Kang BW, et al: Crosssectional study of imatinib plasmatrough levelsin patients with advanced gastrointestinal stromal tumors: Impact of gastrointestinal resection on

exposure
to imatinib. J Clin Oncol 28:1554-1559, 2010

Pavlovsky C, Egorin MJ, Shah DD, et al: Imatinib mesylate pharmacokinetics before and after sleeve gastrectomy in amorbidly obese patient with chronic myeloid leukemia. Pharmacotherapy

29:1152-1156, 2009

Crewe HK, Ellis SW, Lennard M S, et a: Variable contribution of cytochromes P450 2D6, 2C9

and 3A4 to the 4-hydroxylation of tamoxifen by human liver microsomes. Biochem Pharmacol 53:171-178, 1997
Gschwind HP, Pfaar U, Waldmeier F, et al:

Metabolism and disposition of imatinib mesylate in healthy volunteers. Drug Metab Dispos 33:1503-1512, 2005

Peng B, Lloyd P, Schran H: Clinical pharmacokinetics of imatinib. Clin Pharmacokinet 44:879-894, 2005



EFFICACIA

TDM Oncologia
Evidenze di correlazione PK-efficacia-
tossicita

Table 3. Correlation of Pharmacokinetic Parameaters, Treatment
Efficacy, and Toxicity in Commonty Used Tyrosineg Kinase Inhibitors and

hWonoclonal Antibodies

Crrug Cancer Type P Parametar COutcomes
Efficacy
Endoxien Breast cancer  Trough leval Recurrenca®s
Imatinit oML Trough leval Response™ &
GIST Trough level PFS.%= response®™=
GIST ALIC Responsa™®
Erfotinib NSCLC Trough laval Rasponsa®”
HEM cancer Trough leval Qisee
Gafitinib NSCLEC D&D3 trough o
leval ratio
Sunitinib GIST + RCC  AUC PFS and 05.%°
responsa®™
Sorafenib REE + CREC Trough leval PF532
Rituirmab Lymphoma Trough leval Rasponsa, 2% PFE*
Lymphoma ALC Rasponsa®’
Trastuzumab Breast cancer  Trough leval Bast responsa™
Cetuximab:  Epithelial Trough leval Responsa*s

mafignancias

CRC

Clearance, trough PFS™

level

Tomicity
Imatinib
Da=atinib
Milotinib

Erlotinib
Gafitinib
Sunitinib

Sorafenib

Cetuximab

TOSSICITA’

GIST
CML

ChL

Solid turmors
Mised tumars
Solid turnars
Sodid turmors
RCC + CRC
Epithalial

migfignancies

ALIC
Trough leval
ALIC

Trough level

ALC
Trough leval
Trough leval
ALIC
Trough leval

Trough leval

Nautropenia®*

Plaural effusion®

Anemia, " total
bilirabin alovation®"

T intarval
prolongation’’

Rash™

Skin and GIT toxicity®®

Hypertension®™

Mautropenia®®

Hypariension, skin
toxicity

Rash**

Abbraviations: AUC, area under the tme-concentration curve; CML, chronic

rmiyeloid fsukernia; CRC, colorectal cancer; 02, day 3 after start of therapy, DE,
day 8 after start of therapy; GIST, gastrointestinal stromat tumor, GIT,
gastrointestingl tract; H&M, head and neck; NSCLC, non—small-cell lung
cancer; O35, ovarall survival, PFS, progressiondres survival, BCC, ranal cell
cancar
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TDM Oncologia
Evidenze recenti
Antibiotici-Antimicotici- Antivirali/retrovirali

| Tavienl ana e EXpert Opin Drug Metab Toxicol. 2013 Jul;9(7):911-2 ~ =% *7° #mt7mZanrars Anan Za4mar Mol anen

.. Be-
J Antimicr—

% > CLIA - Cerea con e % )/ £ therapeutic drug monitc X a8 - b. ¢
Can tV https://www.nebi.nim.nih.gov/p r ICS .
. Ir 23 NCBI e
pipera o _ _
h u & PubMed v | [therapeutic drug monitoring | @
aeMmc Create RSS Create alont  Advanced Help
trl a‘I . Article types Format Summary ~ Sort by Most Recent~ Per page: 20 ~ Sendto~  Filters: Manage Filters
Clinical Trial
Sime FBj Review
—_— S Results by year e
MS®, Rot Gustomize ... Search results
C Text availability Items: 1 to 20 of 35658 Page [1 | of 1783 Next>
Abstract
fe Eu‘lief”‘e“ @ Filters activated: published in the last 5 years. Clear all to show 130732 items
xt
Intern Mel'€ B . Al ?awctiﬁ:scﬂeuﬂbiht\ pattern of Neisseria gonorrhoeae strains isolated from five cities in India Download CSV |g and
Commnions 1. duri 013-2016
CO n S g Reader comments Kulkarni 8V, Bala M, Mugeeth SA, Sasikala G. Nirmalkar AP, Thorat R. Kambli H, Sawant J, Risbud A,
JA Trending articles Gangakhedkar RR, Godbole SV. Find related data =i
i J Mled Microbiol. 2017 Dec 12. doi: 10.1038/mm.0.000662. [Epub ahead of print] =
antlfU Publication dates PMID: 28 Database: | Select
h ni Guistom:range The application of control charts in requlated bioanalysis for monitoring long-term repraducibility
aem Species 2. Bruijnsveort MV, Meijer J, den Beld CV.
C Humans Bioanalysis. 2017 Dec;9(24):1955-1965. doi: 10.4156/io-2017-0163 Search details S
Chau Ml\rr Qther Animals 4ID: ] ("drug monitoring”[MeSH Terms] OR
ar g {"drug"[All Fields] AND “monitoring”
31, Coope [All Fields]) OR "drug monitoring"
h. [All Fields] OR {"therapeutic”[All ¥
ct 3 2 A case report and review of the literature Fields] AND "drug”[All Fields] a0
A Staley EM, Simmons SC, Feldman AZ. Lorenz RG, Marques MB, Williams LA 3rd, Zheng XL. Pham
7 e Search See more.
Ther Druc ;r‘;jn;fusmnozjwj Dec 11. doi: 10.1111/trf.14448. [Epub ahead of print]
Si Recent Activity —
Prop b Lwon ces
- Beta-Blocker Use in Pregnancy and Risk of Specific Congenital Anomalies: A European Case- Q, therapsutic drug monitoring AND ('last 5
onco |O 4. Malformed Control Study. years'[PDat]) (35658) PubMed
Bergman JEH, Lutke LR, Gans ROB, Addor MC, Barisic |, Cavere-Carbonell C, Garne E, Gatt M PR
. . ° Q_ therapeutic drug monitoring (130732)
Baietto LIN Klungsoyr K. Lelong N. Lynch C, Mokoroa O, Nelen V, Neville AJ. Pierini A, Randrianaivo H, Rissmann Pub
M. Cusalt A, Tucker D, Wiesel A, Dolk H, Loane M, Bakker MK.
= 222 W Drug Saf. 2017 Dec 11. doi- 10.1007/540264-017-0627-. [Epub ahead of print]) See mare
PMID:
Similar articl
Int J Antin The limitations of some European healthcare ¢ for monitoring the effectiveness of lies in
5. pregnancy prevention programmes as risk minimisation measures.
POS al Chariton RA, Bettoll V, Bos HJ, Engeland A, Game E, Gini R, Hansen AV, de Jong-van den Berg LTW, JF-a
. Jordan 8, Klungssyr K, Neville AJ, Pierini A, Puccini A, Sinclair M, Thayer D, Dolk H
18] feC‘M Eur J Clin Pharmacol. 2017 Dec 11. doi: 10.1007/500228-017-2388-9. [Epub ahead of print]
Hoenigl ! .
AT, SeelR

do dose regimenmug VC/\'JU-DUICQ alicul

) ) outcome or adverse events? A systematic revi
Sime FB*, Roberts MS 2, Tiong IS 3

W UL gup LUy

treatment o pt| lClin Pharmacokinet. 2013 Jan;52(1):9-22. doi: 10.1007/s40262-012-0020-y.

’ H 1 2 3 2 4 . . . . .
A o B0 ot o ot o o o ontaneay e nrancy) Benchmarking therapeutic drug monitoring software:
_ Author information Scodavolpe S*, Quarantg review of available computer tools.

Fuchs A', Csajka C, Thoma Y, Buclin T, Widmer N.



. Optimizing dosing of antibiotics in critically

T [ )
D M A ill patients
n I I o I C I Suzanne L. Parker*, Fekade B. Sime*, and Jason A. Roberts*"*

Ewdenze recenti

Anfimicrobial agents bocternal/fungal

Table 1 (Conknuved)

De Waele Therapeuic dreg monitoringbased dose Patients
ef of [34] oplimization of pipemadillin and kdney
meropenem: an RCT
Sime af ol Can therapeutic drig monitaring oplimize Febrile, 1
[37] exposure fo piperocillin in febrile patien
neutropenic patients with hoematologicni
maolignancies? An RCT
Foumiar Impact of the inrodeaion of realiime TDM Bom pat
et of. [38] on empircdl doses of carhapenems in
crifically ill bum patients
Mesly ot ol Are vancomycin fough concenfrations Adult pa
[A9=" adequate for oplimal dosing® Staphy
aurans
Caordile et ol  Oplimization of fime 1o initial vancomydn Adult pa
[44] target trough improves clinical ovicomes TOM
Felton of al, Individuali zation of piperacillin dosing for Patients
[41] crifically ill potients, dosing software ja oo
opfimize antimiorobial hempy infectiy
Mezic af ol TOM of once daily aminoglyooside dasing: Potients 1
[42] comparison of wo methods and once ¢
imvestigation of the oplimal Blood amino
sampling siralegy therap

ST, minimum inhibilory concentrafion; MESA, mathi

conrolisd frial; TDM, therepeofic dug moniosing.

nres istond Sophylocoocus o

Table 1. Summary of recent siudies providing relevant doto on optimizaticn of antibiotic dosing in critically ill patients

Cadier af of.
[28]
Cousson
ef ol [2¥

Laterms of al,
[30]

Tatelski er ol
[31]

Lin er al. [32]

Brunsni e ol

[33%]

Cutro af of,
[34]

af ol
[357=]

Fopulation phamacokinetics and dosing
simudations of ceherosime in critically il
pafients: nonstandand dosing approoches
are required o adhisve fthermpe wic
S Sures

concentrafions of cefiozidime
odminigered by confinuous verss
intermitent infusion in patients with
wvenlilmarasocdoled pressmonia
Temocillin [6g daily] in orfically il poftiens;
comtineous infusion verses thres times
daily odministration

Observational clinioal shedy on the effecs of
different dosing regimens on wancomycin
target levels in critically il potients:
condineois versis intermitent applicotion

Wancormmyeoin confinows infusion verses
intermithent infusion during confinwous
venovenoss haemofilration: sow and
steady may win the nace

Clinical and sconcmic impoct of empiiocal
exendedinfesion piperocillintarzoboactam
in a community medical cenne

Extended-infusion versue sandard-infusion
piperocilirtozobacikom for sepsis
syndromes al a terfiony medical centre

A mullicentre randomized wial of continuous
wersus intermitent betodoctom infusion in
BeETE S EEin

Creatinine
deomance rangsd
Fom 10 .
30t ol i

Intra-abdominal or
lorwer rewpinotary
oot infections
s by
Enferobxrcieri-
OoCeos

Pomtoperative KU

Patient receiving
condineous
VRO VTR LS
koemaofilination,
no residwal renal
Fsrscficn

Patients receiving
pip=racilling
oz obaciom
=48h

KU pafients

KU potients with
sy SIS sepais

Cefur axime

Ceharidime

Temocillin

Wancommecin

Woanocormecin

Pipencilling
tozobaciom

Pipemacilling
tarobockam

Piperacilling

tzabackam,
eSO penem
and

Jamal e of. Phamacokinetics of piperocillin in crifically Receiving Piperacillin Continuoirs. infusion odmindisraticn
[2&] il patients receiving contimeosss SO TS may improve PCPD orget
venovenow: haemofilration: an RCT of VETOYENOUE attainment
continwows infusion verses indenm itten hoemofilration
bolss administrafion
Dhe Wiosis Exte ncled versrs bolues infusion of Wit remal Maropensm Exended infusion resulis in
et of. [27] OV CHp ST O piperocilin: a Ficw ] i proved tangst
phoamocokinstic analysis piperacillin atialnment

High-dose continuaus inhrsion is
mare likely 1o reach FEPD
targets. Patients with creatinine
deorance of 300 ml/ min may
not achisve PK/PD togeh for a
MIC of B mgA

Confinuovws infesion presents
P/ PD odvwantaoges and
predicable efficacy

Temocillin [6g daily] given by
acnti nasonss infusion increnses
PE/PD sarget attoinment for
infections coused by
Enterobocieriocece with an
MIC of 18 mg,

Confinuows odminisration of
wancamycin oll cwe d more
rapid PE/PD wanget anainment
with Feweer sulbth erapeutic
concentations abserved

Coontinuows inhrsion odhieved
FEPD sargets faster than
intenmitent infusion ond
oonsistenthy kept the
WOMOOETYC N OO mCenino fi ons
within langet range

Extended infusion of pipsmacilling
tazobociom iz well oleraed
ond not awsociated with a
neduction in manolity or length
of sy

Patients with wrinarny o intra-
abdominal infections had lower
monality aond clinical fnikeres
rales when receiving exlended
infusions, Mo significan
differences in inpafient monal ity
rates, length of stay, or dinical
failure rotes. Palents receivi
extended infusion weaiment had
a shorer deration of fherpy

Continuous administeation of
betclactam anfibictics improves
PE/PD torget atioinment, with

an impravement in clinical cure



Journal of
J Antimicrob Chemother 2014; 69: 1162-1176 AntlmicrOblal

T D M q n fi m iC ofi C i doi:10.1093/joc/dkt 508 Advance Access publication 29 December 2013 Chemotherupy

Therapeutic drug monitoring (TDM) of antifungal agents: guidelines
from the British Society for Medical Mycology
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Table 2. Overall summary of the need for therapeutic drug monitoring when using antifungal agents (see individual tables for detailed
recommendations in specific indications)

GRADE quality of
evidence and strength Table with
Antifungal of recommendation® Prophylaxis Treatment Toxicity specific details

Itraconazole

evidence quality moderate moderate moderate Table 5
recommendation strong strong weak

Voriconazole evidence quality low high high Table 6

recommendation weak strong strong

Posaconazole evidence quality moderate moderate high Table 7

" o ong SOTorG againat
Fluconazole evidence quality high high high see text
recommendation strong against strong against strong against
Flucytosine evidence quality NA low moderate Table 8
recommendation weak strong
Echinocandins evidence quality high high high see text
recommendation strong against strong against strong against
Polyenes evidence quality high high high see text
recommendation strong against strong against strong against

. Table 3. Clinical circumstances that may favour the use of TDM
NA, not applicable. Y

Context Example Comment

Pharmacokinetic variability children, neonates, elderly, obese, organ dysfunction, critical pharmacokinetics of many antifungal agents
illness haemodialysis, haemofiltration, extracorporeal very poorly defined in special populations
membrane oxygenation, cardiopulmonary bypass

Changing pharmacokinetics physiological instability, critical iliness, diarrhoeaq, iv-to-oral
switch

Interacting drugs antacids, histamine antagonists, proton pump inhibitors and  drug-drug interactions well defined and
itraconazole capsules; agents known to decrease documented for many antifungal compounds
concentrations of triazoles

Compliance compliance may be a significant issue for

longer-term consolidation therapy or
secondary prophylaxis
Poor prognostis disease extensive or bulky infection, lesions contiguous with critical
structures (mediastinumy), CNS disease; multifocal or
disseminated infection
Persistent and/or significant prophylaxis versus established disease
underlying immunological
defects




TDM dk
Ptenziali Benefici, in sintesi

Ottimizzare la risposta terapeutica di ogni paziente;

Limitare la comparsa di tossicita legata al trattamento
farmacologico

Controllare il rischio di interazioni poli-farmacologiche

Evitare un accumulo di farmaco nel paziente con
insufficienza d’organo (fegato, reni);

Stabilire la dose ottimale di farmaco nel paziente
“atipico” (bambino, anziano, gestante, ICU ecc.)

Ottimizzare le risorse economiche
Fonte di materiale e dati per la ricerca



DM

Se il TDM e svolto da centri specializzati di Farmacologia Clinica
con finalita cliniche e diricerca (solo da una ventina di Unitd
Operative che in alcuni casi sono di piccole dimensioni)
seguendo precisi profocolli (fase preanalitica), si e dimostrafo
che vi sono significativi miglioramenti di diversi outcomes
importanti quali:

sIncidenza di reazioni avverse

Tassi di guarigione

Tassi di mortalita

Costi per il paziente

*Costi per la organizzazione sanitaria (farmaceutica, giorni di
degenzaq,..)

Tale impatto € ormai ben documentato per gli Aminoglicosidi ma vi
sono sempre piu evidenze di positivo impatto farmacoeconomico e
ferapeutico per antiepilettici, digossina, antidepressivi, anfipsicotici,
Immunosoppressori,antiretrovirall ed antitumorali

Scumacher GE, Barr JT. Economic and outcome issue for therapeutic drug monitoring in medicine.Ther Drug. Monit. 1998;20:539-542

Scumacher GE, Barr JT. Total testing process applied to therapeutic drug monitoring: impact on patient’s outcome and economics. Clin Chem. 1998;44:370-374.

Rane CT, Dalvi SS, Goptay NJ, Shah PU, Kshirsagar NA. A pharmacoeconomic analysis of the impact of therapeutic drug monitoring in adult patients with generalized tonic-clonic epilepsy. Br JClin Pharmacol
2001;52:193-195.

Destache CJ, Meyer SK, Bittner MJ, Hermann KG. Impact of a clinical pharmacokinetic service on patients treated with aminoglycosides: a cost-benefit analysis. Ther Drug Monit 1990; £2:419-426.
Darko W, Medicis JJ, Smith A, Guharoy R, Lehmann DE. Mississippi mud no more: cost-effectiveness of pharmacokinetic dosage adjustment of vancomycin to prevent nephrotoxicity. Pharmacotherapy 2003;23:643-
650.
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Therapeutic drug monitoring for tomorrow
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e Banca dati

Le concenirazioni misurate, se associate a dati clinici ed alire
informazioni sul paziente, potrebbero essere salvate in Banche
dati specifiche con fini clinici e diricerca potendo fornire
importanti informazioni di PK e PD individuali e di
popolazione/sottopopolazione.

e Biobanca

Aliquote delle matrici (siero, plasma,sangue intero,....) utilizzate
per la misura potrebbero essere conservate sistematicamente
a scopo diricerca soprattutto per la identificazione e
caratterizzazione di biomarker di efficacia terapeutica e
tossicita/ADRs
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Fig. 2 Dose—concentration plot used in clinical routine to present
results from a TDM analysis of amitriptyline (47) and its metabolite
nortriptyline (NT). The current sample (large circle) is presented
against a backdrop of previous analyses performed at the laboratory.
Grey area Recommended therapeutic interval

Fig. 3 Atazanavir time—concentration plot used for graphical presen-
tation of an individual TDM result (large circle) against a backdrop of
concentrations from previously analysed samples. The minimum
recommended trough concentration 1s indicated by a dotted line

become accessible. For example, data from 70 000 routinely
measured concentrations of immunosuppressants analysed
at the Karolinska University Laboratory were recently used
to demonstrate a cyclic variability in the concentration-to-
dose ratio, thought to reflect seasonal variation in CYP3A4
activity. The magnitude of the effect was small compared to
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2012, around 63,000 TDM analyses were performed at
Karolinska Huddinge, covering more than 100 different phar-
maceutical entities. In addition, the laboratory carried out
genotyping of 1,600 patient samples. Over the five decades
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Commercial name Abbreviatio Class Iliness

n
Ziagen, Kivexa (o Epzicom), ABC NRTIs HIV
Amikacing Teva AMK Antibiotics Infection
neuraleptic -
e.q. Abfs, Lasedin, Mokodip, AML Antihypertensive (Calcium  Hypertensio
Norvase, Bivis, Duatens antagonist) n
Amphatericin-8, Fungilin AMB Antibiotics infection
Agenerase APV Pis HIV
Ecalta ANID Antifungals Infection
neuroleptic B
Reyatoz ATV Pis HIV
e.g.: Atenal, Tenormin, Carmian, Hypertensio
I : ATE Antihypertensive {B-blocker)
Subutex BUP oploid addiction Tox
Caspofunain, Cancidas CASP Antifungals Infection
Ceftaroline Fosamil, Teflaro CFTR Antibiotics infection
Glazidim, Spectrum CFZD Antiblotics Infection
Zevtera CEFTOD Antibiotics Infection
Rocefin CFTX Antibiotics Infection
neuraleptic .
neuraleptic .
e.q.: Igroton, Eugres, Target, Hypertensio
e CHL Antihypertensive (Diuretic) i
< < Endogen compound <
Ciproflaxacin CIPRO Antibiotics Infection
e.q.: Catapresan CLN Antihypertensive (o2- Hypertensio
neurcheptic -
Tybost/Stribiid CBT Booster HIV
Colimicing cou Antiblotics Infection
Doklinea DAC DAAs HCY
Cubicin DAPTO Antibiotics Infection
Prezista DRV Pis HIV
Exviera DBV DAaAs HCW
Sprycel Das TKls Leukemia
neuraleptic .
neuroleptic .
Tivieay DLG s HIV
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artagonist) n
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Pis HIV
Antibiotics Infection
Antiviral infection
Antiblotics infection
neuroleptic .
Antilynartensive (Olreticy (RS RUAD
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Antibiotics Infection
Antifungals infection
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Antifungals Infection
MATIs HIV
Endogen compound <
DAaAs HCWY
Antibiotics infection
nauroleptic -
Antibiotics Infection
Pis HIV
CCR5I HIv
neuroleptic -
Antibiotics Infection
sintetic oplokd Tox
Antiblotics Infection
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Distribuzione % FARMACI LUP 2017
Potenziale Implementazione 2018 (HPLC)

Distribuzione % farmaci refertati LUP
S.Anna
2017

G,
16\ 15% W FAE
1% .
\ M Litio
M IS
M Digossina

' M Metotrexate
Teofillina
Vancomicina
20%

6%

e Antibiotici:
Daptomicina, Streptomicina,
Linezolid, Levofloxacina,

Ciprofloxacina, Gentamicina,

Amikacina, Teicoplanina,
Piperacillina, Tazobactam,
Meropenem,....

e Antimicotici:
Posaconazolo, Voriconazolo,

Itraconazolo-OH
Itraconazolo,....

e Antiretrovirali:

Atazanavir, Ritonavir,
Efavirenz, Lopinavir, ...

Antiaritmici........... .



Per concludere

Il TDM e un potente strumento analitico/clinico
ed e uno dei pilastri della moderna medicina di
precisione.

Trova gia gia numerose applicazioni ed avra
delle enormi potenzialita sia in termini clinici
che economici solo se correttamente applicato ed
interpretato all’interno di un contesto scientifico

multidisciplinare dove i diversi professionisti
cerchinodi.............. parlare la stessa lingua!



GRALIE

Dedicato al referto di laboratorio

“Tutti ti valutano
per quello che appari.
Pochi comprendono
quel che tu sei.”

(Niccolo Macchiavelli ;nato a Firenze 3 maggio
1469, morto a Firenze 21 giugno 1527)
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