44
d4neoteryx

The promise of microsampling, delivered

Application of Mitra Microsampling for the quantification of
antibiotics: possible use for therapeutic drug monitoring in
pediatrics

Giuliana Cangemi

U.O. Laboratorio Centrale di Analisi
Dipartimento di Medicina Sperimentale e di Laboratorio

Certificazione 1SO 9000 n 1T231277
Accreditamento Joint Commission International dal 01/12/2007

otitute Crannina Caslies




Sotitute Crannina SGailve




G.Cangemi —Application of Mitra Microsampling for the quantification of antibiotics: possible use for therapeutic drug monitoring in pediatrics

Why do we need to measure antibiotics levels in children?

For the individualization of antimicrobial therapy, especially in critically ill patients

C. Adembri, A. Novelli. Clin Pharmacokinet. 48 (2009) 517-28.

R. Admiraal, C. van Kesteren, J.J. Boelens. Arch Dis Child. 99 (2014) 267-272.
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Bad Bugs, No Drugs: No ESKAPE! An Update
from the Infectious Diseases Society of America

Clinical Infectious Diseases 2009;48:1-12 Clinical Infectious Diseases 2009;49:992-3

© 2008 by the Infectious Diseases Society of America. All rights reserved. © 2009 by the Infectious Diseases Society of America. All
1058-4838/2009/4801-0001$15.00 rights reserved. 1058-4838/2009/4906-0031$15.00
DOI: 10.1086/595011 DOI: 10.1086/605539
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Staphylococcus aureus : percentage (%) of Invasive (blood and cerebrospinal fluid) Isolate
resistant to meticillin (MRSA), EU/EEA, 2012

Epidemiological stages, 2014-2035

Countri t =] cutbreaks (Stage 2b)
== No case reported (Stage o) == Regional spread (Stage 3)
Sporadic occurence (Stage 1) - [nterregional spread (Stage &)

Single hospital outbreak (Stage 22) W Endemic situation (Stage ) o

SGtituto Grannia Gailv




G.Cangemi —Application of Mitra Microsampling for the quantification of antibiotics: possible use for therapeutic drug monitoring in pediatrics

In the absence of/waiting for new drugs...

PK and PD relationships of antibiotics need to be explored in children

Cmax/MIC aminoglicosides

l

* linezolid .
= vancomycin PK/PD correlations
E @0
g beta-lactams:
2w iperacillin-tazobactam
§ zidime
)
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Hours

Andes D. Infect Dis Clin N Am 2003;17:635-49



G.Cangemi —Application of Mitra Microsampling for the quantification of antibiotics: possible use for therapeutic drug monitoring in pediatrics

- Chrarges i Mot odic Capaciy t Inge e Des dogment
-y :

0 2 B tvas r1

|0 4 | RS ‘
LA B ot - ‘ _ |
10 mre "
04 Tecuw ‘ |
s '
/ b ===

:._‘_u_llu' l \ // ':'.:":;',’.'.{l_ﬂ_n-—‘__m-___j

P omage uf Adult Activny ™

"wan R ANy ALr |

Weww A vam
e manb

-t l--

Az

B Developraurtel Therge im Distsileliors Stin o A qais b of Romal “ustion

- | U >
| et £ i
) ."\‘\ e E: - JD:;::::: ,". - \"0..‘ 3
:i - ’ gy S "‘."\‘ {: l s‘i
E =3 . 7 " 5:;
2 -
'j - M ig / P _;
E > j - E i [ / PLLITEE RIS TV B o
- » ~e 1 au ?
e, i
o ) R R R R R
~' My A » —;' " - -
< Quinge = Gantroaw sbind Famctim
= [ I
[0 Mot dwowm
s Il ot and aaly ragt
§ B vt g o gt
5 in- I tewere CoAl
1
%
. 1
E lldll NEJM 2003; 349: 1157-67
a1 BB
B . 2w L L I e

| ' b

SGtituto Grannmea Gailie




ﬁ.mﬂw -\u'l|'|.‘l.|‘-_llll.ll'\'\|'r_-ﬂ'-ll:'lr\-ﬂ".‘lﬁ_"l:l 15 aathie a e of Jaln e d :IMI.'FI.I'\-PI RN e D el W I'I'Ll_'l.ldl'l_:-

TDM in pediatrics: critical issues

J The criteria for monitoring drugs in children are the sarme as those for adults but several
additional factors must be considered.

Different clinical pharmacokinetic {ADME] and pharmacodynamic
o  parameters from adults,

S Off-label use of drugs: approximately 10% of all drugs prescribed are for children

Co-medications: the average number of drugs administered in neonatal intensive care units to
premature infants < 1Kg is usually in the range of 15-20; infants <2.5 Kg usually receive 4 -10
drugs during their hospital stay.

Drug concentrations in many of these patients need to be monitored by the
labaratory, and the possibility of drug interactions needs to be considered.
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Availability of a reliable analytical method

“General” requirements

High specificity

High sensitivity

High accuracy

High reproducibility

High throughput
Fast turn Around Times

Low costs

N SN SN S LKL
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“Special” requirements for pediatrics

/ Higher sensitivity due to the low volume of available samples
(especially for very low birth weight infants)

A dynamic range that can accommodate a wide range of analyte
\/ concentrations in a heterogeneous patient population that ranges
from O to 18 years

\/ Sufficient robustness to withstand the non-standard matrix effects
encountered in hemolytic, lipemic, icteric, and hyperuricemic samples

\/ Possibility to use “non conventional matrices”: dried matrices, saliva, cerebrospinal fluid...

Sititulo Giannina Gaitind \W’%
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The answer is:

Microsampling coupled to LC-MS/MS!
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VAMS- LC-MS/MS assay for the simultaneous quantification of four antibiotics in human blood:
piperacillin-tazobactam, meropenem, linezolid and ceftazidime.

Method development, validation and comparison with dried blood spot

Sebastiano Barco, Elio Castagnola, Andrea Moscatelli, James Rudge, Gino Tripodi and Giuliana Cangemi.

Submitted to Journal of Pharmaceutical and Biomedical Analysis
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\\ +200 pl MeOH
+50 pl H,0 ‘ . o
10 min sonication

10 min37° C
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VAMS-LC-MS/MS method validation following EMA** and FDA*** guidelines

by using cal and QCs at HCT 45%

Selectivity

Carry over

Matrix effect and extraction recoveries
Linearity

Precision and accuracy

LLOQ
Short term (72 h) and long term (one month)stability of QCiow, and QChigh 25° C, 4° Cand-20° C

Freeze-thaw sample stability (three freeze and thaw cycle)

Stability of extract samples was calculated after maintaining extracts at 25° C for over 24 hours

S SN S SN << << < <

Stock solution stability

**Guidance for industry: Bioanalytical Method Validation. US Department of Health and Human Services, Food and Drug Administration,
Center for Drug Evaluation and Research (CDER), Center for Biologics Evaluation and Research (CBER), Rockville, USA (2013).
*** Guideline on bioanalytical method validation, European Medicines Agency, London, UK (2011).
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Validation results (1)

Tahle L Eesultz of mahrix effect (E ) and exdrartion recovery (ER ] experimwents at HCT 45%

Drug WAME DR f

0 Ce Qg Qe G C e
EE: ME: ER: ME ER¥: ME# EE: MEY:

Diperacillin =] g an oy a7 a3 ] Sl
Tamobacta ag 01 23 110 a0 ] Al o0

Lxwzolid L 111 a3 AN T4 105 T L
Tuler ottty =] N Ta 2 an 107 43 o3
Cefta zidire 103 104 Eis] oy a5 110 WK a6
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Validation results (2)

Table L Eesulis of arcuracy and precision obtained for VAR S and DBS at HCT 46 %,
{ CV=coefficiend ofvariation, E %= nwan relaiwre armorl

Drug oc VANS DES
Intra-aieanyr tur-ase sy Itz arv iy Indr-ac 2y

BV R B[R BWR) B CWR) K CWE) B
LI 53 w9 42 W60 42 W95 a6 1111
N = 29 1017 32 028 33 WSl 34 185
Plperaciliin e 26 054 136 040 32 1014 96 M35
X, 107 Wes 104 2@ 75 W01 10l 1M
LIoD +7 173 78 157 s 112 43 981
Tascbactam = i 66 821 %2 s L& 102 51 163
Eewe 28 251 21 920 35 9aF 59 1MA
e 24 W3 62 976 S8 9T& 9% 101D
LICo 57 166 23 §l6 W9 143 &3 1Ez
. .. 25 1018 32 850 20 W7D 20 1054
Linezold e 61 ™1 7T 970 27 9&2 70 1Ml
Ot 49 1F3 95 093 51 950 82 978
LI 167 185 106 142 67 240 90 827
= i 67 1064 91 935 13 8B4 45 909
Bl openem o, 54 @D 71 Ws3 6F  Was 15 1S
X, 21 D 97 936 53 101 Iz 1076
LICD 35 17 21 157 58 1155 23 1109
.. Q.. 44 91D 06 850 55 1127 23 110l
Ceftazidine e 48 TEA 53 952 15 995 99 BT
= 4 81 32 9TE 71 SR 33 995
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Influence of HCT on accuracy

Table 3 Additional sets of calibrators at different HCT 9 (30, 40, 50 and 60) analyzed by vsing a calibration curve obtained at HCT 45 %.
The percentage difference between nominal and calculated values of calibrators are shown.

b VAMS DBS
TuE 30 I 4= =0 0 30 0 45 50 60
53 74 07 56 08 09 50 77 75 T
62 8 10 30 T1 148 -1L5 51 a1 359
03 0.0 62 A7 04 09 -15.0 68 136 pal’
Piperacillin -LE 40 60 02 20 151 a4 105 712 0.1
43 20 -33 06 24 7 142 09 01 g
23 EY 65 S04 46 182 08 44 141 354
05 07 18 29 05 1R -16.3 10 5.1 120
T iE Y a0 104 LS 04 &7 i 500
24 s 05 1.0 109 S165 -25.2 74 9.9 23
432 155 114 &3 67 3 S183 _54 a0 L3
Tuzobactam 105 134 105 54 .92 300 (166 L6 157 np
19 a2 L8 17 .30 U7 -1L5 48 128 75
49 10 42 24 11 179 10 67 73 g
oy Y 08 14 49 24 142 10 43 48
170 03 50 LT 102 TR 0 (5] T 3]
5.1 75 A3 72 72 12 -10.1 03 150 08
64 EY -18 15 .58 05 50 16 16 91
Linezolid 54 30 44 04 28 64 12 32 W7 3
&3 4 20 77 -39 -108 a8 18 162 02
109 30 08 218 .57 121 -38 19 48 70
13 30 02 L3 12 152 301 03 231 5
yy 6 120 0E i 105.9 T a3 e 173
%0 LY 103 L1 TR 11 14 3 62 %3
19 24 -80 a0 40 67 166 1L -154 0.9
Meropenem _30 &E 03 L1 116 S182 120 137 W4 44
10.0 44 -19 &2 124 09 137 126 73 0.1
130 71 55 o5 &1 192 6 1.0 1.9 3.0
25 44 08 06 A% I -15.8 -4 32 £3
Celtaidime 02 T3 04 14 ) 510 74 1.5 79 ol
104 IT: 42 24 L5 S15.1 366 2 1.8 705
40 -120 L6 D8 72 140 100 148 746 ad
160 40 40 56 40 157 303 50 66 504
Py &2 62 45 99 52 a2 11 03 75
L5 54 93 39 -89 74 12 -35 127 U7
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Percentage difference between the concentrations obtained by analyzing calibrators in DBS and
VAMS at HCT 30, 40, 45, 50 and 60 and calculated by using calibration curves at HCT45%.
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Analysis of clinical samples

T ahle 4 Results obtained analysing clinical samples,

Samaple VAMSE DES Plasna HCT
1 T 43 3 44.6 324 Coftamidim e
2 5248 T459 g3;23 £ Iergpetiam ; Liwezolid
3 AT 3 .1 811 284 Ceftazidime
4 3035 4 42.5 264 Ceftazidime
5 an 45 12.5 41 Lirezalid
6 23 119 ar zl2 Liremalid
7 24 32 25 zl2 Liremalid
2 =205 <06 <06 360 Linezolid
o 102.4; 17.0 1435, 257 1o0.00; 257 315 Pperacilliy; Tamdbactam
10 <0n <05 <05 393 I operem
11 na 1 19 a4 e operem
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Points of strenght

Robustness: the method is robust for the quantification of antibiotics from 10 uL blood
No influence of HCT on accuracy, recovery and matrix effect

Unique analytical procedure for the measurement of four antibiotics
(advantage for routine analysis in terms of TAT when different samples for different patients and drugs must be
test, or in the case that some of these drugs are co-administered)

Applicable to clinical samples

Short term (72 hours) stability of the 5 drugs in VAMS at +4° C: management and shipment without dried ice
(cost savings!).

Short term (72 hours) stability of 3 drugs (excepted ceftazidime and piperacillin) in VAMS at RT
Long term (1 month) stability of the 5 drugs in VAMS at -20° C

e
s & ;)

- : l{ s
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Pifalls

Short term (72 hours) stability: not all antibiotics in VAMS are stable at RT!
(delivery and storage at RT are not possible for piperacillin and ceftazidime!)

Long term (one month) stability: only at -20 ° C...

Very few clinical samples were analyzed

No “real life” samples directly from heel or finger were obtained and analyzed
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Conclusions

The applicability to a routine TDM setting requires further steps!

1) Whole blood vs plasma: It is necessary to interpret the drug concentration converting the
information obtained in whole blood to plasma matrix on which the majority of reference
ranges are established (so-called “HCT effect”?)

2) Capillary vs venous: A comprehensive clinical validation with analysis of paired clinical samples in
VAMS, venous blood and plasma samples is necessary to assess any difference between
capillary blood from finger or heel pricks and venous blood.

Nevertheless

v It is important to have fully validated methods for several molecules on alternative matrices

v The VAMS-LC-MS/MS method that we describe could represent a useful alternative
sampling strategy to be used in neonatal intensive care units where samples could be
more easily obtained from heel pricks and easily transported from remote sites to
tertiary care centers able to perform analyses by LC-MS/MS.
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INFO:
Istituto Giannina Gaslini

Clinical Pathology Laboratory Unit
Chromatography and Mass Spectrometry Section

Tel. .+39-010-56363289

giulianacangemi@gaslini.org




