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“_omics”

Complexity

Biological Age

Body Composition
Exogenous biomarker

Age
Weight

Serum Creatinine
Cystatin C

Simplicity 1.0 Simplicity 2.0

Lower Utility st Higher Utility

Aiming for simplicity on the other side of complexity

— Oliver Wendell Holmes
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The Problem

Covariates

T populations we study and the

There is a gap between the

populations we treat

FNTE |

PK Model _{- PD Model




Obesity Trends Y
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Source: WHO, 2016

Data source: NCD Risk Factor Collaboration 2016, WHO
Global Health Observatory 2022, World Obesity Atlas
2023

Obesity is associated with diabetes, hypertension, cardiovascular disease,

cancer, and can impact the therapeutic outcomes associated with infection
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Medication Use T,

UNIVERSITY OF MICHIGAN

Percentage of respondents taking prescription drugs
0 5 10 15 20 25 30 35 40

Cardiovascular agents L -
Metabolic agents - =
Central nervous system agents - =
Gastrointestinal agents = =
Respiratory agents -
Psychotherapeutic agents = u
Hormones/hormone modifiers L
Topical agents L
Anti-infectives »

Coagulation modifiers =n = [
Antineoplastics ® Without Obesity Obesity

Barrett et al. PLoS One (2022)

Lack of obesity representation in clinical studies/trials

* Most drug product labels lack dose adjustment guidance for patients with

obesity
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Regulatory Approach ey
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Exposure-Matching Strategy for Patients with Obesity
Model-Informed Precision Dosing

body l Concern _{ 7P F;K_ —-‘
weight 2P |
o ‘ '
§ Therapeutic 4{ il ‘ Supporting L
9 Window (TW) 4{ ER ‘ Efficacy/Safety Selection/
& : Assessment Optimization
| ; { PBPK ‘
Obese Insufficient —{ QsP ‘
efficacy ‘ ‘
MBMA
l Disease Mode| ‘
Weight- Appropriate Insufficient dose g
based dose scaling scaling —l Clinical Trial Model ‘

Pan et al. J Clin Pharmacol (2023)

American College of Clinical Pharmacology Call for Action (2023)

» Learn and characterize the * Include participants with obesity in
effect of obesity on the PK, PD, clinical trials/studies.
efficacy, and safety of drugs, * Include dosing information in relation to
leveraging applicable MIPD body size descriptors in drug labels
tools. when appropriate to guide their safe use



The Paradigm i
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~ > :
BUT: CHOOSE 1\i'i,'|_E|_"lr -

Fixed Dosing Weight-Based Dosing Body Surface Area-Based Dosing

Paclitaxel
iniecion, ISP
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The Risks & Costs
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Fixed Dosing Weight-Based Dosing Body Surface Area-Based Dosing
TMreatment Failure T Toxicities T Treatment Failure
Obese Patients Obese Patients Obese Patients
Drug Waste S Drug Waste S

| g

Use an Alternate
Weight Descriptor

Use the equation
correctly

Ideal Body Weight Don’t always cap the dose
Adjusted Weight

Dosing Weight
Lean Body Weight

12/12/2024




Alternate Body Size Descriptors ML | v, ...

Body Size Descriptor Sex Equation
Weight Male or Female | None, measured in kg
Height Male of Female | None, measured in cm or inches
Height i 2
Body Mass Index Male or Female Weight in kg/( elglogn Cm)
Body Surface Area (BSA)' Male or Female V(Weight inkg x Height in cm)
3600
Male 50 + 2.3 X (Height inches - 60 inches)
|deal Body Weight (IBW)? — :
Female 45.5 + 2.3 X (Height inches - 60 inches)
Adjusted Body Weight (AdjBW)* | Male or Female IBW + 0.4 X (Weight - IBW)
_ Male (9270 x Weight in kg)/(6680 + 216 X BMI)
Lean Body Weight (LBW)*
Female (9270 x Weight in kg)/(8780 + 244 x BMI)

1. Mosteller et al. N Engl J Med (1987)

2. Devine et al. Drug Intell Clin Pharm (1974)

3. Bauer et al. Eur J Clin Pharmacol (1983)

4. Janmahasatian et al. Clin Pharmacokinet (2005)

12/12/2024 10




Common Approach in the Clinic MM | PHARMACY
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Use of a piece-wise function to define dosing weight through a combination

Of total body weight (TBW), ideal body weight (IBW) , and adjusted body weight (AdjBW)
TBW if <IBW

IBW if TBW<1.25 x IBW

AdjBW if TBW=1.25 x IBW DW= 3 x TBW?0-72

268

()

W

Dosing Weight (Kg)

!

T T T
0 50 100 150 200

95% CI — Fitted values- weight
Fitted values- Dosing weight

Total Body Weight (Kg) 11
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Similar to Allometric Scaling PHARMACY s

Meeh (1870)

Max Rubner Area = K x Weight?/3 Max Kleiber
(1883) (1932)
5 7 S
5 8]
: :
& 2 a
5 H 5 -
':E < S| ~0.67 2/3 ':E s
0 H ope ~0.67 or2/ 00 - Slope ~ 0.75 or 3/4
gL S |-
Log [Body Weight] Log [Body Weight]

Rubner M (1883). Uber den einfluss der kdrpergrosse auf stoff- und kraftwechsel. Zeit. Biol. 19, 536-562.
Kleiber M (1932). Body size and metabolism. Hilgardia 6, 315-353.
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25 years of Work
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m Current Dosing Method Improvement Suggested

Vancomycin Weight-Based
Daptomycin Weight-Based

Telavancin Weight-Based
Voriconazole = Weight-Based
Anidulafungin Fixed-Dose

Levofloxacin Fixed-Dose

Meropenem Fixed-Dose

Linezolid Fixed-Dose
Oseltamivir Fixed-Dose
Ceftaroline Fixed- Dose
Tigecyline Fixed-Dose
Tedizolid Fixed-Dose

Capped Dose, Kidney Function Based
Fixed Dose

Fixed Dose
Fixed Dose (Genotype)
LBW - Based Dosing, Increased Fixed Dose

Higher Dose (Obese — Kidney Function)
Higher Dose (Obese — Kidney Function)

Kidney Function Directed TDM
No Change
No Change
No Change
No Change

Dosing can be improved but height and weight are suboptimal

12/12/2024
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EXAMPLE OF A
TRADITIONAL APPROACH
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: e : o : Weigh BMI distribution of I ici
Anidulafungin - first-line therapy for candidemia & invasive eight and Istribution of enrolled participants

(N = 20)
e 55 -
candidiasis %
=50 1
200 mg loading dose on Day 1 + 100 mg once daily maintenance £ 45 | o ® i
é‘lo l Obesity Class Il
dose § - 00 Obesity Class 11
. . . . = 1 *

* Akey feature of defining doses in a population - ensuring a % . Obesity Class |
wide distribution of individuals within identified covariate = %0. Overweight
groupings. 3 1 . o

« For anidulafungin, studies have primarily included normal- 20 ETiomm S
weight or class Il (morbid) obesity participants. 15 P T T T

40 60 80 100 120 140 160 180 200 220

Weight (kg)

We conducted a single-dose study across the BMI spectrum.
OFemale & Male

Observed anidulafungin concentration-time Geometric mean plasma concentrations of BMI categories
profile o
c 9 2 5 Underweight Subiects with
_% 4 1 E =MNormal ubjects wi
[ .
= ==(verweigh ity h
@ :.'-3 | Observed § Hele t obesity had
[ —=Central Trend B SRR L) decreased
8 E. : ] == besity Cass I
£ o = ——% % —Obesity Class Il anidulafungin
8 ° ' ' ' & exposure.
a. 0 20 40 60 80
Time (h) Time (h)

Publication: Antimicrob Agents Chemother. doi:10.1128/aac.00820-23




Body Size Correlations ARMACY
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Optimizing anidulafungin dosing

150 150 - 150

J 7 J %) J «

a0 " to " b0 "

£ 100 Mf £ 100 - @; £ 100 - c@%

< LI 3 o < %.,

o 01 R?=06151 o - R2= (0,818 o 01 [R=0.8409F

D D D

< < <

0 1 I 1 0 1 I 1 0 1 1 1

0 100 200 300 0 50 100 150 0 50 100 150
Total body weight (kg) Adjusted body weight (kg) Lean body weight (kg)

AdjBW and LBW had a stronger correlation with anidulafungin exposure (AUC) than total body weight.

1. Mosteller et al. N Engl J Med (1987)

2. Mosteller et al. N Engl J Med (1987)

3. Devine et al. Drug Intell Clin Pharm (1974)

4. Bauer et al. Eur J Clin Pharmacol (1983)

5. Janmahasatian et al. Clin Pharmacokinet (2005)




Covariate Fitting M | sideivacy
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Optimizing anidulafungin dosing Examining patient-specific factors' impact
on drug PK in a population. \

Population PK modeling: base model determination Population PK modeling: covariate testing
Compartment Model Error Model (Distribution) AIC RSE AAIC
Model AIC (compared to
One-compartment Constant (normal) 9225 OK Base)
Constant (normal) -82.41 OK Base model -97.69 0
Constant (lognormal) -95.01 OK Weight on CL -112.39 -14.70
Proportional (normal) -97.69 OK BSAon CL -118.55 -20.86
Two-compartment Proportional (lognormal) -92.91 Large AdjBW on CL -126.89 -29.20
W -
Combined1 (normal) -93.67 Large LE(XVB\OA? CL -127.02 -29.33
, j on i i
Combined1 (lognormal) -9546 OK CL, V. V,, Q 174.30 76.61
Combined2 (normal) -93.15  Large
| LBW on 175.35 77.66
Combined?2 (lognormal) -93.33  Large CL,V, V, Q

AIC, Akaike information criteria values; RSE, relative standard error AUC = DOSE/CL

Constant: Y=Y, +a X ¢

Proportional: Y =Y, +b X Y, X ¢ Lean body weight was a significant covariate on
Combined1: Y=Y, +(a+b XY, X ¢) all PK parameters and the LBW model fitted the
Combined2: Y=Y, + (a2 + (b X Y,)?)0% X ¢ data better than the total body weight model.




PK Centric Model Fit M | Firkinacy
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Optimizing anidulafungin dosing

Goodness-of-fit of the final population PK model (LBW on all PK parameters)

* Observed data
—_ Prediction interval
4 ° O 35 - :
o — Empirical percentiles
35 £ 5 Outliers
3 )/ _5 B Areas
g 25
c
§2_5 g The model
b= o 5 2
% 2 A g adequately captured
215 . £15
S 2 our observed
1 s 1
c anidulafungin
0.5 £ 05 .
S concentrations.
05 1.0 15 20 25 3.0 3.5 4.0 & 0 10 20 30 40 50 60 70
Individual predictions Time (h)
Dose used in the study Observed drug exposure
N Math model _ _
ew dose E— ) Expected drug (PK simulation)

exposure




Exposure Matching

Optimizing anidulafungin dosing

Simulated concentrations (mg/L)

LBW 50 kg
Day Day Day
1 2 3

LBW 75 kg
Day Day Day
1 2 3
71.0

1 %

COLLEGE OF
M | PHinRviACY
UNIVERSITY OF MICHIGAN

Target exposure: AUC,, = 82 h-mg/L.

LBW 75 kg
Day Day Day
1 2 3

95.6

X

1w
0&20 30 40\%60 70 '

Loading dose Maintenance
200 mg dose 100 mg

Current dose

0N\10 20 30 40\54 60 70
Time (h)

Loading dose Maintenance
200 mg dose 100 mg

Current dose

O\O 20 30 4% 60 70

Loading dose Maintenance
200 mg dose 150 mg

New dose




A Proposed Intervention M | Fiiiamacy
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Optimizing anidulafungin dosing

Probability of target attainment (PTA (%)) using Summary & Key findings

maintenance doses of 100 mg, 150 mg, and 200 mg. « Echinocandins such as

Current Maintenance Regimen Proposed Maintenance Regimen amdU|afung|n are fixed dosed

LBW (kg)

Daily Dose (mg)  PTA (%) Daily Dose (mg) PTA (%) without adjustment for body
30 100 100 100 100 weight.
40 100 100 100 100
50 100 99 100 99 * Our findings show that exposures
55 100 93 150 100 decrease with increasing body
60 100 80 150 100 size.
70 100 34 150 100
80 100 9 150 100 : . :
« We identified a pragmatic
90 100 1 150 96 T
approach to dose modification in
100 100 0 200 100 _ _
adults with obesity that should
110 100 0 200 100

be tested prospectively.

ASSUMPTION : The target exposure is AUC, ., 2 82 h-mg]/L.




Imprecise Classification Mo .

Measure for measure
j 21\::?h1::£t:zt?::|;utf:n BOdy Mass Index (BMI)
Height 188cm lead to an early death ° Slmple tO COmpu te
grmnﬂ:rzenegger Height 154cm _‘-‘“‘a i NOt a perfeCt indeX
especially at the extremes of
height
« Cannot distinguish fat from
lean mass
* Global standard , 230 kg/m?

Ideal Body Weight (IBW)
 Based on height and gender

 Simple rule

: * Used in pharmacokinetic
-~ studies, >20-30% above IBW

12/12/2024 World Health Organ Tech Rep Ser. 1995; 854():1-452.



Diverse Phenotypes Siancy
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Body
Composition
and Obesity
Phenotypes
Normal Nonsarcopenic Sarcopenic
weight Athlete Obese Obese
BMI (I-cgfmg} 18.5-25 =30 = 30 = 30
Fat Mass MNormal Decreased Increased Increased
Lean Mass MNMormal Increased Increased Decreased
Cardio - :
5 Mild Severe
Respiratory Normal Increased  ynhairment? Impairment?

Fitness

12/12/2024 Trobec K, et al. PLoS One. 2013 Nov 8;8(11):e79603.




Can we do better than
height and weight?

12/12/2024 23




The Pitch M | Prisginncy

Alternate Dosing Scalars Are Needed
@




Repurpose CT Scans PHARMACY
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Dr. Stewart Wang
International Center for

Automobile Medicine
Morphomics Analysis Group
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Analytic Morphomics M | Fisiiuacy
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Cetazolin Surgical Prophylaxis M |diciney
<120 kg
il Current Standard__ 2
it

| 2120 kg

¢4

I
1
R -.s‘ L]

'LI ¢I

1 [ &
1

TRisk

........... ’ Proposed Approach
.......... Morphomic

Proposed approach to lower surgical site infection risk in patients with obesity

fi{tteee

e nBIEIbI

Surgical Site Infection Rate

Compare morphomic metrics Develop a Pilot and evaluate the
to standard body-size pragmatic dosing effectiveness of this
measures (weight and BMI) as » algorithm based on morphomic-based
predictors of plasma and morphomics and precision antibiotic
surgical site tissue patient variable prophylaxis

concentrations.

12/12/2024 AHRQ RO1HS027183 27
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Optimizing cefazolin dosing

Colorectal surgery patients with CT scans (n = 58)
Blood, subcutaneous fat, and colon tissue samples

Two-compartment model

Peripheral
Compartment
v,

Q“

v
Central

D CL
0% Compartment ———

(Plasma) V,

Csubcutat(t) = PR X Cp|asma(t)POW

4
Subcutaneous
fat

PR, plasma-to-subcutaneous fat partition ratio
POW, power function that allows the PR to
change with plasma concentrations.

Covariate testing

Traditional body size descriptors, 36 unique

morphomics variables, and estimated kidney

function (eCLcr)

« TBW, BMI, BSA, LBW, IBW, AdjBW etc. —
not significant

PopPK modeling identified key covariates:

« eClcronCL

* L3 body depth on plasma-to-subcutaneous
fat partition ratio (PR)

t Body depth
Skeletal muscle area
Visceral fat area
I Subcutaneous fat area

s M



Optimizing cefazolin dosing M | PHinRviACY
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Target: achieving a subcutaneous fat conc = 2 ug/mL for 4 hours of surgery time.

Virtual patients PK simulation
with different body depth and kidney — * Who needs a dosing adjustment?
function * How to adjust the dosing? (infusion time, dose)

Probability of target attainment

. [ ] 2000 mg (5 min infusion) ) .
Normal weight & w 180 Severe obesity &

hyperfiltration § <60% w hyperfiltration
® 150 Less drug distribution in
3 bcutaneous fat & more
3 120 - 60- 90% su
O — drug eliminated from the
cC C
£ E 90- body
§ 3
5 £ 60- >90%

Normal weight @ 2 304 @ Scvere obesity &

& impaired & w impaired kidney
kidney function E 0- function

I I 1 T 1
200 250 300 350 400

Body depth (mm)




Testing this Potential New Intervention MM | pHiARMACY
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Target: achieving a subcutaneous fat conc = 2 ug/mL for 4 hours of surgery time.

Probability of target attainment

2000 mg (5 min infusion) 2000 mg (30 min infusion) 3000 mg (5 min infusion)
o 180+ )
o i <60%
5 150- | —
3 120- 60- 90%
S | N
£ E 90+
8 -
5 £ 60-
©
()
T 30-
£
g 0

} T TI T T
200 250 300 350 400 200 250 300 350 400 200 250 300 350 400
Body depth (mm)

If eCLcr 2100 mL/min and/or body depth L3=300mm - 3 g
(less sensitive to infusion rate)
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Shuhan Liu, PhD

@ ; Abbvie Engineering a Type 2 Diabetes Precision
B | Drug Dosing Model
Probe Drugs  With T2D ' pm——————

]
| - ©
o & I Z:)
0 I
—
- [
= I » CYP1A2
§ > CYP2C19
I » CYP3A
Q : » UGTI1A1
o \ 7 1 Medication Safety
& Efficacy ‘.
@ Effect of Weight Loss on Absorption & Metabolism Drug development '

Study scheme. Two PK studies will be conducted before and after weight loss in obese patients with and without T2D using probe drugs,

Using a 4-drug cocktail to probe drug metabolism changes in patients
with obesity

P30 DK020572—MDRC Pilot Grant




Summaryv & future directions MM | priamwacy

Traditional models work Effectiveness of obesity treatments
overtime
5 . .
PK models with traditional body size . No intervention
descriptors can provide pragmatic
solutions. < 5
o -10
We can do better SRTYI \ S R I ¢ GLP-1AOM
8 <15 |- RN
Repurposing CT scans opens new E 20
dimensions in our exploration - 2
” 2 -25
granular body composition < / Bariatricsurgery
measurements. 030N
We can be more mechanistic 35 _FJ
-40
- 4
One-sample cocktail strategy for 0 1 2 3
efficient characterization of drug Time (year)
absorption and metabolism. GLP-1, glucagon-like peptide-1;

AOM, anti-obesity medications.
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ily, ke

Predictive [
Intervention /:ﬂ::.]

Lab
Results

Continuous
Learning from
Patient Population

\
‘ i @ Clinical

R\ Judgement
Bayesian
Analytics

()

Pharmacokinetic
Parametric Model
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Testing New Strategies
to Support Precision
Dosing
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Single Sample AUC e
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o,
4000 - - {ffr;},q

= ” High toxicit

& S~ E'-f}/{ g Yy
- = ~
| -
= c 5 ~
£, 3000 2’ 4 T
E g CCIQ&(} -
‘“—; c . "?';g,f?/l .
c 8
$ € 40
- = e 665 Optimal
{ o Q?‘?"'IL'L

=

S

B 3p

1000 = "';;_Ué-.sc__ |
" REQ'WL Y ik =
S — —
20 Low efficacy | P
0
200 400 600 800 5 6 7 8 9 10 M# 12 13
Dose (mg) Single Sample Collection Time Post-Dosing (h)

Figure 1. A, Simulated steady-state area under the curve of daptomycin (AUC,4;, <) across a wide dose range with a 24-hour dosing interval. The green region highlights
the optimal AUC range of 666 to 939 mg - h/L. B, Nomogram for daptomycin dose modification based on single sample plasma concentrations post-dosing. The 7 to 11 hours
post-dosing is the recommended time range for collecting a single sample. The green region highlights the optimal concentration range associated with an AUC of 666 to
939 mg - h/L. The upper red region highlights the high toxicity concentration range associated with an AUC >1174 mg - h/L (125% of 939 mg - h/L) where a dose reduction is
needed. The lower red region highlights the low-efficacy concentration range associated with an AUC <500 mg-h/L (75% of 666 mg - h/L) where a dose increase is needed.
The gray regions represent concentration ranges where monitoring is suggested.

12/12/2024 35
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Abbie Leino, PharmD, MS, PhD
¥ Assistant Professor
. Cincinnati Children’s

Volumetric Absorptive Sampling

Raceived: & foril 2024 | Revised: 20 June 2024 | Accested: 2 Juiy 2024

DOk 101 111 /bcp. 161 82

ORIGINAL ARTICLE

Clinical validation of two volumetric absorptive microsampling
devices to support home-based therapeutic drug monitoring of

Immunosuppression _—
Abbie D.Leino® @ | John Takyi-Williams®©® | Jeong M.Park®® | R »
Silas P. Morman ® | Duxin Sun?* | Karen B. Farris® | Manjunath P. Pail? 1 "

5 F
Upeqartment of Clrécd Phammacy College of 1 ]

Pharmacy, University of Mich igan. Ann Arbor,
naL USA

*Phamambinetic & Maxs Spectrometry Com.
College af Pharmacy. Universitya f Michign,
Ao Acbor, MLUSA

Wiision of Mephmiogy. Department of
intemal Medidne, Universty af Michimn, Ao
At ML USA

“Denastment of Prarmacetical Sdences.
College af Pharmacy, Universitya f Michizn,
Arn Arbor, MLUSA

Correspondence

Manurath P. Fal Phamacokinetic & Maxs
Spectametry Cam, College of Phasacy
Michigan, Ann Arbor, ML USA.
Jigmed umichedy

wichigan, College of Pharmacy.
v of Michigan, Rackham Predociom)

Aims: Dried blood volumetric absorptive microsampl es (VAMS) may fadlitabe home-
based sampling to enhance thempeutic drug monitoring after tansplantation. This
study aimed to clinically validate a liguid chromato graphy-tandem mass spectrome-
try assay using 2 VAMS devices with different sampling locations (Tasso-M20 for the
upper arm and Mitra for the finger). Patient preferences were also evaluated.
Methods: Qinical validation was performed for tacrolimus and mycophenolic add by
comparison of paired WVAMS and venipuncture samples using Passing-Babl ok regres-
sion and Bland-Altman analysis. Conversion of mycophenolic acid VAMS to serum
concentrations was evaluated using haematocrit-dependent formulas and fixed cor-
rection factors defined a priori. Patients’ pers pectives, induding useability, acceptabil-
ity and Feasibility, were also investigated using established ques ionnaires.

Results: Paired samples {n = 50} were collected from 25 kidney transplant redpients.
Differences for tacrolimus whole-blood concentration were within +20% for BS and
B88% of samples from the upper arm and fingerstidk, respectively. Using correction
factors of 1.3 for the upper-arm and 1.47 for finger-prick samples, B4 and 74% of
the paired samples, respectively, were within £20% for mycophenolic add serum
concentration. Patient experience surveys demonstrated limited pain and acceptable
useability of the upper-amn device.

Conclusions: Tacrolimus and mycophenolic acid can be measured using 2 common
WAMS devices with similar analytical performance. Patients are supportive of
home-based monitoring with a preference for the Tasso-M20 device.

KEYWORDS
dliinical validation, immunosugpression, volumetric absonptive microsamgling

Assessment of MODS and Personalized Exposures of Antibiotics
PediatRic sEpiS induCed MODS: Relationship of Immune-Phenotypes and AntiBiotic
Exposures Study (PRESCRIBE)

CHOP + MW: NICHD RO1HD103755, NICHD RO1HD110921
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Levi Hooper, PharmD (May 2023)
| CPTS PhD Student (3 year)

Repurposed Improved
_ CT contrast Patient
\ bolus Outcomes
Sepsis Treatment <P
) Jl
|_ "1 >
il il | |
Septic
X Enhanced AKI Precsion
Patient detection d051ng
(b‘\ I
[ am \ /
'-_l‘-j' .-“.. — oz ua wq
Blood LCMS Assay Ac:é:urate _rnGgR
Sample etermine

Creating Pragmatic Tools for Reliable Kidney Function Measurements in Patients with
Kidney Impairment

12/12/2024 Supported by a MICHR T32



Work in Progress

Simplicity 1.0 Simplicity 2.0

Lower Utility Higher Utility

THANK YOU
FOR YOUR ATTENTION

12/12/2024 38




The Team! x3 M iy,

Analytical Team

Bo Wen, Ph.D.
Assistant Director

Graduate Students

Erika Zucal,
MBA

Preclinical Team Admin. Asst.

Clinical Team
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