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Obijectives

* Review epidemiology and impact of obesity on infections in children
* Understand relevant physiological changes associated with obesity
* NOT look at a complex dosing table

* Become familiar with the state of the art

e Summarize strategies to guide dosing and advance the field



Definitions

* Age, sex-specific
e Uses CDC growth charts revised in 2000, based on data up to 1994

Category BMI% BMI z-Score

Lean <85 <1.04
Overweight 85 to <95 1.04 to 1.64
Obese >95 >1.64



Burden of pediatric obesity

>380 Million

WHO, 2021



Burden of pediatric obesity

2016
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Shifting demographic
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Clinical difference?




Infectious outcomes in obese children

e Osteomyelitis (Kyler et al, 2021)
* ~ double risk of surgical procedures
* 1 day longer hospitalization

 Post-surgical infections (Bechard et al, 2013)
e +/-increased rate of infections

 Sepsis (Maley et al, 2017)
* Increased organ dysfunction

* 0.6 days longer hospitalization
* Increased hospital charges
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Physiologic changes in pediatric obesity

8! Cardiac output +10-20% (L/min)

ﬁﬁ : 5 Organ volume +15%
() 2 GFR +30%

DME/Transporte




Effect of increased adipose on drug PK

Lipophilic drug =
Vd

Lipophilic drug =
CL




Lipophilicity and Vd
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Myopia
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Basic PK

e AUC = dose
CL

. __log(2)*xV4
t1/2 = -
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PBPK

Adults
Ghobadi et al, 2011

I

Children
Gerhart et al, 2022




Clindamycin PBPK
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TMP/SMX PBPK
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DNR PK in obese pediatric patients: PBPK

PK-SIM host model

Real population* |Standard Standard+ Obese Obese+
(Gerhart et al, 2022)

Lean 1.02 (0.84 — [0.71 (0.59 —

(n=38) 1.24) 0.87) - -

Overweight 1.53(1.24- [1.12 (0.90- (1.47 (1.20 — 1.12 (0.92 —

(n=17) 1.88) 1.38) 1.80) 1.37)

Geometric mean ratio (GMR) of the simulated : observed AUCs and the
90% confidence interval (Cl) of the GMR

*Thompson et al, 2014 Parkikh et al, ACoP, 2022



Enzyme activity in adipose tissue

Lean 1.14 (0.77-151) 158 (1.33-1.83) 0.46 (0.32-0.60)  0.61 (0.34 — 0.88)

Obese 1.33(1.25-1.41) 2.11(1.87-2.35  0.90 (0.66 —1.14)  1.09 (0.97 — 1.21)
P-value 0.37 0.02 0.02 0.02






Begin with a model
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The parametric approach




MAP-Bayesian Parametric model

Maximum a posteriori Bayesian probability

1

One version of the patient
Shrinkage towards population mean with sparse sampling
No probability of future success vs. failure



Non-Normal

Populations
Simulated population ()

Non-parametric estimation of
population values (©)

Size proportional to probability

The entire population is
accurately and precisely
described.
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NP MM Approach




Multiple Models
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A real patient

e 7 y/o who had a cerebellar brain tumor resected
* 25 kg, BMI 18.3 (92%), z-score 1.38 —> overweight/borderline obese

* Developed an infection of the cavity with MRSA (vancomycin MIC 0.5
mg/L)
e Repeatedly culture positive and continually febrile for a week

* Primary team dosing vancomycin up to 80 mg/kg/day divided every 6
hours (500 mg/dose)

* Typical doses are 40-60 mg/kg/day
* Highest trough was 7.7 mg/L. Target was 15-20 mg/L



Fit and plan

WgtAvg

140

\

H._Exm_.__ EmEtma

| ]
| I
0 [T} ]
[ap] o [aN] [N ] -—
WOJ [B1JUSI U UOIJRIUSIUOD

180 200 220

160

120
Time [hours]

100



Results
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Summary

* Lipophilicity is not predictive of needed dosing modifications

* PBPK for drug development and general dosing guidance
* More work needed on physiologic changes associated with obesity

* Pop PK with individual Bayesian control for patient care



Citations

e Bechard, LoriJ., Pamela Rothpletz-Puglia, Riva Touger-Decker, Christopher Duggan, and Nilesh M. Mehta.
“Influence of Obesity on Clinical Outcomes in Hospitalized Children: A Systematic Review.” JAMA Pediatrics 167, no.
5 (May 1, 2013): 476. https://doi.org/10.1001/jamapediatrics.2013.13.

* Bruno, Christopher D., Jerold S. Harmatz, Su X. Duan, Qingchen Zhang, Christina R. Chow, and David J. Greenblatt.
“Effect of Lipophilicity on Drug Distribution and Elimination: Influence of Obesity.” British Journal of Clinical
Pharmacology 87, no. 8 (August 2021): 3197-3205. https://doi.org/10.1111/bcp.14735.

* Gerhart, Jacqueline G., Fernando O. Carreio, Andrea N. Edginton, Jaydeep Sinha, Eliana M. Perrin, Karan R. Kumar,
Aruna Rikhi, et al. “Development and Evaluation of a Virtual Population of Children with Obesity for Physiologically
Based Pharmacokinetic Modeling.” Clinical Pharmacokinetics 61, no. 2 (February 2022): 307-20.
https://doi.org/10.1007/s40262-021-01072-4.

* Ghobadi, Cyrus, Trevor N Johnson, Mohsen Aarabi, Lisa M Almond, Aurel Constant Allabi, Karen Rowland-Yeo,
Masoud Jamei, and Amin Rostami-Hodjegan. “Application of a Systems Approach to the Bottom-up Assessment of
Pharmacokinetics in Obese Patients: Expected Variations in Clearance.” Clinical Pharmacokinetics 50, no. 12
(December 2011): 809-22. https://doi.org/10.2165/11594420-000000000-00000.

* Hall, Ronald G. “Evolving Larger: Dosing Anti-Tuberculosis (TB) Drugs in an Obese World.” Current Pharmaceutical
Design 21, no. 32 (2015): 4748-51. https://doi.org/10.2174/1381612821666150625120936.

* Khare, Manaswitha, Meredith B. Haag, Garrett Kneese, Jared P. Austin, Jeremy Perlman, Aniqa Azim, Carisse Orsi,
and Byron A. Foster. “A Multicenter Retrospective Study of Vancomycin Dosing by Weight Measures in Children.”
Hospital Pediatrics 11, no. 11 (November 2021): e289-96. https://doi.org/10.1542/hpeds.2020-004465.



https://doi.org/10.1001/jamapediatrics.2013.13
https://doi.org/10.1111/bcp.14735
https://doi.org/10.1007/s40262-021-01072-4
https://doi.org/10.2174/1381612821666150625120936
https://doi.org/10.1542/hpeds.2020-004465

Citations

e Kyler, Kathryn E., Brian R. Lee, Earl F. Glynn, Joel P. Waddell, Mark A. Hoffman, and Jennifer L. Goldman.
“Clinical Outcome and Antibiotic Dosing Differences by Weight in Children With Acute Osteomyelitis.”
Hospital Pediatrics 11, no. 10 (October 2021): 1112-20. https://doi.org/10.1542/hpeds.2021-005890.

e Kyler, Kathryn E., Jonathan Wagner, Chelsea Hosey-Cojocari, Kevin Watt, and Valentina Shakhnovich. “Drug
Dose Selection in Pediatric Obesity: Available Information for the Most Commonly Prescribed Drugs to
Children.” Paediatric Drugs 21, no. 5 (October 2019): 357—69. https://doi.org/10.1007/s40272-019-00352-8.

e Maley, Nidhi, Achamyeleh Gebremariam, Folafoluwa Odetola, and Kanakadurga Singer. “Influence of Obesity
Diagnosis With Organ Dysfunction, Mortality, and Resource Use Among Children Hospitalized With Infection
in the United States.” Journal of Intensive Care Medicine 32, no. 5 (June 2017): 339-45.
https://doi.org/10.1177/0885066616631325.

* Natale, Stephanie, John Bradley, William Huy Nguyen, Tri Tran, Pamela Ny, Kirsten La, Eva Vivian, and Jennifer
Le. “Pediatric Obesity: Pharmacokinetic Alterations and Effects on Antimicrobial Dosing.” Pharmacotherapy:
The Journal of Human Pharmacology and Drug Therapy 37, no. 3 (March 2017): 361-78.
https://doi.org/10.1002/phar.1899.



https://doi.org/10.1542/hpeds.2021-005890
https://doi.org/10.1007/s40272-019-00352-8
https://doi.org/10.1177/0885066616631325
https://doi.org/10.1002/phar.1899

Citations

* Neely, Michael, and Stan Louie. “Obesity and Its Impact on Drug Therapy: Are We Ready for This Change?”
Clinical Pharmacokinetics 50, no. 12 (December 2011): 825-26. https://doi.org/10.2165/11597120-
000000000-00000.

* Neely, Michael N, Michael G van Guilder, Walter M Yamada, Alan Schumitzky, and Roger W Jelliffe. “Accurate
Detection of Outliers and Subpopulations with Pmetrics, a Nonparametric and Parametric Pharmacometric
Modeling and Simulation Package for R.” Therapeutic Drug Monitoring 34, no. 4 (August 2012): 467-76.
https://doi.org/10.1097/FTD.0b013e31825c4bab.

e Ross, Emma L., Justin Heizer, Mark A. Mixon, Jennifer Jorgensen, Connie A. Valdez, Angela S. Czaja, and
Pamela D. Reiter. “Development of Recommendations for Dosing of Commonly Prescribed Medications in
Critically Ill Obese Children.” American Journal of Health-System Pharmacy: AJHP: Official Journal of the
American Society of Health-System Pharmacists 72, no. 7 (April 1, 2015): 542-56.
https://doi.org/10.2146/ajhp140280.

e Smit, Cornelis, Sebastiaan C. Goulooze, Roger J. M. Briiggemann, Catherine M. Sherwin, and Catherijne A. J.
Knibbe. “Dosing Recommendations for Vancomycin in Children and Adolescents with Varying Levels of
Obesity and Renal Dysfunction: A Population Pharmacokinetic Study in 1892 Children Aged 1-18 Years.” The
AAPS Journal 23, no. 3 (April 11, 2021): 53. https://doi.org/10.1208/s12248-021-00577-X.



https://doi.org/10.2165/11597120-000000000-00000
https://doi.org/10.1097/FTD.0b013e31825c4ba6
https://doi.org/10.2146/ajhp140280
https://doi.org/10.1208/s12248-021-00577-x

Citations

* Srinivas, Nuggehally R. “Influence of Morbid Obesity on the Clinical Pharmacokinetics of Various Anti-
Infective Drugs: Reappraisal Using Recent Case Studies-Issues, Dosing Implications, and Considerations.”
American Journal of Therapeutics 25, no. 2 (April 2018): e224-46.
https://doi.org/10.1097/MJT.0000000000000401.

» Takahashi, Takuto, Angela R. Smith, Pamala A. Jacobson, James Fisher, Nathan T. Rubin, and Mark N. Kirstein.
“Impact of Obesity on Voriconazole Pharmacokinetics among Pediatric Hematopoietic Cell Transplant
Recipients.” Antimicrobial Agents and Chemotherapy 64, no. 12 (November 17, 2020): e00653-20.
https://doi.org/10.1128/AAC.00653-20.

 Thompson, Patrick, Heather E Wheeler, Shannon M Delaney, Rachel Lorier, Ulrich Broeckel, Meenakshi
Devidas, Gregory H Reaman, et al. “Pharmacokinetics and Pharmacogenomics of Daunorubicin in Children: A
Report from the Children’s Oncology Group.” Cancer Chemotherapy and Pharmacology 74, no. 4 (August
2014): 831-38. https://doi.org/10.1007/s00280-014-2535-4.



https://doi.org/10.1097/MJT.0000000000000401
https://doi.org/10.1128/AAC.00653-20
https://doi.org/10.1007/s00280-014-2535-4

Acknowledgements

» Past support from NIH-NICHD RO1 HD070996 (Neely), NIH-NIGMS
RO1 GM068968 (Neely), FDA U01 1FD006549 (Neely), NIH-NCI RO1
CA213129 (Mittleman), NIH-NIAID PO1 Al123036 (Drusano)

e Current support from NIH-NICHD RO1 HD107687 (Neely), NIH-NIAID
Al158530 (Rhodes)

* LAPKB - Walter Yamada*, Julian Otalvaro*, Rong Chen*, Alan
Schumitzky®*, Alona Kryshchenko*, Tatiana Tatarinova, Elliott Keeter,
Roger Jelliffe, Bob Leary, Mike van Guilder, David Bayard, Jay Bartroff

*Current



