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Objectives

Review importance of therapeutic drug monitoring for busulfan in
allogeneic stem cell transplantation

Describe our process for training and implementation of in house
busulfan pharmacokinetic monitoring

Apply knowledge learned to a patient case




Background

Busulfan is a bifunctional alkylating agent utilized during chemotherapy
conditioning prior to stem cell transplantation (SCT)
> Dose limiting toxicity is veno-occlusive disease/sinusoidal obstruction syndrome (VOD/SOS)
o Considerable interpatient variability in busulfan pharmacokinetics (PK)
o Narrow therapeutic index of busulfan systemic exposure

Individualized busulfan dosing should be considered depending on the regimen
and is based on harmonized busulfan plasma exposure unit (BPEU) using area
under the curve (AUC)

Significant advancements have been made over the past 30 years since initial
reports of busulfan therapeutic drug monitoring (TDM)



Background

TDM or PK-directed dosing of busulfan in SCT conditioning is associated with
improved patient outcomes

o I Engraftment rates

> J, Hepatotoxicity (VOD/SOS) rates

o ¢ Relapse rates in chronic phase chronic myeloid leukemia
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Background

Busulfan undergoes rapid degradation at room temperature
o Requires strict adherence to storage/shipping on ice

Turnaround time for send outs ~36 hrs vs. ~¥12 hrs after 15t dose with in-house
lab testing and PK analysis

In-house busulfan PK analysis eliminates the need to send out samples which
increases efficiency and accuracy of dosing recommendations

Potential over-dosing could lead to increased toxicities (VOD/SOS, seizure, etc.)
while under-dosing may reduce efficacy



Implementation and
Training



Implementation

* This was a multidisciplinary collaboration between lab, pharmacy,
and nursing teams at Baptist Hospital of Miami

* Laboratory

e LC-MS/MS technology procured to determine and analyze busulfan plasma
concentrations

e Busulfan lab order set created for ordering and reporting results through
electronic health record (EHR)

* Specialized equipment required for processing and storage of samples and
controls
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BAPTIST HEALTH SOUTH FLORIDA

I m p ‘ e m e n ta t i O n IV EVERY 6 HOURS BUSULFAN REQUISITION

o PATIENT INFORMATION
Patient Name:
CO n I n u e Medical Record Number: Date of Birth:
Actual Weight (kg): Genetic Sex (check ong): [1Male [ Female
Dosing Weight(ko): ____ Dagrosis: . o o
® N . Height (em): e ICDA0Code:
u rSI ng DOSE INFORMATION CONTACT INFORMATION
* Internal busulfan requisition form created Dsto o Dose Atending D
Dose Given(mg): FOR RESULTS CONTACT
Busulfan Manufacturer/Lot Number (if generic Busulfan): Verbal reportrecipient:
* Pharmacy Do Nambar et e T ) el
. e . Tota#of ragmen doses: e
* Software license for Phoenix WinNonlin DesiedTagetRange_____________(AUC)mgL |
. Dosing interval (check one): [ every 6 Oevery8
program purchased for PK analysis Oeveyt2  Clevey2s DRUG INTERACTIONS
.. it pa 0 Gy Dlarenson: ekorsotzce, Wocorror””
* End users completed training and W Every ¢ Hows BusullsDoe for TestDose | |iermonremiy, iz, Fosomain, Ay, 10
competency on program and calculations s ST ____ vk SepTios___| |0 S
Actual sample Collection Time  Initials ug: S—
End of Infusion Drug: Dateof lastdose:
* Administrative £ s 15 min Dol
End of Infusion + 30 min
. . . . . - h . CONDITIONING REGIMENS
* Proactive risk analysis completed to Y 7 Pty
comply with FACT requirements Endofisin + 4 hours Crasne Ohaies o
[0 Melphalan [ Other: o
* Standardized operating procedure (SOP) 1. s row a minmum of 6 mLofoodina darkgron op Lo (o g,
: wmgmxmdMaMMMbmm
and competency developed . Sond el sapaa bge o o wih oy of s Resion o, Sayles MUST b rcsted i el within 45 minues sher samgle drn,
5. Centrifuge at 4 °C. Separate plasma into a plastic tubs labsled with Patient nams, MR Number, Date, and exact fime of draw. Keep the samples refrigerated.

IMPORTANT:
- Accurate blood draw and infusion start/stop times are critical to busulfan PK analysis.
- Send 1o the Lab the orignal Requisition. A physician or designee MUST sign te requistion and contain all the information completed.




Process Workflow




PK Report
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Pharmacist Training

Objectives
o Explain the rationale for therapeutic drug monitoring for busulfan
o |dentify important drug interactions with busulfan
o Utilize the Phoenix WinNonlin program to determine individualized patient clearance
o Calculate recommended dose of busulfan to achieve the target AUC

Process
o Review of educational materials including literature and webinars
o Watch Phoenix WinNonlin demo
o Practice with patient case examples
o Complete and successfully pass internal competency assessment



Competency Assessment

General Questions
o Busulfan PK

o Drug interactions
o TDM range and harmonized units (AUC)

Patient Case Examples
o Knowledge of equations and calculations
o Unit conversions
o Software exercises
°o Interpretation of results

_ Administered dose 1
AUC, ..

CL

Personalized

dose =(CL x target AUC

_ AUC,..,
dosing frequency

Css in ng x dosing frequency in hours
mL _ AUCin mgxh perdose

1000




Patient Case



Patient Case

68 y/o male with relapsed AML s/p salvage Pre-transplant assessment reveals patient to
chemotherapy be at risk for VOD/SOS post transplantation

o Bone marrow biopsy after 1 cycle demonstrates
persistent disease

Opportunities to mitigate VOD/SOS risk

include
Decision is made to proceed with conditioning o Busulfan therapeutic drug monitoring
chemotherapy Busulfan/ Melphalan/ > Avoiding hepatotoxic medications

Fludarabine + Anti-thymocyte globulin (ATG)
followed by matched related donor T-cell o _ ,
o Close monitoring to prompt early diagnosis and

?eplet;ed sllogenelc peripheral blood stem cell treatment (daily weights, liver function tests,
ransplan fluid status)

o Ursodiol prophylaxis

o Avoiding potential drug interactions



Patient Case (continued)
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Patient Case (continued)

R Dose Dosing_Weight AUCINF Css CL CLperKg
Subject
(mg) (kg) (hr*mg/L) (ng/ml) {(ml/min) (ml/min/kg)
10 58 72.5 6.39 1065.54 151.2 2.09
Busulfan target ranges

Target AUC Target Css Number of remaining total number| New Css New AUC recommended

o Avera ge AUC ta rget 4.2-54 m g *h r/ L per dose o/t (o/mh)  fdoses gven  doses ofdoses | (no/mh | Gwimo/l) | dose (mo)

4.2 700 2 10 12 626.9 3.76 34

(Css 700-900 ng/mL)
o Cumulative AUC target 50.4-64.8 mg*hr/L PR R

1 Harmonized AUC (dose 1) 6.39 mgx hr/L (hr*mg/L) (hr*mg/L)
(fo r 1 2 d Ose reg Im e n ) Target Cumulative AUC 50.39 mgx hr/L Dose 1 6.39 6.39
Target Average AUC 4.20 mgx hr/L Dose 2 6.39 12.78
. . Dose 3 3.76 16.54
Dose was adjusted to target an estimated S 10655 ng/mi bosea] 38 2030
k Target Css average exposure 700 ng/ml Dose 5 3.76 24.06
average AUC 4.2 mg*hr/L per dose T T
. Clearance rate (per Kg) 2.09 ml/min/kg Dose 7 3.76 31.59
o LOWEF end Of thera peUtlc ra nge due tO VO D/SOS Recommended dosing type Q 6h Dose 8 3.76 35.35
. k f recommended dose 34 mg Dose 9 3.76 39.11
risk ractors Dose change 412 % Dose 10 3.76 42.87
Dose recommended starts at dose # 3 Dose 11 3.76 46.63
Dose recommended end at dose # 12 Dose 12 3.76 50.39

Patient was discharged on D+15 post
transplant with no signs or symptoms of i%";g‘::ﬂzl};?g:(gx BUSl(J::?:LL)EVEL
VOD/SOS EOI 1121

EOI + 15 MINUTES 987
EOI + 30 MINUTES 906
EOIl + 2 HRS 669

EOI + 3 HRS 557
EOIl + 4 HRS 461




Patient Data (Aug 2022 — Apr 2023)

Patient Starting Dose  Dose # Adjusted Final Dose % DOsE
Adjustment

1 52 3 46 -11.5%
2 68 4 45 -33.8%
3 52 3 43 -17.3%
4 52 3 52 0%
5 50 3 55 10%
6 68 3 72 5.9%
7 60 3 69 15%
8 50 3 41 -18%
9 56 3 49 -12.5%
10 64 3 76 18.8%
11 58 3 34 -41%
12 79 3 70 -11.4%

Doses are adjusted to target harmonized area under the curve (AUC) 4.2-5.4 mg*h/L.



Baptist Experience

Historically sent over 30 busulfan samples to outside lab

Dose adjustments on average completed at dose 7

Post-implementation dose adjustments on average performed by dose 3

[In house PK resulted in dose adjustment on average 4 doses (24 hours) ]
sooner

Patient data to date shows similar dosing to send out

With increased data we hope to show that in house PK is more accurate (less
degradation in handling) and associated with improved tolerability and
efficacy (preventing over- or under-dosing)



Summary and Future Directions

Personalized busulfan dosing has the potential to improve patient
outcomes following stem cell transplant

Implementation of a busulfan PK pharmacy service was possible due to
collaboration with other departments and development of a
comprehensive training program

Further data analysis will be important to evaluate outcomes and
identify opportunities for research and process improvement



Self Assessment Question

Which of the following is true as it relates to the importance of busulfan therapeutic drug
monitoring?
a. Low busulfan plasma exposure is associated with higher rates of graft rejection
and relapse
b. High busulfan plasma exposure is associated with increased hepatotoxicity and
nonrelapse mortality
c. Busulfan has high inter- and intra- patient pharmacokinetic variability and a
narrow therapeutic index
d. Busulfan TDM has been associated with improved engraftment rates
e. All of the above are true
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