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Objectives

Pharmacists by the end of the 
presentation, you should be able to:

• Recognize mechanisms of action

• Identify appropriate monitoring 
parameters

• Understand stability, storage, and 
preparation considerations for 
administration

• Review pharmacokinetic and 
pharmacodynamic considerations

Pharmacy technicians, by the end of 
the presentation, you should be 

able to:

• Recognize brand and generic 
names

• Describe the dosage form

• Understand storage and 
preparation considerations for 
compounding



Pre-Test 
Question 1

 Which of the following medications is only available 

through a Risk Evaluation and Mitigation Strategy 

(REMS) program due to the risk of hepatotoxicity?

A. Pexidartinib

B. Darolutamide

C. Zanubrutinib

D. Entrectinib



Pre-Test 
Question 2

 Which of the following medications has a black box 

warning for encephalopathy including Wernicke’s 

encephalopathy?

A. Erdafitinib

B. Alpelisib

C. Fedratinib

D. Enfortumab vedotin



Pre-Test 
Question 3

 Which of the following antibody drug conjugates is only 

compatible with D5W?

A. Polatuzumab vedotin

B. Enfortumab vedotin

C. Fam-trastuzumab deruxtecan



Erdafitinib
(BALVERSA)

Approval date: 4/12/19



Dosing and 
Administration 

 Indication: Locally advanced or metastatic urothelial 

carcinoma (with susceptible FGFR genetic alterations)

 Dosing: 8mg oral once daily

 If serum phosphate <5.5 mg/dL after 14-21 days, increase 

dose to 9mg once daily

 Administration: Can be taken with or without food, 

tablets should be swallowed whole

 Supplied as 3mg, 4mg, and 5mg tablets

 Cost

 AWP: ~$864 per 8mg dose (~$6,050 per week)



Pharmacology

 Mechanism of Action: Fibroblast growth factor receptor 

(FGFR) kinase inhibitor

 FGFR inhibition results in decreased cell viability in cells 

expressing FGFR genetic alterations

 Hepatic metabolism by CYP2C9 and CYP3A4

 Drug Interactions

 Avoid co-administration with moderate and strong 

CYP2C9 and CYP3A4 inducers and inhibitors



Efficacy

 Phase II, multicenter, open-label, single arm study

 N=99

 Inclusion criteria

 History of disease progression during or after at least one 

line of chemotherapy

 Primary end point: Objective response rate

 Secondary endpoints: progression free survival (PFS), 

duration of response, and overall survival (OS)

 Results

 Confirmed response rate = 40% (3% CR, 37% PR)

 Median PFS = 5.5 months

 Median OS = 13.8 months



Safety

• Hyperphosphatemia (77%)

• Stomatitis (57%, grade ≥ 3: 10%)

• Diarrhea (51%)

• Asthenia (20%, grade ≥ 3: 7%)

• Hyponatremia (40%, grade ≥ 3: 16%)

Adverse Events: 

• Serum phosphate levels

• Eye exams should be performed at baseline, 
monthly for the first 4 months, then every 3 
months 

• Exam should include visual acuity 
assessment, slit lamp exam, fundoscopy, and 
optical coherence tomography

Monitoring:



Alpelisib
(PIQRAY)

Approval date: 5/24/19



Dosing and 
Administration 

 Indication: Advanced or metastatic breast cancer (HR 

positive, HER2 negative, Pi3K mutated)

 Dosing: 300mg oral once daily in combination with 

fulvestrant

 Administration: 

 Supplied as 50mg, 150mg, and 200mg tablets

 Should be taken with food at the same time each day

 Do not chew, crush, or split tablets

 Cost

 AWP: ~$664 per dose (~$4650 per week)



Pharmacology

 Mechanism of Action: Phosphatidylinositol-3-kinase 

(PI3K) inhibitor with selective activity against PI3Kα

 Metabolized by chemical and enzymatic hydrolysis to the 

metabolite BZG791

 Drug Interations:

 CYP3A4 inducers may decrease alpelisib concentration

 BCRP inhibitors may increase concentrations and risk for 

toxicities

 CYP2C9 substrates (warfarin) may have reduced concentrations



Efficacy

 Randomized, double-blind, placebo controlled, phase 3 

trial

 PI3K mutated (n=341) vs non-PI3K mutated (n=231)

 Alpelisib plus fulvestrant vs placebo plus fulvestrant

 Study population

 Men and postmenopausal women with locally confirmed 

HR-positive, HER2-negative advanced breast cancer

 Results

 Median PFS: 11.0 months in alpelisib plus fulvestrant

group vs 5.7 months in placebo plus fulvestrant group

 HR=0.65; 95% CI 0.50 to 0.85; p<0.001



Safety

• Hyperglycemia (79%, grade ≥ 3: 39%)

• Rash (52%, grade ≥ 3: 20%)

• Diarrhea (58%, grade ≥ 3: 7%)

• Elevated lipase (42%, grade ≥ 3: 7%)

Adverse Effects: 

• Blood glucose

• New or worsening respiratory 
symptoms

• Dehydration and serum creatinine

• Cutaneous reactions

Monitoring: 



Selinexor
(XPOVIO)

Approval date: 7/3/19



Dosing and 
Administration 

 Indication: Relapsed/refractory multiple myeloma 

continued until disease progression or unacceptable 

toxicity

 Dosing: 80mg per dose orally twice per week on days 1 

and 3 each week (total weekly dose 160mg)

 Administer at the same time each day, do not break, 

chew, crush, or divide tablets

 Supplied as 20mg tablets

 Antiemetics are recommended prior to and during 

treatment due to association with nausea and vomiting

 Cost

 ~$6,600 per week



Pharmacology

 Mechanism of Action: Reversible inhibition of exportin 

1 preventing nuclear export of tumor suppressor 

proteins, growth regulators, and mRNAs of oncogenic 

proteins

 Hepatic metabolism by CYP3A4, UDP-glucoronosyl-

transferases, and glutathione S-transferases

 Drug Interactions

 Has not demonstrated significant interactions with CYP 

enzymes or other transporter systems



Efficacy

 STORM study: phase 2b, multicenter, open-label

 Response adjudicated by independent review 

committee

 Inclusion criteria

 Measurable myeloma refractory to at least one 

immunomodulatory drug, one proteasome inhibitor, 

daratumumab, glucocorticoids, and their most recent 

regimen

 Intervention

 Oral selinexor (80mg) plus dexamethasone (20mg) on 

days 1 and 3 weekly

 Results

 Partial response or better: 26%

 Minimal response or better: 39%

 Median OS: 8.6 months



Safety

• Thrombocytopenia (74%, grade ≥ 3: 61%)

• Neutropenia (34%, grade ≥ 3: 21%)

• Gastrointestinal Toxicity

• Nausea/Vomiting (72%)

• Diarrhea (44%)

• Anorexia/Weight loss (53%)

• Infections (52%, grade ≥ 3: 25%)

• Hyponatremia (39%, grade ≥ 3: 22%)

Adverse Effects

• Platelet and neutrophil counts

• Patient weight

• Serum sodium levels

Monitoring



Darolutamide 
(NUBEQA)

Approval date: 7/30/19



Dosing and 
Administration 

 Indication: Non-metastatic castration resistant prostate 

cancer

 Dosing: 600mg twice daily in combination with a GnRH 

analog

 Administer with food 

 Supplied as 300mg tablets

 Cost

 ~$231 per dose (~$3,230 per week)



Pharmacology

 Mechanism of Action: Androgen receptor (AR) inhibitor 

competitively inhibiting androgen binding, AR nuclear 

translocation, and AR-mediated transcription

 Major metabolite keto-darolutamide demonstrates similar 

activity

 Hepatic metabolism by CYP3A4, UGT1A9, and UGT1A1

 Bioavailability increases 2-2.5 fold when taken with 

food

 Drug Interactions

 Combined P-gp and strong CYP3A4 inducers or inhibitors

 Darolutamide inhibits BCRP



Efficacy

 Randomized, double-blind, placebo-controlled, phase 3 

trial

 Evaluated efficacy of darolutamide for delaying metastasis 

and death

 Inclusion Criteria

 Men with nonmetastatic, castration-resistant prostate cancer 

and a PSA doubling time ≤ 10 months

 Intervention

 Darolutamide 600mg twice daily vs Placebo 

 Patients continued androgen-deprivation therapy

 Results

 Median metastasis free survival: 40.4 months vs 18.4 months

 HR=0.41; 95% CI, 0.34 to 0.50; p<0.001

 Median PFS: 36.8 months vs 14.8 months

 HR=0.38; 95% CI, 0.32 to 0.45; p<0.001



Safety

 Adverse Events: 

 Fatigue (16%)

 Rash (3%)

 Neutropenia (20%, grade ≥ 3: 4%)

 AST increase (23%)

 Bilirubin increase (16%)



Pexidartinib 
(TURALIO)

Approval date: 8/2/19



Dosing and 
Administration 

 Indication: Tenosynovial giant cell tumor (TGCT)

 Dose: 400mg orally twice daily

 Concomitant strong CYP3A4 inhibitors: 200mg twice daily

 Administration

 Supplied as 200mg capsules

 On an empty stomach at least 1 hour before or 2 hours 

after food

 Administer at least 2 hours before or 10 hours after H2RA

 Cost

 ~$400 per dose (~$5,550 per week)



Pharmacology

 Mechanism of Action: Inhibits proliferation of cell lines 

dependent on colony stimulating factor 1 receptor 

(CSF1R) and ligand-induced autophosphorylation of 

CSF1R

 KIT proto-oncogene receptor tyrosine kinase inhibitor

 FMS like tyrosine kinase 3 (FLT3) inhibitor

 Metabolized primarily by CYP3A4 and UGT1A4

 Major inactive metabolite formed by UGT1A4

 Drug Interactions

 Strong CYP3A4 inducers and inhibitors

 UGT inhibitors

 Acid-reducing agents



Efficacy

 ENLIVEN: Randomized, multicenter, placebo-controlled 

phase 3 trial

 Inclusion criteria

 Histologically confirmed TGCT with advanced disease for 

which surgical resection would be associated with 

potentially worsening functional limitation or severe 

morbidity

 Intervention

 Pexidartinib 1000mg per day split BID x14 days then 

800mg per day split BID x 22 weeks vs Placebo

 Results

 Overall response rate by RECIST criteria

 39% vs 0% (p<0.0001)

 Overall response rate by Tumor Volume Size (TVS)

 56% vs 0% (p<0.0001)



Safety

• Hair color changes (67%)

• Rash (28%)

• Fatigue (64%)

• Eye edema (30%)

Adverse 
Effects

• Increased AST (87%, grade ≥ 3: 12%)

• Increased ALT (64%, grade ≥ 3: 20%)

• Increased cholesterol (44%, grade ≥ 3: 4.9%)

• Decreased neutrophils (44%, grade ≥ 3: 3%)

Laboratory 
Abnormalities

• Hepatotoxicity 

• Liver function test monitoring performed 
weekly for the first 8 weeks, then every 2 
weeks for one month, then every 3 months 

Black Box 
Warning



Entrectinib 
(ROZLYTREK)

Approval date: 8/15/19



Dosing and 
Administration 

 Indication

 Metastatic non-small cell lung cancer, ROS1-positive

 Solid tumors with neurotrophic receptor tyrosine kinase 

(NRTK) gene fusion

 Dosage: 600mg oral once daily

 Concomitant strong CYP3A inhibitors: 100mg once daily

 Administer with or without food

 Supplied as 100mg and 200mg capsules

 Cost

 ~$672 per dose (~$4,704 per week)



Pharmacology

 Mechanism of Action: Inhibitor of tropomyosin receptor 

tyrosine kinases (TRK) encoded by NRTK genes

 Inhibits proto-oncogene tyrosine protein kinase ROS1 and 

anaplastic lymphoma kinase (ALK)

 Active metabolite M5 has similar activity against TRK, 

ROS1, and ALK

 Hepatic metabolism by CYP3A4 to form the active 

metabolite M5

 Drug Interactions

 Moderate and Strong CYP3A4 inhibitors or inducers

 Concomitant QT-prolonging medications



Efficacy

 Integrative analysis of three ongoing phase 1 or 2 trials

 ALKA-372-001, STARTRK-1, and STARTRK-2

 Inclusion criteria

 Locally advanced or metastatic ROS1 fusion positive 

NSCLC who received

 Dose of 600mg daily with 12 months follow-up

 Results

 Objective response rate: 77%

 Median duration of response: 24.6 months

 Median PFS: 19.0 months



Safety

Adverse 
reactions

Edema (40%)

Dyspnea (30%, grade ≥ 3: 6%)

Lung infection (10%, grade ≥ 3: 6%)

Gastrointestinal disturbances

Cognitive impairment (27%, grade ≥ 3: 4.5%)

QT prolongation (3.1%)

Laboratory 
abnormalities

Anemia (67%, grade ≥3: 9%)

Lymphopenia (40%, grade ≥3: 12%)

Neutropenia (28%, grade ≥3: 7%)

Increased creatinine (73%, grade ≥3: 2.1%)

Monitoring LVEF and EKG prior to initiation

Skeletal fracture

Liver function tests

Serum uric acid levels



Fedratinib 
(INREBIC)

Approval date: 8/16/19



Dosing and 
Administration 

 Indication: Myelofibrosis

 Dosing: 400mg orally once daily

 Concomitant CYP3A inhibitors: 200mg once daily

 Administer with or without food

 High-fat meals may reduce incidence of nausea/vomiting

 Consider antiemetics during therapy

 Supplied as 100mg capsules

 Cost

 ~$840 per dose (~$5,900 per week)



Pharmacology

 Mechanism of Action: Inhibition of Janus-associated 

kinase 2 (JAK2) and FMS-like tyrosine kinase 3 (FLT3)

 Reduces phosphorylation of signal transducer and 

activator of transcription (STAT3/5) proteins, inhibits cell 

proliferation, and induces apoptosis

 Hepatic metabolism by CYP3A4, CYP2C19, and flavin-

containing mono-oxygenase 3 (FMO3)

 Drug Interactions

 Co-administration with pantoprazole increased fredratinib 

concentrations



Efficacy

 Randomized, double-blind, placebo-controlled phase 3 

trial

 Inclusion criteria

 Patients with intermediate-2 or high-risk myelofibrosis

(MF)

 Intervention

 Fedratinib 400mg vs fedratinib 500mg vs placebo

 Results

 ≥35% reduction in spleen size: 36% vs 40% vs 1%

 P<0.001 for comparison of each dose to placebo



Safety

Adverse 
reactions

• Anemia (40%, grade ≥ 3: 30%)

• Nausea (62%)/Vomiting (39%)

• Elevated transaminases (9%)

• Elevated lipase (35%, grade ≥ 3: 
10%)

Monitoring

• Complete blood count

• Liver function tests

• Amylase and lipase levels

Black Box 
Warning

• Encephalopathy including 
Wenicke’s

• Monitor thiamine levels and 
replete prior to initiation in 
patients with thiamine deficiency



Zanubrutinib 
(BRUKINSA)

Approval date: 11/14/19



Dosing and 
Administration 

 Indication: Relapsed/refractory mantle cell lymphoma

 Dose: 160mg twice daily or 320mg once daily

 Dose reduce for moderate and strong CYP3A inhibitors

 Administration

 Supplied as 80mg capsules

 Can be taken with or without food

 Cost

 ~$516 per dose (~$3,600 per week)



Pharmacology

 Mechanism of action: Highly selective bruton tyrosine 

kinase (BTK) inhibitor

 Prevents B-cell proliferation, trafficking, chemotaxis, and 

adhesion

 Hepatic metabolism by CYP3A

 Hepatic impairment increases zanubrutinib AUC

 Drug Interactions

 Moderate and strong CYP3A inhibitors

 Moderate and strong CYP3A inducers



Efficacy

 Open-label, multicenter, single-arm phase 2 trial

 Inclusion Criteria

 Patients with mantle cell lymphoma (MCL) who had 

received at least one prior therapy

 Intervention

 Zanubrutinib 160mg twice daily or zanubrutinib 320mg 

daily

 Results

 Overall response rate: 84%

 Median duration of response: 19.5 months



Safety

Adverse reactions

• Pneumonia (15%, grade ≥ 3: 10%)

• Musculoskeletal pain (14%)

• Hypertension (12%)

• Hemorrhage (11%)

• Thrombocytopenia (27%, grade ≥ 3: 5%)

• Neutropenia (38%, grade ≥ 3: 15%)

• Lymphocytosis (41%, grade ≥ 3: 16%)

Monitoring

• Consider prophylaxis for HSV and PCP in patients 
at increased risk for infections

• Complete blood counts at baseline and during 
treatment

• Signs and symptoms of atrial fibrillation and atrial 
flutter



Polatuzumab vedotin-piiq 
(POLIVY)

Approval date: 6/10/19



Dosing and 
Administration

 Indication: Relapsed/refractory diffuse large B-cell 

lymphoma

 Dosing: 1.8 mg/kg IV every 21 days for 6 cycles (in 

combination with bendamustine and rituximab)

 Administration

 Initial dose: Infuse over 90 minutes 

 Subsequent doses: Infuse over 30 minutes

 Utilize a 0.22 micron sterile, non-pyrogenic, low-protein 

binding in-line filter 

 Premedicate with an antihistamine and antipyretic

 Supplied as 140mg vial (solution for reconstitution)

 Cost

 140mg vial: $18,000



Preparation and 
Storage

 Reconstitution:

 140mg vial: Add 7.2mL of SWFI to obtain a 20mg/mL 

concentration

 Dilution:

 Final concentration of 0.72 – 2.7 mg/mL in a minimum 

volume of 50 mL

 Compatible with 0.9% NaCl, 0.45% NaCl, and D5W

 Storage:

 Store refrigerated at 2-8oC and protect from light



Pharmacology

 Mechanism of Action: Antibody drug conjugate 

directed at CD79b (a B-cell specific cell surface 

protein) 

 CD79b-specific humanized antibody

 Microtubule-disrupting agent, monomethylauristatin E 

(MMAE)

 Protease cleavable linker

 Hepatically metabolized to small peptides, amino acids, 

and unconjugated MMAE

 MMAE is a substrate of CYP3A4

 Drug Interactions

 Strong CYP3A inducers or inhibitors



Efficacy

 Open-label, multicenter, multicohort phase 1b/2 trial

 Cohort of 80 patients with DLBCL

 Inclusion criteria

 Relapsed or refractory DLBCL after at least one prior 

regimen

 Intervention

 Polatuzumab vedotin plus BR vs BR

 Results

 Median PFS: 6.7 months vs 2 months

 Median OS: 11.8 months vs 4.7 months

 PFS and OS were improved in 2nd line, 3rd line plus, 

relapsed, and refractory patients



Safety

• Neutropenia (49%, grade ≥ 3: 42%)

• Thrombocytopenia (49%, grade ≥ 3: 40%)

• Anemia (47%, grade ≥ 3: 24%)

• Peripheral neuropathy (40%)

• Pneumonia (22%, grade ≥ 3: 16%)

Adverse reactions

• Complete blood counts

• Liver function tests

• Serum uric acid

• New or worsening neurological, cognitive, 
behavioral changes

• Infusion reactions up to 24 hours after infusion

Monitoring



Enfortumab vedotin
(PADCEV)

Approval date: 12/18/19



Dosing and 
Administration 

 Indication: Locally advanced or metastatic urothelial 

cancer

 Dosing: 1.25 mg/kg IV on Days 1, 8, and 15 every 28 

days until disease progression or unacceptable toxicity

 Administration: Infuse over 30 minutes

 Supplied as 20mg and 30mg vials (solution for 

reconstitution)

 Cost

 20mg vial: $2,532

 30mg vial: $3,798



Preparation and 
Storage

 Reconstitution:

 20 mg vial: Add 2.3 mL SWFI, resulting in 10mg/mL

 30 mg vial: Add 3.3 mL SWFI, resulting in 10mg/mL

 Dilution for infusion:

 Compatible with D5W, 0.9% NaCl, and LR

 Storage:

 Store vials refrigerated at 2-8oC

 Prepared infusion bags are stable for 8 hours at 2-8oC

 Do not freeze or shake the vials or diluted solution



Pharmacology

 Mechanism of action: Antibody drug conjugate 

targeting the adhesion protein Nectin-4

 Human IgG1 antibody directed against Nectin-4

 Microtubule–disrupting agent, MMAE

 Protease-cleavable linker

 Metabolism via catalysis to small peptides, amino acids, 

and unconjugated MMAE

 MMAE is primarily metabolized by CYP3A4



Efficacy

 Global, single-arm, phase II study

 Inclusion criteria

 Locally advanced or metastatic urothelial carcinoma in 

patients previously treated with platinum chemotherapy 

and anti-PD-1/L1 therapy

 Results

 Objective response rate = 44%

 CR = 12%

 Median duration of response = 7.6 months



Safety

• Peripheral neuropathy (56%)

• Decreased appetite (52%)

• Rash (52%, grade ≥ 3: 13%)

• Dry Eye (40%)

• Nausea (45%)

• Diarrhea (42%, grade ≥ 3: 6%)

Adverse 
reactions

• Decreased hemoglobin (34%, grade ≥ 3: 10%)

• Decreased lymphocytes (32%, grade ≥ 3: 10%)

• Increased creatinine (20%)

Laboratory 
Abnormalities

• Blood glucose levels

• Ocular disorders

• Signs/symptoms of skin reactions

• Infusion site extravasation

Monitoring



Fam-trastuzumab 
deruxtecan (Enhertu)

Approval date: 12/20/2019



Dosing and 
Administration 

 Indication: Unresectable/metastatic HER2+ breast 

cancer

 Dosing: 5.4mg/kg IV once every 21 days until disease 

progression or unacceptable toxicity

 Administration: 

 First infusion: Infuse over 90 minutes

 Subsequent infusions: Infuse over 30 minutes if previous 

infusions were well tolerated

 Supplied as 100mg vials (solution for reconstitution)

 Cost

 100mg vial: $2,755



Preparation and 
Storage

 Reconstitution:

 100mg vial: Add 5 mL of SWFI, resulting in 20mg/mL

 Dilution:

 Dilute reconstituted dose in 100mL of D5W

 Do NOT dilute in 0.9% NaCl

 Storage

 Vials should be stored refrigerated at 2-8oC and protected 

from light

 Reconstituted vials and diluted solutions are stable for up 

to 24 hours at 2-8oC, protected from light

 Diluted solutions are stable for 4 hours at room 

temperature



Pharmacology

 Mechanism of action: HER2 directed antibody-drug 

conjugate

 The small molecule, DXd, is a topoisomerase I inhibitor 

that causes DNA damage and apoptotic cell death

 Metabolism

 The humanized HER2 IgG1 is expected to be catabolized 

into small peptides and amino acids

 DXd is primarily metabolized by CYP3A4

 Drug Interactions

 No clinically meaningful interactions have been identified



Efficacy

 Open-label, single-group, multicenter, phase 2 study

 Study population

 Patients with HER2 positive, unresectable or metastatic 

breast cancer previously treated with trastuzumab

emtansine

 Results

 Overall response rate = 60.9%

 CR = 6.0%

 Median duration of response = 14.8 months

 Median PFS = 16.4 months



Safety

• Nausea (79%, grade ≥ 3: 7%)

• Neutropenia (29%, grade ≥ 3: 16%)

• Anemia (31%, grade ≥ 3: 7%)

• Interstitial lung disease (9%, grade ≥ 3: 2.6%)

Adverse Reactions

• Complete blood counts

• Left ventricular ejection fraction

Monitoring

• Interstitial lung disease

• Monitor and promptly investigate respiratory 
signs/symptoms: cough, dyspnea, or fever

Black Box Warning



Post-Test 
Question 1

 Which of the following medications is only available 

through a Risk Evaluation and Mitigation Strategy 

(REMS) program due to the risk of hepatotoxicity?

A. Pexidartinib

B. Darolutamide

C. Zanubrutinib

D. Entrectinib



Post-Test 
Question 2

 Which of the following medications has a warning for 

encephalopathy including Wernicke’s encephalopathy?

A. Erdafitinib

B. Pexidartinib

C. Fedratinib

D. Enfortumab vedotin



Post-Test 
Question 3

 Which of the following antibody drug conjugates is only 

compatible with D5W?

A. Polatuzumab vedotin

B. Enfortumab vedotin

C. Fam-trastuzumab deruxtecan



Questions?
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