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Objectives
• Describe recent trends in oncology medications

• Explain the role pharmacy can play in the management of new targeted 
small molecules and immunotherapies

• Recognize the challenges, advantages, and role of biosimilars



Pre-Test
(1) All of the following are considered recent trends in oncology, except:

A. Biosimilars

B. Hormonal-antineoplastic conjugates

C. Targeted oral therapy

D. Immunotherapy 

(2) The primary side effect related to CAR T-Cell therapy and T-Cell engagers that may require pharmacy 
management is:

A. Erythematous rash

B. Hypertension

C. Renal dysfunction

D. Cytokine release syndrome

(3) Poor provider and patient education on the safety and efficacy of biosimilars is a primary cause for 
the poor uptake of biosimilars in the United States. 

A. True

B. False



Outline

•Overview of trends in the past 12 – 24 months

• Targeted therapy

• Immunotherapy

• Biosimilars

• Impact for pharmacy







Trends to Watch…
•Targeted therapies

•Based on predictive biomarkers

•Push toward oral agents

•Immunotherapy
•Check point inhibitors

•Adaptive cell therapy (CAR T)

•Bi-specific/ simultaneous multiple interaction T-cell engagers

•Therapeutic vaccines

•Biosimilars
•Promising for decreased cost of care

•Many set backs and concerns



Targeted Therapy
• Interfere with specific molecules that are involved in the growth, progression, and 

spread of cancer

• Act on specifically chosen targets vs. all rapidly dividing cells (i.e traditional 
antineoplastic chemotherapy)

• Can be monoclonal antibodies (mAbs) or small molecules

• mAbs targets on outside of cell

• Small molecules  targets on inside of cell

• Common targets are proteins/receptors that are 
different in malignant compared to benign cells:
• Proteins in higher quantities than normal 
• Mutated proteins
• Proteins not in normally functioning cells



Type of Target Examples
Hormones SERMs, Estrogen antagonists, Androgen

antagonists

Signal transduction 
inhibitors

BRAF/MEK inhibitors, BCR-abl inhibitors, EGFR 
inhibitors

Apoptosis inducers Proteasome inhibitors, PARP inhibitors, BCL-2 
inhibitors

Angiogenesis inhibitors VEGF inhibitors

Immunotherapies PD-1 inhibitors, CTLA-4 inhibitors, CD20 inhibitors

“Pay-load” toxic molecules Brentuximab-vedotin, trastuzumab emtansine

Essentially 4 end effects: apoptosis, anti-proliferation, anti-angiogenisis, and 
immuno-stimulation



Essentially 4 end effects: 
• apoptosis
• anti-proliferation
• anti-angiogenesis
• immuno-stimulation



New(er) Targeted Therapies 

• BCL-2 inhibitors

• PARP inhibitors

• EGFR inhibitors

• IDH1/2 inhibitors

• CDK inhibitors

• Immunotherapy



BCL-2 Inhibitors
Drugs venetoclax

MOA Inhibition on BCL-2 leads to direct apoptosis

Drug
Interactions

CYP3A4 inducers/inhibitors (↓/↑ conc.), live vaccines (diminished effect)

Adverse
Effects

Tumor lysis syndrome (TLS)(13% during first 3 weeks), pancytopenia, increased LFTs, 
skin rashes, diarrhea/ constipation, nausea and vomiting (10-30%)

Management 
Pearls

• Obtain 17p deletion status for CLL prior to initiation or relapse
• Administer hydration and hyperuricemic therapy as pre-meds based on TLS risk

• May need to admit patient during initiation
• May administer G-CSF to reduce risk of febrile neutropenia
• Dose reductions for TLS and neutropenia
• Specialty pharmacy medication 



PARP inhibitors
Drugs olaparib, rucaparib, niraparib

MOA Inhibition of PARP leads to accumulation of DNA errors and apoptosis

Drug
Interactions

CYP3A4 inducers/inhibitors (↓/↑ conc.), CYP1A2 substrates (rucaparib, inhibitor)

Adverse Effects Pancytopenia, muscle fatigue/pain, fatigue, nausea & vomiting, increased 
serum creatinine, <1% risk for MDS/AML

Management 
Pearls

• Obtain BRCA-mutation status (somatic vs. germline) prior to initiation, except 
niraparib

• Monitor CBC at baseline, then monthly
• Dose adjustments for renal impairment
• Specialty pharmacy medication 



EGFR inhibitors
Drugs erlotinib*, afatinib^, gefitinib*^†, osimertinib^, cetuximab, panitumumab, 

necitumomab

MOA Inhibition of EGFR leads to decreased growth and proliferation 

Drug
Interactions

CYP3A4 inducers/inhibitors* (↓/↑ conc.), BCRP/ABCG2 inducers/inhibitors^ (↓/↑
conc.), CYP2D6 inducers/inhibitors (↓/↑ conc.)†

Adverse Effects Skin changes (~ 1 week post-initiation), diarrhea, increased LFTs, conjunctivitis, 
hypomagnesaemia, pneumonitis

Management 
Pearls

• Obtain EGFR mutation status prior to initiation for NSCLC
• Obtain KRAS mutation status for cetuximab & panitumumab in colorectal
• Loperamide for mild-moderate diarrhea
• Topical or oral corticosteroids/ antibiotics for dermatologic toxicities
• Avoid sunlight, wear sunscreen
• Dose reductions for dermatologic, GI, pulmonary, and ocular toxicities
• Specialty pharmacy for osimertinib



IDH1 /2 Inhibitors
Drugs ivosidenib (IDH1), enasidenib (IDH2)

MOA Inhibition of mutant IDH leads to restored “normal” differentiation of cells and 
decreased proliferation of malignant cells

Drug
Interactions

CYP3A4 inducers/inhibitors (↓/↑ conc.), ABCG1 inducers/inhibitors (↓/↑ conc.), + 
many more minor enzymes for enasidenib

Adverse Effects Differentiation syndrome (during first 3 months), TLS, QT prolongation, nausea 
& vomiting, diarrhea, increased LFTs, increased SCr, arthralgia/myalgia

Management 
Pearls

• Obtain IDH mutation status prior to initiation, retest at relapse as mutations 
can occur early or later in disease process

• Dexamethasone IV and hemodynamic monitoring of differentiation 
syndrome, high dose hydroxyurea for leukocytosis 

• Dose reductions for hepatotoxicity
• Specialty pharmacy medication



CDK Inhibitors

Drugs palbociclib, ribociclib, abemaciclib

MOA Inhibition of CDK leads to decreased growth and proliferation

Drug
Interactions

CYP3A4 inducers/inhibitors (↓/↑ conc.), live vaccines (diminished effect)

Adverse Effects Neutropenia, alopecia, increased LFTs, diarrhea, nausea and vomiting, QT 
prolongation (ribociclib)

Management 
Pearls

• Obtain estrogen receptor and HER2 receptor status prior to initiation
• Concomitantly given with aromatase inhibitors 
• Dose reductions for hepatotoxicity and hematologic toxicities
• Dose reductions for renal impairment with ribociclib
• Specialty pharmacy medication



Side Effect Themes
•Diarrhea

•Liver problems (hepatitis, elevated LFTs)

•Skin problems (acneiform rash, dry skin, nail changes, hair 
depigmentation)
• Associated with better outcomes, common with EGFR inhibitors

•Blood clots

•Poor wound healing
• Common with VEGF inhibitors

•High blood pressure

• Common with VEGF inhibitors





Pharmacy Management of Targeted Therapy 
1. Adherence
• Many of targeted therapies are self-administered

2. Side effect management and monitoring 

3. Patient education

4. Drug interaction monitoring/checking

5. Coordination with specialty pharmacies, if needed

6. Patient support programs through pharmaceutical company 

7. Locating samples for bridging



Immunotherapy
•“Cancer’s penicillin moment” –Ira Mellman
• Both from a treatment breakthrough and challenges posed perspective

•Helps the immune system attack cancer cells
• Remove “brakes”
• Increase recognition
• Flag cancer cells
• Boost response 





Types of FDA approved Immunotherapy 

CAR T-Cells
• Genetically engineered T-cells to 

target cancerous cells
• Limited, but growing use

Check-Point Inhibitors
• Increase T-cell activity

• ↑ T-cell activation
• prevent T-cell from being 

turned off
• Wide-spread use in many types of 

cancer T-Cell Engagers
• Link T-cells to cancerous cells
• Limited Use

Therapeutic vaccines
• Immuno-stimulant 
• Limited use



Check-point inhibitors
Drugs PD-1 inhibitors, PD-L1 inhibitors, CTLA-4 inhibitors 

MOA Release the breaks that keep T-cells from killing cancer cells, interfere with 
tumor’s ability to avoid the immune system 

Adverse Effects Autoimmune disorders: dermatitis, pneumonitis, thyroiditis, adrenal
insufficiency, DM1, encephalitis, colitis, hepatitis, hypophysitis, nephritis, 

Management • May obtain PD-1 status or MSI testing prior to initiation, depending on the 
type of cancer

• Monitor TSH, respiratory function, and LFTs
• Long steroid tapers for low-grade toxicities, discontinue for high-grade

• Prednisone 1 - 2 mg/kg initially
• Consider PJP and antifungal prophylaxis in patients on long-term steroids

• Loperamide helpful for low-grade colitis, infliximab may be needed in high-
grade colitis





CAR T-Cells
Drugs tisagenlecleucel, axicabtagene ciloleucel

MOA Programed T-cells eliminate CD19-expressing malignant and benign B-cells

Adverse Effects Cytokine release syndrome (CRS, within 28 days), neurotoxicity (more common 
with axicab), prolonged pancytopenia, hypogammaglobulinemia

Management 
Pearls

• Pre-medicate with APAP & diphenhydramine, AVOID STEROIDS (may decrease 
efficacy of treatment)

• Typically not verified or ordered by pharmacy, treated similar to a stem cell 
transplant

• Monitor for CRS:
• tocilizumab and antipyretics for all grade reactions 
• Consider steroids in high grade
• Use corticosteroids for neurotoxicity of any grade with axicab

• REMS program for each CAR T product





T-Cell Engagers
Drugs blinatumomab

MOA Binds to CD19 on B-cells and CD3 on T-cells, allowing T-cell to eliminate 
malignant and benign cells

Adverse Effects Cytokine release syndrome (CRS, median onset ~ 2 days), neurotoxicity, 
neutropenia, TLS, pancreatitis, hepatitis

Management 
Pearls

• Pre-medicate with corticosteroid (dose differs per indication)
• Given as a four week continuous infusion, hospitalization during the first few 

days of cycle 1 & 2 recommended (exact days differ per indication)
• Monitor for CRS:

• Managed similar to CAR Ts
• Unlike CAR Ts, infusion can be stopped in severe CRS
• Dose modifications for CRS and neurotoxicity 

• REMS program, explicit pharmacy sheet



Pharmacy Management of Immunotherapy 
1. Side effect management and monitoring

Especially for CRS and autoimmune toxicities

2. Patient education

3. Coordination and compliance with REMS programs

4. Patient support programs through pharmaceutical company

5. Coordination with home-infusion pharmacies for long-infusions
blinatumomab



The challenge in making biologics
Small Molecule Drugs Biological Products

Low molecular weight High molecular weight

Produced by organic or chemical synthesis Produced by live cells or organisms

Well-characterized Less easily characterized

Known structure Structure may not be completely 
identified/known

Homogenous drug substances Heterogeneous mixtures

Usually not immunogenic Often immunogenic

Final product not affected by manufacturing 
process

Manufacturing process impacts final
product characteristics



Human insulin
6000 dA



FDA Approved Biosimilars

Reference Product
(ASP per CMS)

Biosimilar Product
(ASP per CMS)

Approval Date

adalimumab/Humira adalimumab-atto/Amjevita 9/23/16

adalimumab-adbm/Cyltezo 8/25/17

bevacizumab/Avastin bevacizumab-awwb/Mvasi 9/14/17

epoetin alfa/Procrit epoetin alfa-epbx/Retacrit 5/15/18

etanercept/Enbrel etanercept-szzs/Erelzi 8/30/16

filgrastim/Neupogen filgrastim-sndz/Zarxio 3/6/15

filgrastim-aafi/Nivestym 7/20/18

infliximab/Remicade infliximab-dyyb/Inflectra 4/5/16

infliximab-adba/Renflexis 4/21/17

inflixmab-qbtx/Ixifi 12/13/18

pegfilgrastim/Neupogen pegfilgrastin-jmdb/Fulphilia 6/4/18

tratstuzumab/Herceptin trastuzumab-dkst/Ogivri 12/1/17





Why the slow up-take in the US?

1. Relatively slow review process of FDA compared to EMA

2. Originator companies are resistant and ready with patent 
extending litigation

3. Not a single biosimilar has been designated as being 
therapeutically interchangeable

4. Lack of systematic effort at educating physicians and patients 
about safety and efficacy of biosimilar products



Patent Litigation
Amgen v. Hospira – whether manufacturing without selling falls within 
the safe harbor

Amgen v. Sanofi and Regeneron
Whether the “newly-characterized antigen” test can be used to satisfy 
the written description requirement
Whether consideration of post-priority-date embodiments should be 
included in an invalidity analysis

Amgen-Abbvie settlement and launch date for Amgen’s Humira biosimilar





Variation happens

LCL lower control limit, LSL lower specification limit, UCL upper control limit, USL upper specification limit



Concern for divergence



Totality of Evidence

Structure and functional 
characterization

Studies in efficacy and 
safety in indication of 
reference product

Comparative studies



Concept of Extrapolation
•When data for one indication of the originator vs biosimilar product is 

extrapolated to other originator indications

• Example: Trastuzumab biosimilar studied in breast cancer (JAMA 2017)
•Biosimilar indication extended to stomach cancer as well (second 

indication for originator product)

• Eliminates need for duplicate clinical studies and keeps costs of 
biosimilars down!

•Caution recommended against extrapolating for all indications
•Biosimilar may or may NOT gain same indications as reference 

products

JAMA 2017;317(1):37-47.



Reference product sponsor mis-information
• Genentech's “Examine Biosimilars” website
• “FDA requires a biosimilar to be highly similar, but not identical to the [reference 

product]”, but fails to state that an approved biosimilar must have no clinically 
meaningful differences from the reference product.

• Janssen Biotech’s patient brochure for Remicade
• States “biosimilar is not approved as interchangeable . . . ” and “switching or 

alternating back and forth between the interchangeable biologic and [the 
reference product] would not cause any changes in safety or how well the 
treatment works – no infliximab biosimilar has yet proven this.”

• Amgen’s tweet and video
• “Biologics or biosimilars? It’s not just apples to apples. While biosimilars may be 

highly similar to their biologic reference products, there’s still a chance that 
patients may react differently. See what you’re missing without the 
suffix: http://bit.ly/2G2zGTa.”

http://bit.ly/2G2zGTa


What this means for Pharmacy
•Biosimilars will be an important part of treatment

•Use and effect on healthcare cost will largely depend on provider 
and patient acceptance

•Pharmacy can play a critical role on educating providers and 
patients on the safety and efficacy of available biosimilars

•Patent litigation may continue to stall bringing biosimilars to market

•FDA: Biosimilar Action Plan
• www.fda.org/biosimilars



Post-Test
(1) All of the following are considered recent trends in oncology, except:

A. Biosimilars

B. Hormonal-antineoplastic conjugates

C. Targeted oral therapy

D. Immunotherapy 

(2) The primary side effect related to CAR T-Cell therapy and T-Cell engagers that may require pharmacy 
management is:

A. Erythematous rash

B. Hypertension

C. Renal dysfunction

D. Cytokine release syndrome

(3) Poor provider and patient education on the safety and efficacy of biosimilars is a primary cause for 
the poor uptake of biosimilars in the United States. 

A. True

B. False



Questions???


