Pharmacology—Chemotherapy and Supportive Care
Cancer Statistics
1) 2nd most common cause of death in the US

2) ½ (men) and 1/3 (women) in the US will develop some type of invasive cancer during their lifetime

3) Cancers of the lung, prostate, and breast and of the colon and rectum account for about 55% of all new cancer diagnoses and for over 50% of cancer deaths in the US

4) Currently – Lung cancer is the leading cause of cancer death in the US, accounting for 31% of deaths in men and 27% of deaths in women
Carcinogenesis and Cell Proliferation


Carcinogenesis occurs in three main steps:

1) Transformation – change in phenotype from a cell with normal growth controls to a cell with dysregulated growth.  Can be inherited, spontaneous, or caused by chemicals, radiation, or viruses.  If DNA damage cannot be repaired, the mutated gene involved will lead to abnormal cell growth and proliferation

2) Proliferation – growth of transformed cells into a tumor.  Refer to cell cycle/growth fraction/log kill effect.  Cancer cells adapt, secrete chemicals and can create a specialized environment in which they can thrive

3) Metastasis – the capability to invade surrounding tissues throughout the body.  Possibly due to acquired mutations
Cell Cycle

1) M-phase (mitosis) – cell division

2) G0 – resting phase.  Resistant to chemotherapy

3) G1 – RNA and protein synthesis

4) S – DNA synthesis.  The percentage of cells in the S phase can be measured by flow cytometry, which is a good indicator for cell proliferation.  Tumors with a high percentage of S phase cells are considered more aggressive

5) G2 – preparation for mitosis 

Cell Cycle Specific Drugs – effective for high growth fraction cancers (hematologic cancers).  These are considered schedule dependent; can be given through continuous infusion or repeated administration.  This is done to target more cells as they progress into the drug sensitive phase of the cycle.

Cell Cycle Non-Specific Drugs – effective for low growth fraction cancers (solid tumors).  Considered to be dose dependent.  The response is more dependent on the size of the dose.

*Not all drugs are considered to be cytotoxic; therefore they do not work on the cell cycle, i.e. hormone therapy

Growth Fraction

Growth fraction is the ratio of the numbers of cells that are proliferating to the number of cells in a tumor.  The average growth fraction is 20%.  Small, rapid growing (higher growth fraction) cancers respond better to chemo.  Normal cells with high growth fractions are more susceptible to chemo drugs (GI mucosa, bone marrow).
Log Kill Effect


Cancer growth is exponential.  Chemo drugs are cytotoxic; they kill cells at various points of the cell cycle.  Cytotoxic drugs act by first-order kinetics: the log kill effect is to kill a constant fraction of cells rater than fixed number of cells.  Because of dose-limiting cytotoxicity to normal cells, only get a limited log cell kill with each individual treatment.  Need several cycles of chemotherapy to eradicate tumor.
CANCER TREATMENT

1) Surgery

2) Radiation

3) Chemotherapy – includes cytotoxic drugs and hormone therapy
4) Biologic therapy – immunomodulating agents, radioimmunotherapy (nuclear pharmacy), and gene therapy
Role of Chemotherapy in Treatment of Cancer
Chemotherapy cures a small percentage of malignancies.  Most solid tumors will not be curable with chemotherapy alone.  It is adjuvant therapy used to decrease the rate of relapse or improve the disease-free interval.  Provides palliative and prolonged survival in some patients with incurable malignancies.  Also used as pre-operative (Neoadjuvant) therapy to reduce the size of the primary tumor and increase the probability of complete excision at the time of surgery
Response Criteria to Chemotherapy – mainly refers to solid tumors
1) Cure – 5-year survival
2) Complete response – disappearance of all cancer without evidence of new disease for at least 1 month after treatment
3) Partial response – 50% or greater decrease in the tumor size or other objective disease marker and no evidence of new disease for at least 1 month
4) Stable disease – tumor size neither grows nor shrinks by more than 25%
5) Progression – 25% increase in the tumor size or development of any new lesions while receiving treatment
Chemotherapy Drugs


Chemo drugs are dosed based on patient’s body surface area (BSA).  The dose is expressed as mg/m2.  BSA is determined with formula or nomogram.  Doses are calculated by an oncologist, checked and prepared by pharmacist and administered by oncology nurse, physician, or PA.  Must be chemo certified to prepare and administer chemotherapy.  Must have proper protective equipment and dispose of agents properly  
Principles of Combination Chemotherapy

1) Use drugs that are active when used alone

2) Use drugs that are synergistic 
3) Use drugs with different MOA

4) Use drugs that produce toxicity in different organ systems

5) Use drugs where toxicity occurs at different times allowing drug administration

6) Series of drugs given over a set time and fixed doses in a certain order, a.k.a. as a protocol/regimen (mnemonics/acronyms)
Problems Associated with Chemotherapy
1) Resistance

2) Multi-drug resistance 

3) Toxicities – affect normal rapidly proliferating cells, narrow therapeutic index, and common ADRs including BMS, GI toxicity, mucocutaneous and alopecia (can cause cancer themselves)
4) Treatment induced tumors – chemo drugs are mutagens, may cause a cancer ten or more years after original cancer was cured
Generals ADRs

Bone Marrow Suppression – single most important dose-limiting effect
1) Can affect RBC, WBC, and platelets

2) Dose-limiting factor

3) Platelets most sensitive and decline before WBC or RBC – platelets are not affected as common as WBCs
4) Leukopenia increases risk of infection
5) Myelosuppression usually occurs with 7-14 days of chemo and return to pre-treatment by 21 days
6) Long term therapy can permanently destroy bone marrow and lead to aplastic anemia
7) Can treat with supportive agents like Epogen, Neupogen, Neumega, or transfusions.
	Degree of BMS
	Chemo Agent

	Mild
	Bleomycin, Vincristine, MTX w/ leucovorin

	Moderate
	Carboplatin, procarbazine, etoposide, MTX w/out leucovorin, 5-FU

	Severe
	Vinblastine, paclitaxel, nitrosureas, cyclophosphamide, cytarabine, doxorubicin


Mucocutaneous Effects

1) Alopecia – hair does grow back.  Affects all hair

2) Local irritation at injection site

3) Irregular pigmentation

4) Dermatitis

5) Stomatitis – Patients are unable to eat, drink, or swallow.  Can treat with 1:1:1 suspension mixture of Maalox/Benadryl/viscous lidocaine
6) Radiation recall – area radiated becomes very sensitive

GI Toxicity

1) N/V – stimulation of CTZ

2) Diarrhea, anorexia, and constipation

3) Chemo agents sometimes classified by emetogenic potential

4) Can use the following as pre-medications or for treatment of n/v – H2 blockers, PTZ, 5-HT3 blockers, Metoclopramide, Lorazepam, Dexamethasone, Aprepitant, Dronabinol 
Endocrine (both egg and sperm are affected)

1) Amenorrhea

2) Aspermia, oligospermia

3) Teratogenic
Emetogenic Potential of Chemo Drugs

Alkylating agents and platinum compounds are the worst!
	% of Patients with Emesis
	Chemo Agent

	>90%
	Carmustine >250mg/m2, cisplatin >50mg/m2, cyclophosphamide >1500mg/m2, Dacarbazine, Mechlorethamine, Streptozocin 

	60-90%
	Carboplatin, Carmustine <250mg/m2, cisplatin <50mg/m2, Cytarabine >1000mg/m2, cyclophosphamide >750mg/m2 to <1500mg/m2, Doxorubicin >60mg/m2, Methotrexate >1000mg/m2, Procarbazine (oral)

	30-60%
	Cyclophosphamide <750mg/m2, Cyclophosphamide (oral), Doxorubicin 20-60mg/m2, Epirubicin <90mg/m2, idarubicin, ifosfamide

	10-30%
	Docetaxel, etoposide, 5-FU <1000mg/m2, Gemcitabine, Methotrexate >50<250mg/m2, mitomycin, paclitaxel

	<10%
	Bleomycin, Busulfan, chlorambucil (oral), Fludarabine, Hydroxyurea, Methotrexate <50mg/m2, L-phenylalanine mustard (oral), Thioguanine (oral), Vinblastine, Vincristine, and Vinorelbine 


Neurological

1) Myalgias, arthralgias

2) Paresthesias

3) Lethargy

4) Ataxia

5) Slurred speech

6) Visual disturbance

7) Smell and taste disturbances

GU

1) Edema

2) Renal failure

3) Cystitis

4) May pre-treat with diuretics and fluids with certain chemo drugs
Vesicants and Irritants

Vesicants

1) Carmustine

2) Dactinomycin

3) Daunorubicin

4) Doxorubicin*

5) Epirubicin

6) Idarubicin

7) Mechlorethamine

8) Melphalan

9) Mitomycin

10) Plicamycin

11) Streptozocin

12) Vinblastine*

13) Vincristine*

14) Vinorelbine*
Many agents used in cancer chemotherapy are extremely irritating if they extravasate or infiltrate into the tissues rather than remain in the vasculature.  Vesicants can cause extensive necrosis.  Doxorubicin, Daunorubicin, epirubicin, and mitomycin bind to DNA, recycle locally and may cause a progressive slough of tissue over several weeks, requiring excision and skin grafting.  All drugs categorized as vesicants or irritants should have warning labels (“Avoid Extravasation”) affixed to prepared class.

Irritants

1) Cisplatin*

2) Dacarbazine

3) Docetaxel

4) Etoposide

5) Liposomal Doxorubicin

6) Mesna (undiluted)

7) Paclitaxel*

8) Teniposide
Precautions

1) Use a large vein away from joints or tendons, if possible, in the forearm.  Warm with water or heating pad to heat the vein

2) Establish a new IV site

3) Make a clean venipuncture.  Leave the needle entry site visible so that it can be watched during injection

4) Have IV flowing freely at all times with saline or D5W

5) Inject into the medication injection port of IV tubing slowing enough so that drip does not stop or reverse

6) Flush with saline or D5W

7) Elevate limb and maintain gentle pressure over the site for 5min after needle is withdrawn
Drug Specific Toxicities

Bleomycin (Blenoxane)

1) Pulmonary fibrosis – monitor PFTs and CXR

Cisplatin (Platinol)

1) Renal toxicity – pre-treat with IV fluids and Mannitol or amifostine (chemo protective agent – binds to and detoxifies active metabolite but only when it is in the kidney).  Monitor renal function, electrolytes, especially Mg.  If CrCl <60mm/min, use Carboplatin.  
2) Neurotoxicity – can be peripheral neuropathy or ototoxicity.  Monitor neurological tests and hearing tests

Cyclophosphamide/Ifosfamide

1) Hemorrhagic cystitis – symptoms include dysuria, frequency, and hematuria
2) May cause severe bladder damage
3) Can lower risk with Mesna (neutralizing agent)
4) Monitor renal function, UA, and electrolytes
Paclitaxel (Taxol)

1) Hypersensitivity reaction

2) Usually occurs within 1st hour of infusion
3) Pre-medicate with dexamethasone, Diphenhydramine, and H2 blocker to minimize risk
Docetaxel (Taxotere)

1) Fluid retention, edema, and hypersensitivity characterized by bronchospasm, hypotension and rash

2) Pre-medicate with dexamethasone to minimize risk of hypersensitivity reaction
Doxorubicin (Adriamycin)

1) Acute and delayed cardiac toxicity

2) Do NOT exceed cumulative dose of >450mg/m2
3) Do NOT give if ejection fraction <30-40%
4) Can use dexrazoxane (Zinecard) pre-med to decrease risk – iron chelator, which decreases free-radical formation
5) Monitor cardiac tests – EKG, LVEF, and echocardiogram
6) Can also occur with other anthracycline chemo drugs – Daunomycin, idarubicin, and mitoxantrone
Irinotecan (Camptosar)

1) Severe diarrhea

Vinblastine (Velban) 

1) Jaw pain and neuropathy

Methotrexate (Rheumatrex) (MTX)

Anemia

1) Folic acid antagonist – blocks enzyme dihydrofolate reductase

2) Use Leucovorin rescue when giving high dose MTX
3) Leucovorin is follinic acid.  It will allow for purine and thymidine synthesis which is necessary for erythropoiesis

4) Monitor MTX levels to determine how long to continue leucovorin post-MTX therapy

Renal Toxicity

1) Give adequate hydration and bicarbonate to prevent crystallization to tubules

2) Monitor CrCl and avoid other drugs toxic to the kidney

Vinca Alkaloids – Vincristine, Vinblastine, Vinorelbine

1) Peripheral neuropathy

2) Autonomic neuropathy (constipation)

3) Bladder neuropathy
CLASSIFICATION OF THE ANTI-CANCER DRUGS

Alkylating Agents


Alkylating agents are the largest class of anti-cancer drugs.  They are cell cycle non-specific.  They cause addition of alkyl groups into nucleophilic sites, thereby preventing cell division and DNA synthesis.  There are differences in drugs due to electrophilic reactivity, structure, and pharmacokinetics; therefore differences in anti-tumor activity and toxicities
Nitrogen Mustards

Cyclophosphamide (Cytoxan) is the most widely used and broadest spectrum nitrogen mustard.  It is a prodrug, so it must be activated by CYP450.  The metabolites have the most cytotoxic activity.  Can be given PO, IV, or IM.


ADRs include arrhythmias, hemorrhagic cystitis, and SIADH (acute); BMS, alopecia, and pulmonary fibrosis (delayed).


Common uses include lymphomas, leukemias, breast, ovarian, small cell lung cancer (SCLC), and transplants (to prevent rejection)
Nitrosureas

Includes Carmustine (BCNU) and Lomustine (CCNU).  These are highly lipid soluble; therefore used for CNS tumors.

ADRs include severe n/v (acute); BMS, alopecia, stomatitis, and pulmonary toxicity (delayed)


Common uses include brain tumors, Hodgkin’s lymphoma, multiple myeloma, melanoma, renal cell carcinoma, and colorectal cancer
Anti-Metabolites


Anti-metabolites are structurally related to naturally occurring compounds, such as vitamins, amino acids, and nucleotides.  It is cell cycle specific.  It competes for binding sites on enzymes or incorporate themselves into RNA or DNA; thereby interfering with cell growth and proliferation
Folate Antagonists


Methotrexate inhibits enzyme dihydrofolate reductase which is essential for synthesis or thymidylate and purines; thereby inhibiting DNA synthesis.  Most sensitive to cells in S phase.  ADRs include n/v/d (acute); GI and oral ulcers, BMS, renal toxicity, hepatotoxicity.  Use leucovorin rescue.  Common uses include ALL, breast, head, neck, cervical, lung, osteogenic sarcoma, ectopic pregnancy, RA, and psoriasis.


Gemcitabine (Gemzar) is the single most active drug fro pancreatic cancer.  Pemextred (Alimta) is a new drug used in combo with cisplatin for mesothelioma.  Has improved median survival rates versus other chemo agent
Pyrimidine Analogs 


5-Flurouracil (5-FU) inhibits the synthesis of thymidylate, thereby inhibiting DNA synthesis and is incorporated into RNA interfering with RNA function.


ADRs include n/v/d (acute); alopecia, GI and oral ulcers, and BMS (delayed).


Common uses include breast, GI, ovary, cervix, bladder, and prostate.  Available topically for basal cell carcinoma and actinic keratosis.  
Antibiotics

Anthracyclines


Anthracyclines are fermentation products of streptomyces peucetius.  Doxorubicin (Adriamycin) is the prototype.  It binds to DNA and inhibits DNA synthesis.  Works primarily in S phase.


ADRs include n/v, arrhythmias, red urine (acute); BMS, cardiotoxicity, and alopecia (delayed).  Can pre-treat with Dexrazoxane.


Common uses include breast, ovary, endometrium, bladder, thyroid, lung, and lymphomas.  The Liposomal form is less toxic.  
Plant-Derived Products

Vinca Alkaloids

Vinca alkaloids are mitotic inhibitors.  Cause cellular arrest in metaphase of mitosis.


Vincristine (Oncovin) is well-tolerated.  Delayed ADRs include neuropathy, alopecia, and less BMS.  Common uses include ALL and lymphomas.  


Vinblastine (Velban) ADRs include jaw pain, mild n/v (acute); BMS and stomatitis (delayed).  Common uses include testicular and lymphoma
Taxanes


Paclitaxel (Taxol) is from bark of the Pacific yew tree.  It disrupts mitosis.  ADRs include hypersensitivity (acute); BMS, alopecia, and neuropathy (delayed).  Common uses include breast, ovarian, lung, head, and neck.

Docetaxel (Taxotere) is from leaves of European yew tree.  It disrupts mitosis.  ADRs include less hypersensitivity but causes edema and effusions (acute).

Platinum Compounds
Cisplatin (Platinol) and Carboplatin (Paraplatin) are both the same except less n/v and renal toxicity with Carboplatin.  Also, Carboplatin is dosed by AUC formula.  They bind to guanine in DNA and RNA causing cell inactivation.

ADRs include renal toxicity and necrosis (heavy metal).  Must pre-treat with hydration and diuretics.  Also causes severe n/v.  Others include BMS, hearing loss, and peripheral neuropathy.


Common uses include testicular (Cisplatin), ovarian, bladder, head, neck, and lung.  
Hormone Derivatives

Selective Estrogen Receptor Modulators (SERMs)

Tamoxifen (Nolvadex) is a synthetic anti-estrogen.  It directly inhibits growth of breast cancer cells that contain estrogen receptors.  Has little effect on cells without estrogen receptors.  Also a partial estrogen agonist


ADRs include hot flashes, vaginal dryness, mild nausea, bone pain, and hypercalcemia.


Used for breast cancer (palliative, adjunct, or reduced risk).  Can reduce the incidence in women at high risk of breast cancer


Other drug in this class include Toremifene (Fareston).  
Aromatase Inhibitors


Anastrazole (Arimidex) and Letrozole (Femara) reduces levels of estradiol, estrone, and estrone sulfate in post-menopausal women by blocking their synthesis from the conversion of androgens and testosterone. 


ADRs include vasodilation, headache, and hot flashes.

Used for breast cancer.
LHRH Agonists


Leuprolide (Lupron) and Goserelin (Zoladex) are LHRH agonists.  LHRH is a potent inhibitor of gonadotropin secretion, decreasing LH and FSH levels; therefore it decreases testosterone and estrogen levels.

Used in prostate cancer and endometriosis


ADRs include edema, AF, alopecia, hepatomegaly, and injection site reactions.
Anti-Androgens


Anti-androgens inhibit androgen uptake or inhibits binding of androgen in target tissues.  Used for prostate cancer.


ADRs include endocrine/endocrine/hepatic effects (may be severe)


Examples include Flutamide (Eulexin), Bicalutamide (Casodex), and Nilutamide (Nilandron).  
GnRH Antagonist


Abarelix (Plenaxis) is a new drug (2003).  It blocks the action of GnRH by binding to GnRH receptors, decreasing LH and FSH; therefore decreasing testosterone levels.  Used for prostate cancer.

ADRs include severe allergic reaction, hypotension, and syncope.
Immunomodulating Agents

Interferons/Interleukins


Different forms of interferons/interleukins are available.  They enhance the body’s immune response.  Can be used for leukemias, lymphomas, renal cell carcinoma, multiple myeloma, and hepatitis C.


ADRs include fever, flu-like syndrome, fatigue, diarrhea, and dizziness.
Monoclonal Antibodies


Herceptin (Trastuzumab) is a major advance in breast cancer treatment.  Humanized antibody is directed against HER-2 antigen, which is over expressed in 25% of breast cancer patients.  Used with Taxol.  ADRs include infusion reactions, cardiotoxicity, but no BMS.


Cetuximab (Erbitux) is an epidermal growth factor receptor (EGFR) inhibitor.  Used for colorectal cancer.  ADRs include acne-like skin rash and infusion reactions.


Bevacizumab (Avastin) is the 1st vascular endothelial growth factor (VEGF) angiogenesis inhibitor.  Used for colorectal cancer.  ADRs include GI bleeding and HTN

Others

Imantinib (Gleevec) is an inhibitor of tumor-specific BCR-ABL kinase in chronic myelogenous leukemia (CML).  Gefitinib (Iressa) is a tyrosine kinase inhibitor selective of EGFR.  Being used in NSCLC, head and neck, and breast cancer.  BOTH ARE TAKEN PO.


Thalidomide is used for leprosy, multiple myeloma, and investigational for various other cancer.  It is an angiogenesis inhibitor.  Category X for phocomelia.  
Gene Therapy


Gene therapy has moral and ethnical implications.  Over 500 (3500 patients) human gene therapy clinical trials are underway during the past 5 years.  Studies with gene therapy being conducted for inherited disorders, cancer, and AIDS.

Two Approaches

1) Genetic material introduced into the cells to alter the phenotype, but not the genotype

2) Permanent alteration of cell genotype leading to permanent modification of organ function

Delivery Systems or Vectors

Non-Viral

1) Liposomes

2) Naked DNA

Viral

1) Retrovirus

2) Adenovirus

3) Herpes virus
Supportive Care

1) Hydration

2) Diuretics

3) Anti-emetics

4) H2​ blockers

5) Steroids

6) Growth factors

7) Anti-microbials

8) Anticholinergics

9) Antihistamines

10) Analgesics

11) Transfusions
Anti-emetics

Phenothiazines

1) Includes Prochlorperazine (Compazine) and Promethazine (Phenergan)

2) Inhibit DA transmission at CTZ
3) ADRs – sedation, EPS, OH
Metoclopramide (Reglan)

1) Dopamine antagonist at CTZ

2) ADRs – sedation and EPS
Benzodiazepenes

1) Prevent cortical-induced vomiting, reduce anxiety, used in conjunction with other anti-emetics

2) ADRs- CNS depression, abuse potential
Serotonin (5-HT3) Receptor Antagonist

1) Ondansetron (Zofran), Granisetron (Kytril) and Dolasetron (Anzemet)
2) Highly effective for prevention of chemotherapy induced n/v
3) Block serotonin stimulation at CTZ and vagal nerve terminals
4) Very well-tolerated, primary ADR is headache
5) Very costly, used primarily prior to and up to 24 hours after highly emetogenic chemotherapy
Supportive Agents

1) H2 antagonists, steroids, and antihistamines – often used to prevent allergic reactions associated with administration of some chemotherapy agents

2) Steroids – used as anti-inflammatory agents in certain cancers in combo with chemotherapy (spinal tumors, brain tumors) 
Growth Factors


Filgrastim (Neupogen) is given SC QD for about 7-10 days until neutrophil levels are acceptable.  Pegfilgrastim (Neulasta) is given once per cycle.  It is a human recombinant granulocyte colony-stimulating factor.  Stimulates neutrophil production.  Used to treat chemotherapy induced neutropenia.  Accelerates neutrophil recovery and help prevent infection.  Very well-tolerated.  Primary ADR is bone pain.  


Erythropoetin (Epogen, Procrit) is given TIW.  Darbopoetin (Aranesp) is given QW.  It is a human recombinant erythrocyte colony-stimulating factor.  Stimulates erythrocyte production.  Used to treat chemotherapy induced anemia.  ADRs include HTN and headache.


Oprelvekin (Neumega) is a human recombinant platelet growth factor.  Used to treat severe thrombocytopenia following chemotherapy and reduce need for platelet transfusion.  ADRs include arrhythmia, peripheral edema, dizziness, and headache. 
Hospice Care

1) Concept – to provide medical, psychological, and spiritual support to terminally-ill patients and their loved ones

2) Focus on QOL, peace, comfort, dignity, and pain control

3) Typical life expectancy of hospice patient is 6 months or less.

Pain and Symptom Control

1) Opiods – gold standard for pain control is hospice.  Morphine is most commonly used

2) Benzodiazepenes – anxiolytic and anterograde amnesiac effects.  Act synergistically with opiods.

3) Barbiturates and Propofol – provide medically induced coma.
