Anti-cancer Drugs


ALKYLATING AGENTS

	DRUGS
	PK
	MECHANISM
	RESISTANCE
	USES
	AE

	Nitrogen mustard action
	p.o., i.v., i.a.
	-alkylation of many electron dense sites

-alkylation of guanine on DNA causes 3 types of actions at level of DNA:

    *base modification

    *cross linking

    *depurination

   -all this leads to impairment of DNA function
	-decreased transport

-increased repair of DNA

(repair enzyme deficiencies = genetic diseases accompanied by hi malig rates)
	
	

	Examples of Nitrogen mustards
	Cyclo-

phosphamide
	p.o. metabolic activation

toxicity at all doses

active metabolite reacts almost fully w/in the body and none is excreted
	-requires metabolic activation (P450) forming active N-mustard plus acrolein (causes hemorrhagic cystitis that can be blocked by SH compounds like 2-mercaptoethl sulfonic acid – MESNA)
	
	-many malignancies

-immunosuppressive
	Limiting toxicity:

   -BM depression

(leukopenia, neutropenia, anemia, thrombocytopenia, pancytopenia)

Acute hyperuricemia:

Hemorrhagid cysts (coadminister MESNA)

	
	Chlorambucil
	-oral

-slowest acting

-least toxic
	
	
	CLL manitenance


	

	
	Mechlor-

ethamine
	-i.v./i.a. only
	
	
	Hodgkins lymphoma

Non-hodgkins lympho..

Mycosis fungoides
	

	
	Melphalan
	p.o.

i.v.
	
	
	-myeloma
	

	Nitrosoureas: 

    
	 Carmustine (BCNU i.v.) Lomustine (CCNU p.o)
	
	
	
	
	

	Methane

Sulfonates
	Bursulfan
	
	
	
	-against myeloid cells

-CML
	-very toxic

	Ethylene-

imines
	TEM

Thiotepa
	
	
	
	-breast

-ovarian

-bladder carcinomas
	

	Cisplatin
	
	-activated by reacting w/water (aquation)

   -OH displace Cl

   -then react w/various sites on nucleobases like alkylating agents
	
	-tumors refractory to alkylating agents

-combine w/other drugs for tx of testicular cancer

-in a gel w/epi; inject into head and neck cancers (constricts and minimizes peripheral issues)
	-Nausea (use ondansetron)

-Limiting: NEPHROTIXICITY

which is reduced by hydration and mannitold diuresis (heave metal type kidney toxicity)

-Ototoxicity

-peripheral neuropathy

-Mg ion loss

	Carboplatin
	
	-no protein binding and slow aquation ( faster elimination, less toxicity and complications such as kidney damage and nausea
	
	-pts intolerant of cisplatin
	Limiting tox;

   -myelosuppression (thrombocytopenia)

	Oxaliplatin
	
	-cross links DNA

-chemical side chain imparts resistance to repair enzymes ( active even when cisplatin or carboplatin fail
	
	-colorectal cancer
	Limiting tox:

   -neurotoxicity


METABOLIC INHIBITORS

	DRUGS
	PK
	MECHANISM
	RESISTANCE
	USES
	AE

	Methotrexate
	p.o., i.v

-some mets, mostly renal excretion

-lo dose: 50% unchanged in urine

-hi dose: 90% unchanged in urine

(if clearance drops below 50 ml/min consier alternative chemotherapy)

-10% biliary excretion (in case of GI stasis: sig effect on plasma conc)

-hi dose metabolite:

 *7-hydroxymethotrexate potentially nephrotixic due to low solubility

-35% protein bound: drug interactions

-CSF access only by higher dose or intrathecal admin w/caution
	-enters cell via active transport (hi doses, drug diffuses into cell)

- methotrexate differs from DHF by one mehtyl group resulting in tight binding to and inhibition of DHF reductase which now deprives the cell of various folate coenzymes and leads to ( in biosynthesis of thymidylic acid, methionine, serine, and purines ( depressed DNA, RNA, and protein symthesis ( cell death

-MTX becomes polygutamated w/in cell; favors intracellular retension due to its large size and ( in (-) charge
	-lack of transport

-( reductase expression

-diff reductase expressed

-thymidine bypass
	-lymphoblastic leukemias in children

(not in myelogenous leukemias in adults)

-choriocarcinoma (w/dactinomycin)

-low dose, sustained use:

   *psoriasis

   *RA

   *abortions (w/PGs)

   *asthma
	-BM depres and GI tox = prominent

-liver, lung, pregnancy

-diff toxicity w/long term use: 

   *psoriasis and RA ( hepatic fibrosis and cirrhosis b/c don’t use in hi doses, js use for long periods of time

**Leukovorin rescue:

THF analog; in case of MTX BM toxicity leukovorin admin rescues normal cells from toxicity by acting on them to start producing puri/pyramid

	5-Fluorouracil (5-FU)
	
	-interfere w/nucleotide and DNA/RNA synthesis by:

   *inhibiting enzymes of intermediary metabolism

*serving as substrates after being phosphorylated to respective triphosphates

-has fluorine in place of H at positin 5 of uracil ring ( interferes w/conversion of deoxyuridylic acid to thymidylic acid depriving cell of one of the essential precursors for DNA syn
	
	-sold tumors (GI carcinomas)

-slow growing solid tumors (colorectal, breast, ovarian, pancreatic, gastric carcinomas)

-superficial basal cell carcinomas when applied topically
	-denudes GI tract

	Capecitabine
	
	-5-FU formed from this prodrug in cancer cells only thus site specific delivery (conversion takes place in target cells)
	
	-drug resistant breast cancer
	

	Cytarabine (ara-C)
	
	-analogue of 2 deoxycytidine (ribose replaced by D-arabinose)

-phosphorylated to ara-CTP

-competitive substrate/inhibitor of DNA polymerase

-incorporation into DNA causes chain termination
	
	-classically against myelogenous leukemias
	

	6-Mercapto-purine (6-MP)
	p.o

-7MP ( mets in liver to 6 methylmercaptopurine derivative or thiouric acid catalyzed by xanthine oxidase; allopurinol is frequently administered to cancer pts recovering chemo to ( hyperuricemia ( it’s imp to ( dose of 6MP to avoid accumulation of drug
	-must penetrate target cell and be converted to corresponding nucleotide 6-mercaptopurine ribose phosphate (6MPRP) AKA thioinosinic acid

-tio-IMP inhibits first step on de-novo purine ring biosynthesis as well as formation of AMP and xanthinyli acid (XMP) from inosinic acid (IMP)

-incorporated into DNA after phosphorylation to 6MP nucleoside triphosphate ( dysfunctional DNA/RNA
	
	-maintain remissions of ALL

-Immunosuppressive
	-bone marrow depression upon long term use


ANTIBIOTICS
	DRUGS
	PK
	MECHANISM
	USES
	AE
	OTHER

	Doxorubicin (Adriamycin) and Daunorubicin
	-i.v b/c inactivated in GI tract

-bile is major route of excretion

-drug imparts red color to urine

-doesn’t penetrate CNS
	Bind to DS DNA:

  -intercalation – partial unwinding of DNA blocks DNA/RNA synthesis

  -interfering w/topoisomerase II action causing unrepairable breaks

  -Quinone moiety chelates Fe2 catalyzing formation of active O2 species and of hydroxyl radicals which cause DNA strand breaks (inhibition of DNA and RNA synthesis

   -more effective during S phase
	-Daunorubicin

   *acute lymphocytic and granulocytic leukemias

-Doxorubicin:

   *solid tumors

   *broadest antitumor spectrum
	-CARDIOTOXICITY w/EKG changes followed by cardiac myopathy via superoxide anion and radical formation ( cardiac membrane destruction
	Doxorubicin: liposomal preparation

   -txof Kpaosi Sarcoma

  -cardiac SE minimizedor absent

   -liposomes eaten up by endothelial cells and macrophages = resulting in selective delivery of drug to these cells

   -selectivity: KS is derived from endothelial cells (tumor is highly vascularized)

	Bleomycin
	Not p.o. b/c hydrolyzed in GI tract b/o peptide structure necessary for it’s action

-renal excretion so watch for renal impairment

-i.v., i.m.
	-mixture of different copper chelating glycopeptides that cause scission of DNA by an oxidative process

-DNA-bleomycin-Fe (II) complex undergoes oxidation to belomycin-Fe(III); liberated electrons react w/oxygen to form superoxide or hydroxide radicals which in turn attack the phophodiester bonds of the DNA, resulting in strand breakage and chromosomal aberrations

-redox recycling regernates Fe(II) form

-causes cells to accumulate in G2 phase
	-combine w/etoposide and cisplatin for curing of testicular cancer

-squamous carcinomas of the head and neck, esophagus, and genitourinary tract

-Hodgkins and non-hodgkin’s lymphomas

-instill into bladder for carcinoma
	Lung toxicity 

  -tachypnea

  -dyspnea

  -cough

  -fibrosis

(due to low levels of deactivating hydrolase in lung and skin so accumulation of drug there)

Not immunosuppressive

Unexplained severe anaphylactoid reaction in 1% of patients
	


MITOTIC INHIBITORS

	DRUGS
	PK
	MECHANISM
	USES
	AE
	OTHER

	Vinca alkaloids

-Vincristine (Oncovin)

-Vinblastine
	i.v. only b/c tissue irritating
	-prevent microtubule assembly from tubulin during M phase

-active against other processes which depend on tubulin-based cell structure such as axonal transport, hormone secretion
	Vincristine:

   -DOC w/prednisone for remission of childhood leukemias

   -adult lymphomas

   -solid tumors

Vinblastine:

   -testicular tumors (now etoposide preferred in triple cocktail)

   -lymphomas, Kaposi, breast carcinoma, choriocarcinoma
	Vincristine:

   -neurotoxicity (peripheral manifestations; some tolerable but loss of motor function is considered serious)

   -lil myelosuppression

   -accidental intrathecal admin

Vinblastine:

   -neurotoxic, less leukopenia

   -avoid extavasation de to phlebitis and cellulitis (tx by promoting drug dispersal: hyaluronidase, heat)

   -GI disturbances

   -SIADH

   -Cardiotoxicity
	Resistance

   -co-resistance to other alkaloids and antibiotics: cellular export – P-glycoprotein/MDR protein

   -overcome resistance by supplying competing ligands/drugs for the transporter system

	Taxoids 

-Paclitaxel
	-extensive P450 metabolism

-difficult to solubilize for i.v. admin

-infused over long periods of time

-optimal dosing not established
	-causes assembly of tubulin to inappropriate tubule structures ( dysfunctional microtubules
	-refractory ovarian cancer

-metastatic breast cancer

-lung, esophagus, head and neck malignancies

-with cisplatin – choice against ovarian cancer
	-BM depression w/neutropenia 

-Myalgias

-hypersensitivity

-cardiac depression/arrhythmias (don’t combine w/bradycardic drugs (AV block)

-neurotoxicity
	

	Epipodophyllotoxin (VP16)
	-p.o., i.v.

-40% renal excretion (watch for kidney dysfunction

-CNS concentration up to 10% of that in plasma

-metabolites converted to glucuronide and sulfate conjugates and excreted in the urine
	-forming a topoisomerase II/DNA drug complex rendering it susceptible to irreversible breaks

-active in S and G2
	-combination w/bleomycin and cisplatin to cure testicular cancer and ovarian germ cell tumors

-Hodgkins

-Acute monocytic leukemias

-Oat cell carcinoma/lung
	Limiting:

   -leukopenia

   
	Resistance due to MDR but also due to altered topoisomerases
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	Tamoxifen
	
	-breast estrogen receptor antagonist
	-breast cancer

-prophylaxis in women w/breast cancer risk factors 
	-endometrial cancer

-hip fractures

-DVT

-pulmonary embolism

-stroke

-cataracts
	

	
	Raloxifen
	
	-estrogen agonist in bone

-estrogen antagonist in mammary tissue
	-reduce breast cancer incidence w/out causing endometrial cancer
	
	

	
	Glucocorticoids:
	
	Prednisolone, Prednisone

   -inhibit most immune cells

   -lytic to some lymphoid cells

   -ameliorate drug toxicity/inflam


	
	
	-common component of combination regimens

	Imatinib (gleevec)

STI-571
	p.o.

-highly protein bound

-P450 metabolism, metabolic activation
	-bcr-abl tyrosine kinase inhibitor

-AML: Philadelphia xsome overexpression of bcr-abl gene coding for tyrosine kinase whose target proteins drive cell proliferation

-imatinib fit ATP pocket on enzyme inhibition
	-AML

-Chronic CML when IFN ( fails

-GI stromal tumors

-other phila chromosome (+) leukemias

-lung, prostate, brain tumors (mutated kinas is less involved in cell proliferation thus see less dramatic response


	-nausea, vomiting, cramps, rash, diarrhea

-edema: pleural, pulmonary, ascites

-neutropenia, thrombocytopenia

-liver enzymes in 0.5%
	-Chronic CML tx

  -st. tx – interferon (
  -addition of ara-C (higher response, more toxicity)

  -allogenic BMT (siblings)

  -Imatinib in those fialing IFN (

	Gefitinib
	Chem name 4-Quinazolinamine
	-anilinoquinazoline 
	
	
	


MOLECULAR BIOLOGICALS
	DRUGS
	PK
	MECHANISM
	USES
	AE
	OTHER

	Trastuzumab
	
	-binds to HER2 encoded oncogen protein; overexpressedin aggressive tumors and metastatic breast cancer
	-metastatic breast cancer if refractory to other drugs or w/paclitaxel as 1st line to tx
	
	

	Rituximab
	
	-anti non-hodgkin’s lymphoma

-anti-cd20:

   -presents on all B lymphocytes and lymphoma cells

   -B lymphocytes recover from initial insult thus tumor selectivity
	-lymphomas
	
	

	Zevalin: ibritumomab tiuxetan (IT)
	
	-give rituximab, then Indium 111, followed 7-9 days later by a 2nd infusion of rituximab prior to Yttrium 90 IT
	-relapsed or refractory low grade, follicular or transformed B-cell non-Hodgkins lymphoma inlcuing pts w/ rituximab refractory follicular NHL
	Deaths due to rituximab
	-1st radioimmunotherapy approved by FDA

	Gemtuzumab – ozogamicin
	
	-antibody-targeted chemotherapy delivering ozogamycin to tumor


	-pts aged 60 > w/ CD33 positive relapsed AML
	
	

	Bortezomib
	
	-dipeptide boronic acid derivative, inhibits 26S proteasome (S26P)

   -S26P degrades proteins in signal transduction pathways, activating nuclear transcription factor reuired for cell growth and resistance to chemo induced apoptosis

-1st proteasome inhibitor
	-refractory multiple myeloma

-prolonged response in tx – refractory pts


	-inhibition of S26P increases cancer susceptibility to cytotoxic drugs:

   gencitabine

   cisplatin

   doxorubicin

   docetaxel

   paclitaxel

   irinotecan

   radiation

-nausea, BM depression, peripheral neuropathy
	

	Oblimersen: First Anisense Oligodeoxynucleotide underway
	
	-anti bcl 2 (anti-apoptotic protein)

   -inhibiting release of mitochondrial cytochrome C, preventing caspase activation (chew up endogenous protein so by locking this the senisitivty of tumor to chemotherapy increases)

   -over-expression in a lot of tumors, leading to reduced susceptibility to chemo

Oblimersen

   -antisense molecule binding to bcl-22 mRNA
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