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""" Cancer Chemotherapy

Drugs for Leukemias and Lymphomas
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» Cytotoxic drugs are given in repeated courses
arranged so that the recovery of normal cells
can occur, but little recovery of cancer cells is

possible.
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The lIdeal Anticancer Prugs
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* Adequate biological half life.

« Reasonably priced.
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Current Anticancer Drugs -
Sathe  gome iy Treak one %ﬁoeo'f cancer & ineresse Yoo sk oF ancther Hype

Carcinogenic.
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Cancer Chemotherapy - basics

Anticancer drugs have a small therapeutic index.
They produce toxic side effects. » in o> Ho chose offtprct
o\ el
. Know the tox1c1t1es.g;
of Wt Jromly
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Drug combinations - use ones that have
different

mechanisms and different toxicities.

« Drug cycles - Visible tumor = 1g or 10° cells.
Each cycle of therapy Kkills less than 99% of the
cells, so multiple cycles are necessary to kill all
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Cancer Chemotherapy - basics

Rapidly dividing cells are most susceptible -
» cancer cells

* bone marrow

* hair follicles

* intestinal epithelium

Slow growing tumors are less or

unresponsive because clions fierfy atlecting fip
CMs  More Puan oW
* (colon and lung cancer)
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Cell Cycle @D .
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Chemotherapeutic Drugs:
cell cycle dependence

Cell cycle specific: [C@
Antimetabolites

* Methotrexate
Fluorouracil
Capecitabine
Cytarabine
Mercaptopurine
Antibiotic

* Bleomycin

Agents from plants

* Vincristine, Vinorelbine
* Vinblastine

« Paclitaxel, Docetaxel
» Etoposide

Cell cycle nonspecific: (CCJ‘@

Alkylatmg agents
Mechlorethamine

» Cyclophosphamide

Chlorambucil

Ifosfamide

Carmustine

Lomustine

Busulfan

Platinum analogs

« Cisplatin, Carboplatin

Antibiotics

» Doxorubicin

« Epirubicin

« Dactinomycin



Chemotherapeutic Drugs:
Cell cycle phase specific action
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Alkylating Agents

L oxeret their effect B\g Co\fe,laﬂ'l'lg_ b;ﬂc];ng {\emdoﬁl"i\ib
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Nitrogen Mustards
 Mechlorethamine
* Cyclophosphamide
* Chlorambucil

* |fosfamide
Nitrosoureas

e« Carmustine

e« Lomustine

Alkyl sulfonate

e Busulfan

Platinum complexes
e Cisplatin

« Carboplatin



sugar-phosphate

backbone \

Crosslinked DNA

l P ONUNONONON N

Interferes with DNA replication @

and causes cell cycle arrest o ?zt




> P(\’\(Y\Q\'foﬁ\ ok DNA — P(wm'&r replicabion b} PWML RN A lakion &

Alkylating agents

* Mechanism of ArgFel?Q—.iw Dorene b O mpicckion G cpce

— Alkylation of DNA is the major interaction
that leads to cell death.

* The major site of alkylation within DNA is

the N7 position of guanine, o« bess o inveree ;Mw
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* These interactions can occur on a single
strand, or both strands of DNA throu%h
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Alkylating agents

Alkylation of guanine can result in:

* Miscoding through abnormal base-pairing
with thymine.

* Depurination, by excision of guanine
residues leading to DNA strand breakage.

* Cross-linking is of major importance to
the cytotoxic action, and replicating cells

are most susceptible. in Hhe lake G1& S phass
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Alkylating Agents: Nitrogen Mustards
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Cyclophosphamide
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Pharmacology: rm&abo(.-c, e

« well absorbed orally. A prodrug which
must be converted by liver cytochrome
P450 to active metabolite

Toxicity:

 N&V, cardiotoxicity, hemorrhagic cystitis,
“bladder burn”, or hematuria - blood in

urine, bone marrow toxicity
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« Activity greater than cyclophosphamide
Pharmacology:
* Given IV with MESNA (2-mercaptoethane
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* Converted by liver cytochrome P450 to active
& toxic metabolites.

« Toxicity: N&V, neurotoxicity (confusion),
nephrotoxicity, hemorrhagic cystitis or
hematuria (prevented by concurrent MESNA),
cardiac toxicity with high dose, bone marrow J
toxicity b onas i RO
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Alkylating agents: Nitrosoureas

Carmustine & Lomustine
tk—) L, tsed Ly Areak Blood cj\(scfeae{m
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* inhibits DNA, RNA and protein synthesis cz7 0t

Pharmacology: o b o b 4 0 B o, £ el o on ol o
* lipid soluble (cross$ blood-brain barrier)
Carmustine (BCNU)(1,3-bis (2-chloroethyl)-1-nitroso-
urea): IV infusion over 1-2hrs
Lomustine (CCNU) (1 -[2-chloroethyl1-3-cyclohexyl-1 -
chloroethylnitrosourea) : taken orally ) Do

L x Lycre \on"ba Urinefy
TOX]C]ty: Q;(Cf?&"’loﬂ of M bOJB

« profound delayed and cumulative bone marrow
depression, N&V, pulmonary fibrosis, renal
damage, reversible liver damage and leukemia.
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Alkylating agents: Alkyl sulfonates
Busulfan

* Pharmacology: well absorbed orally;
plasma

half-life 2-3hrs

« Toxicity: N&V, bone marrow depression
(stem frajpc gide Meck -

cells), pulmonary infiltrates and fibrosis.

Yiks indecatedin el /Vlyg[bf)o,aous lewJeemio. (CML)




TABLE 54-2 Alkylating agents and platinum analogs: Clinical activity and toxicities.

Mechanism of
Alkylating Agent Action Clinical Applications Acute Toxicity Delayed Toxicity
Mechlerethamine Forms DNA cross- Hodgkin’s and non-Hodgkin's Nausea and Moderate depression of peripheral
links, resulting in lymphoma vamiting blood count; excessive doses produce
inhibition of DNA severe bone marrow depression with
synthesis and L leukopenia, thrombaocytopenia, and
function ;mfof tal ¥ bleeding; alopecia and hemorrhagic cys-
Chlarambucil Same as above CLL and non-Hodgkin's Nausea and Utis oc..ms IO""_I I¥ occur with cydOpho?
lymphoma vomiting phamide; cystitis can be prevented with
<z adequate hydration; busulfan is associ
Cyclophosphamide Same as above Breast cancer, ovarian cancer, Nausea and ated with skin pigmentation, pulmonary
——— non-Hodgkin's lymphoma, vomiting fibrosis, and adrenal insufficiency
_ kopoe ¢ CLL, soft tissue sarcoma, [— | tmporXan
Nen L\mm F neurablastoma, Wilms tumor, ?
Cancers rhabdomyosarcoma \OS\‘
Bendamustine Same as above CLL and non-Haodgkin's Nausea and ) X\’b
lymphoma vomiting < \I\
Melphalan Same as above Multiple myeloma, breast Nausea and " \MVQ}
cancer, ovarian cancer vomiting Yg‘?\
Thiotepa Same as above Breast cancer, ovarian cancer, MNausea and G-fq'
superficial bladder cancer vomiting
Busulfan Same as above CML Nausea and
— vomiting
Carmustine Same as above Brain cancer, Hodgkin’s and Nausea and Myelosuppression; rarely interstitial lung
non-Hodgkin's lymphoma vomiting disease and interstitial nephritis
Lomustine Same as above Brain cancer Nausea and
vomiting
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Nonclassic Alkylating Agents
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—~Procarbazine (PO) and Dacarbazine i
(Parenteral) feot" L\Qé?k((\ 4+ NoA - H"‘JD kn \wfu‘ol/lo(\/\ox + Cerll-/\ E::L{:\G

* Inhibit DNA, RNA, and protein synthesis.
* Prolong interphase.

* Produce chromosome breaks, and DNA
strand scission.

« Carcinogenic potential is higher than that

of other alkylating agents.
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Nonclassic Alkylating Agents

Adverse effecrti e Juan ot o3 Aok Qsm
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Altretamine

Temozolomide

Procarbazine

Dacarbazine

Cisplatin

Carboplatin

Oxaliplatin

Same as above

Methylates DNA
and inhibits DNA
synthesis and
function

Methylates DNA
and inhibits DNA
synthesis and
function

Methylates DNA
and inhibits DNA
synthesis and
function

Forms intrastrand
and interstrand
DNA cross-links;
binding to nuclear
and cytoplasmic
proteins

Same as cisplatin

Same as cisplatin

Ovarian cancer

Brain cancer, melanoma

Nausea and
vomiting

Nausea and
vomiting, head-
ache and fatigue

Hodgkin’s and non-Hodgkin'’s
lymphoma, brain tumors

_L; Clesd @@B

Hodgkin’s lymphoma,
melanoma, soft tissue sarcoma

(entral nervous
qystem depression

Nausea and
omiting

Non-small cell and small cell
lung cancer, breast cancer,
bladder cancer, cholangio-
carcinoma, gastroesophageal
cancer, head and neck cancer,
ovarian cancer, germ cell
cancer

Non-small cell and small cell
lung cancer, breast cancer,
bladder cancer, head and neck
cancer, ovarian cancer

Colorectal cancer,
gastroesophageal cancer,
pancreatic cancer

Nausea and
vomiting

Nausea and
vomiting

Nausea and
vomiting, laryn-
gopharyngeal
dysesthesias

Myelosuppression, peripheral neuropa-
thy, flu-like syndrome

Myelosuppression, mild elevation in liver
function tests, photosensitivity

Myelosuppression, hypersensitivity
reactions

os¥ N loox is .{LO(M('(‘@)

Myelosuppression, central nervous
system toxicity with neuropathy, ataxia,
lethargy, and confusion

Nephrotoxicity, peripheral sen-
sory neuropathy, ototoxicity, nerve
dysfunction

Myelosuppression; rarely peripheral
neuropathy, renal toxicity, hepatic
dysfunction

Myelosuppression, peripheral sensory
neuropathy, diarrhea

CLL, chronic lymphocytic leukemia; CML, chronic myelogenous leukemia.
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Antimetabolites .. cc o

Methotrexate (MTX):

*It is a folic acid analog that inhibits
dihydrofolate reductase, interfering with the
synthesis of tetrahydrofolate.

*THF serves as the key one-carbon carrier in
the synthesis of thymidylate, purine

nucleotides, and the amino acids serine and
methionine.

*Thus, it interferes with the formation of
DNA, RNA and key cellular proteins.

24



Antimetabolites

* Intracellular formation of polyglutamate
metabolites, with the addition of up to 5-7
glutamate residues, is critically important for
the therapeutic action of MTX.

* This process is catalyzed by
folylpolyglutamate synthase.

 MTX polyglutamates are selectively retained
within cancer cells.
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Antimetabolites

Resistance develops due to:

1.

2.

Decreased drug transport via the reduced
folate carrier or folate receptor protein.

Decreased formation of cytotoxic MTX
polyglutamate.

. Increased levels of the target enzyme,

dihydrofolate reductase, through gene
amplification.

26



Antimetabolites

4. Altered DHFR protein with altered affinity
for MTX.

5. Activation of the multidrug resistance
transporter P170 glycoprotein.

27



Antimetabolites

MTX is administered by oral, intravenous,
and intrathecal routes.

Oral bioavailability is saturable and erratic
at doses greater than 26 mg/m?2.

Mainly eliminated by the kidney through
glomerular filtration and active tubular
secretion, thus dose reduction is needed
in renal dysfunction.

Its renal excretion is inhibited by aspirin,
other NSAIDs, penicillins, and

cephalosporins.
%% coadmninstrabon of these ol “9° wih MR Canst ’\“"C}}'
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Antimetabolites

* The biologic effects of MTX can be reversed
by administration of the reduced folate
leucovorin (5-formyltetrahydrofolate).

* Leucovorin rescue is used in conjunction
with high-dose MTX therapy to rescue
normal cells from undue toxicity, and in
accidental overdose.

29



Antimetabolites

Adverse effects:
*Mucositis, diarrhea

*Myelosuppression (neutropenia and
thrombocytopenia).
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Diet or
intestinal flora

!

Folate Methotrexate

T CELL ‘
Active-
transport
Folate process
]
1

1
Dihydrofolate < Methotrexate
reductase ,* °

o~

dTMP FHy --]--> FH,

Dihydrofolate
reductase
dUumpP

NS5, N1°-Methylene-FH,

Thymidine
Methionine
Serine

Leucovorin rescue

Administer N5-formyl-FH,
(leucovorin or folinic acid),
which is converted to

N5, N'%-methylene-FH,

and, therefore, bypasses
the inhibited reductase.
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Antimetabolites
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Cytarabine (Ara-C): is awloge of 2-deorycyhidine J

It is an S phase specific antimetabolite that
is converted by deoxycytidine kinase to the
5'-mononucleotide (ara-CMP).

-ara-CMP is further metabolized to the di-
and tri-phosphate metabolites (ara-CTP).

-ara-CTP may be the main cytotoxic , . squaniae
metabolite. L *‘“ﬂ
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Antimetabolites

* |t competitively inhibits DNA polymerase-a
and DNA polymerase-B, thereby blocking
DNA synthesis and DNA repair, respectively.

* |t is also incorporated into DNA (and RNA)
which interferes with chain elongation and
defective ligation of fragments of newly
synthesized DNA.
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Antimetabolites
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* Given by IV infusion over 5-7 days. (oo ad e
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Adverseﬁef?eﬂcts: “

* Myelosuppression (neutopenia and
thrombocytopenia) + ik dyfuch

* Mucositis, nausea and vomiting . .~

* Neurotoxicity (cerebellar ataxia).
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TABLE 54-3 Antimetabolites: Clinical activity and toxicities.

Drug

Mechanism of Action

Clinical Applications

Toxicity

Capecitabine

5-Fluorouracil

Methotrexate

Pemetrexed

Cytarabine

Gemcitabine

Fludarabine

Cladribine

6-Mercaptopurine
(6-MP)

6-Thioguanine

Inhibits TS; incorporation of FUTP into RNA
resulting in alteration in RNA processing;

incorporation of FAUTP into DNA resulting
in inhibition of DNA synthesis and function

Inhibits TS; incorporation of FUTP into RNA
resulting in alteration in RNA processing;

incorporation of FAUTP into DNA resulting
in inhibition of DNA synthesis and function

Inhibits DHFR; inhibits TS; inhibits de novo
purine nucleotide synthesis

Inhibits TS, DHFR, and purine nucleotide
synthesis

Inhibits DNA chain elongation, DNA
synthesis and repair; inhibits ribonucleotide
reductase with reduced formation of dNTPs;
incorporation of cytarabine triphosphate
into DNA

Inhibits DNA synthesis and repair; inhibits
ribonucleotide reductase with reduced
formation of dNTPs; incorporation of
gemcitabine triphosphate into DNA
resulting in inhibition of DNA synthesis
and function

Inhibits DNA synthesis and repair; inhibits
ribonucleotide reductase; incorporation
of fludarabine triphosphate into DNA;
induction of apoptosis

Inhibits DNA synthesis and repair; inhibits
ribonucleotide reductase; incorporation of
cladribine triphosphate into DNA; induction
of apoptosis

Inhibits de nove purine nucleotide synthe-
sis; incorporation of triphosphate into RNA;
incorporation of triphosphate into DNA

Same as 6-MP

Breast cancer, colorectal can-
cer, gastroesophageal cancer,
hepatocellular cancer, pancreatic
cancer

Colorectal cancer, anal cancer, breast
cancer, gastroesophageal cancer,
head and neck cancer, hepatocellular
cancer

Diarrhea, hand-foot syndrome,
myelosuppression, nausea and
vomiting

Nausea, mucositis, diarrhea, bone
marrow depression, neurotoxicity

Breast cancer, head and neck cancer,

osteogenic sarcoma, primary central

nervous system lymphoma, non-

Hodgkin's lymphoma, bladder cancer,

choriocarcinoma v the (Huser

Mesothelioma, non-small cell lung
cancer

AML, ALL, CML in blast crisis

Mucottis, diarrhea, myelosup-
pressipn with neutropenia and
thrombocytopenia

—= 29 ,‘mJ :
Myeldsuppression, skin rash,

mucofitis, diarrhea, fatigue,
hand-foot syndrome

Nausda and vomiting,
myeldsuppression with neutro-

Pancreatic cancer, bladder cancer,
breast cancer, non-small cell lung
cancer, ovarian cancer, non-Hodgkin’s
lymphoma, soft tissue sarcoma

Non-Hodgkin’s lymphoma, CLL

Hairy cell leukemia, CLL,
non-Hodgkin's lymphoma

AML

ALL, AML

penia and thrombocytopenia,
cerebellar ataxia

Nausea, vomiting, diarrhea,
myelosuppression

Myelosuppression, immunosup-
pression, nausea and vomiting,
fever, myalgias, arthralgias

Myelosuppression, nau-
sea and vomiting, and
immunosuppression

Myelosuppression, immunosup-
pression, and hepatotoxicity

Same as 6-MP

ALL, acute Iymphoblast:(leukem:a AML, acute myelogenous leukemia; CLL, chronic lymphocytic leukemia; CML, chronic myelogenous leukemia; DHFR, dihydrofolate reductase;

dNTP, d

leotide triph

hate; FAUTP, 5-fluorodeoxyuridi

5”-triph

FUTP, 5-fluorouridine-5"-triphosphate; TS, thymidylate synthase.



