® The term ‘cancer’ refers to a malignant

Cancer cell biology and cancer
‘chemotherapy: general principles

neoplasm (new growth).

Cancer cells can manifest:

—uncontrolled proiiferation

--loss of function due to lack of the capacity to
differentiate

—invasiveness

—the ability to metastasise.

Cancer arises as a result of a series of genetic
changes in the cell, the main genetic lesions being:

—inactivation of tumour suppressor genes

~—the activation of oncogenes.

Most anticancer drugs are antiproliferative and will
also affect rapidly dividing normal cells; they are

thus likely to depress bone marrow, impair healing,

depress growth, cause sterility and hair loss, and
be teratogenic. Most cause nausea and vomiting.
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Human cancer cells, unlike their normal counterparts, have shed the molecular restraints to
limited cell growth and are immortal. Exactly how cancer cells manage this at the molecular
level is beginning to be understood, Human cells must overcome two barriers to cellular
proliferation. The first barrier, referred to as senescence, minimally involves the p53 and Rb
tumor-suppresser pathways. Inactivation of these pathways results in some extension of
lifespan. However, inactivation of these pathways is insufficient for immortalization, As
normal cells undergo repeated rounds of DNA replication, their telomeres shorten due to the
inability of traditional DNA polymerases to completely replicate the end of the chromosomal
DNA. This shortening continues until the cells reach a second proliferative block referred to ag
crisis, which is characterized by chromosorma] instability, end-to-end fusions, and cell death.
Stabilization of the telomeric DNA through either telomerase activation or the activation of the
alternative mechanism of telomere maintenance {ALT) is essential if the cells are to survive
and proliferate indefinitely. Conversely, loss of telomere stabilization by an
already-immortalized cell results in loss of immortality and cell death. Together this indicates

that telomere maintenance is a critical component of immortality, In this review we attemptto - -

describe our current understanding of the role of telomere maintenance in senescence, crisis,
and temorigenesis. Copyright 2000 Academic Press,
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794 ‘ CONCEPTS PHARMACOLOGIQUES GENERAUX
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Figure 2. Schéma et phases du cycle cellulaire des ceilules cancéreuses.
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Fig. 36.1 The cell cycle. A dividing cell starts in G, phase, toeling up for DNA synthesis. R = a restriction point or check
point. Progression signals, provided by growth factors, are necessary for the cycle to pregress - beyond the check point.
Inhibitory feedback controls hold up DNA synthesis if thers is DNA damage, allowing ime for repair. If repair fails, apoptosis
(cell suicide) may occur. In cancer cells there is (1) abnormally increased growth factor function and/or abnormal ONA
synthesis as a result of oncogene activity and/or {2) abnormal decrease in feedback control due to functional disturbance of
tumour suppressor genes. G, represents & phase in which calls are not dividing but can re-enter the cell cycle. As a call
differentiates, it leaves the cycle.
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FIGURE VI-1  Major approaches to therapy of cancers. Tumor cells are shown in red and non-
tumor cells in green: *In clinical use. Others are experimental. ‘
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ALKYLATING AGENTS

Nitrogen mustards
Mechlorethamine HCl
(nitrogen mustard,
HN,, HCI
Meiphalan {L-phenyiala-
nine [L-PAM])
Chlorambucil
Cyclophosphamide
Ifosfamide
Nitrosoureas
Carmustine {(BCNU)
Lomustine (CCNU)
Other
Cisplatin (cis-diam-
minedichloroplat-
inum)
Carboplatin {Paraplatin)
Busulfan
Dacarbazine (DTIC)
Procarbazine
Triethylensthiophos-
phorarnide {thio~
TEPA)

ANTIMETABOLITES

Methotrexate (MTX)

Mercaptopurine {6-MP)

Thioguanine (6-TG)

Fluorouracil {5-FU)

Gemcitabine (2!, 2!-
diflucrodeoxycytidine
[dFd])

ANTIMETABOLITES—
cont'd

Cytarabine (cytosine ara-
hinoside {Ara-Cl)

Pentostatin (2-deoxyco-
formycin) :

ANTIBIOTICS

. Dauncrubicin (dauno-

mycin)
Doxorubicin (Adriamycin)
Bleomycin
Dactinomycin (actino-
mycin D)
Mitomycin :
Plicamycin (mithramycin)

HORMONAL AGENTS

Prednisone
Tamoxifen
Flutamide
Leuprolide
Goserelin

OTHERS

ASpara_ginase
Hydroxyurea

PLANT ALKALOIDS
Vincristine

Vinblastine

Etoposide {VP-16)
Teniposide (VM-26) .
Taxol (paclitaxel)
Topotecam (Hycamtin) ~

*® O
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Anticancer drugs: antimetabolites

® These drugs block or subvert pathways in
DNA synthesis.

® Folate antagonists: Methotrexate inhibits
dihydrofolate reductase, preventing generation of
tetrahydrofolate; the main result is interference with
thymidylate synthesis. Methotrexate is taken up
into cells by the folate carrier, and, like folate,
converted to the polyglutamate form. Given orally.
Normal cells affected by high doses can be
‘rescued’ by folinic acid. _
Unwanted effects: myelosuppression, possible
nephrotoxicity. s

® Pyrimidine analogues: Fluorouracil, given orally or - §
intravenously, is converted to a fraudulent
nucleotide and inhibits thymidylate synthesis.
Cytarabine, given intravencusly or
subcutaneously; its triphosphate form inhibits DNA
polymerase; potent myelosuppressive.

® Purine analogues: Mercaptopurine, given orally, is
converted into a fraudulent nuclectide.
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Fi’gure#. Structures chimiques des ant'imétaboliques (DCI)

3.1. Antifolique

: NH, g /O
- —NI/O Oj—cw,—m c”
o N o /o ,
| , HeN HC Plll-f o
' CH—COOH
i ‘
CH,
1
CH,
T
. COOH .
méthotrexate*

* 3.2. Antipyrimidines
e o
L

NH,U—CH —
‘ }
- Re=CHEM |
X B | o |
. . . “- -
N 0 | . | i‘ |
F NH - ('ZH—“—
0 : - o : - CH,0H
® fluorouracil* cytarabine*
3.3. Antipurines
SH _ -
N)I.NH HN NH
RN -N) FaN = Ng .
mercaptopurine* tioguanine*

* CI. Tableau I3 pour les noms de Spécialités (B, CH, F) et les
présentations. :



Figure 3. Réles méraboliques et synthétiques (ADN) des folates en refation avec la vitamine B,

_&_

:ADN' - R

dUMPpP P dTMP

{désoxyuridylate ) / \ { thymidylate )

Ns /Nm methényl -THf =2 —_—— Ns . Nm -méthyiéne ~THF

II

Nig— formyl - THF

(23

I glycine

- Ng — formyl -THF
. . , . . homocystéine
{acide folinique) sérine /_\ Y
ﬂ : Yitamine .

{3 Bn

\\, méthionine

Ny - méthyl -THF

. Enzymes: '(1) thymidylate-synthétase Q d L)‘“’

(2) dihydrofolate-réductase
(3) méthionine-synthétase

Folates: B Actions:

Ns-méthyl-THF synthése de la méthionine
N;, Nyp-méthylene-THF synthése de thymidylate

’ conversion sérine-glycine
N,,-formyl-THF . synthése des purines
N;, Nyp-méthényl-THF synthése des purines
N;s-formyl-THF (acide folinigue) conversion en formes actives
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la fluoxuridine.
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Nucleotide pyrophosphowiasﬁ N l \>

72 NN

PRPP PP 0 N

6-Mereaptopurine . HO——e P——.O---_C!"lz .
Q-
OH OH

) &-Mereaptopurine-rinosa-P
{a) : {thic-inosine monophosphate; thiq—lMP}

. Inosinic 2cid [IMP)
' NAD

Aspartate .
GTP

NADH,

GDP + Pi B-MP {B-thic-1MP)

Adenylosuccinate | : - Xanthate {XMP)

ATP Glutamine

Fuymarate . AMP + PP} - Glutamate

AMP _ GMP
ADP ————s— ATP GTP ~#———GDP

dADP . 4GP

/

dATP dGTP
cTP \ / N1
) \ DNA /
L™

Figure 13.12 Action of é-mercaptopurine as a purine biosynthesis inhibitor. {a)
Convession to thio-IMP; (b) inhibition of purine biosynthesis.
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Anticancer drugs: cytotoxic antibiotics

'® Doxorubicin inhibits DNA and RNA
~ synthesis; the DNA effect is due to
interference with topoisomerase Il action. Given by
intravenous infusion, it is excreted mainly in bile.
Unwanted effects: nausea and vomiting,
myelosuppression, hair loss; it is cardiotoxic in high
- doses.
® Bleomycin causes fragmentation of DNA chains. It
can act on non-dividing cells. Given by injection.
Unwanted effects: fever, allergies, mucocutaneous
reactions, pulmonary fibrosis. Virtually no
myelosuppression. . -
® Dactinomycin intercalates in DNA, interfering with
RINA polymerase and inhibiting franscription. it also
interferes with the action of topoisomerase lI. Given
by injection. - o
Unwanted effects: nausea and vomiting,
myelosuppression.
® Bitomycin is activated to give an alkylating
metabolite. Given intravenously.
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160 ‘ ANTIMICROBIAL DRUG ACTION

Ethidium

CH, CH, CH,

*
NH—'CH-—‘tCHz}z‘—'N—”‘H .

. . = CH,CH,
whmm«u&p
Gl N*
pmp R=H  Daunomycin H
- (rubidemycin) ]
W . R=0H Adriamycin o S _ Chloroguine
/ w\ / \
L-N-—MV  Lepro L-pro N—-—MV
0 | _l o
L-thr o -val- 0 @l ———t.-thr

Actinomycin D :

Figure 8.1 Structures of intercalating drugs Abbreviations: val = valine, pro =

proline, sar = sarcosine, MV = N-methylvaline, thr = threonine.
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HO-P=0 : 0=P-OH
\ Sugér —— Base z===z== Base- ——— Sugar./
/. - N
/;DTUQ .
¥
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H\ /H A
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H” My
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\ Ba;e ======= Base / \

Figure 8.4 Binding of intercalators to DNA. Note that the intercalation of the
drug is stabilised by hydrogen bonding between the amino groups of
the drug and the phosphate groups of the backbone while the hydro-
phobic interaction of the drug chromophore and the bases increases as
a result of the increased aromaticity of the drug. The distance between
the NH, groups of acridines and ethidium is about ! nm.
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MEDICAMENTS ANTICANCEREUX - = - ) ‘ 823

Tableau 6= Principales caractéristiques. cinétiques des anthracyclines chez Fhomme

Anthracyelines (DCH Ty, (min) T'/,a {min) T'/;.I. [t:3] Clearance corporelle (L/h/mb) Métabolites principaux
doxorubicine 5 60 30 : 20-24 - doxorubicinol
. o ) aglycones
daunorubicine - 8-10 1203000 - 29 ' 15-24 ) ’ : daunorubicingl
. , - o . . C agiycones
" zorubicine ' 20 120360 37 _ 30-40 7 daunorubicine
) : daunerubicinol -
épirubicine ' 2-3 30-50 20-30 20-30 ' épirubicinol
. o ‘ ' glucuroconjugués
' aclarubicine 2-5 20 3 240 ~ 11 métabolites *

Tableau 7: Principales toxicités aigués des anthracyclines aux doses usuelles (doses utilisées dans le traitement: des letcémies aigués
pour la daunorubicine, la zorubigine et Paclarubicine)

" Effers indésirables doxorubicine daunorubicine Zorubicine - épirubitine aclarubicine
Myélosuppression ++ 5 ' ++ +++ ++ B
Vomissements : ++ _ + + + - B o +-
Alopécie . : b + + + o+ S+ —
Causticité ' ‘ + 4+ R+ PR R -
Cardiaques ¥ '

Conduction Y +/— - — £
Rythme B _ —_ : —_ s

‘Mucites 4 o+ + " -+

Hépatotoxicité. — — ‘ o — +

*++ + dénote un effet indésirable observé chez plus de 80% des malades traités;

++  dénote un effer indésirable observé chez 50 4 30% des malades traités;

+ dénote un effet indésirabie observé chez 25 4 50, des malades traités; '
+/~ dénote un effer indésirable observé chez moins de 25% des malades traités mais formellement imputable 2 Ia molécule indiquée,



Anticancer drugs: alkylating agents
and related compounds

o Alkylating agents have alkyl groups

which can form covalent bonds with cell

substituents; a carbonium ion is the reactive

intermediate. | |
Most have two alkylating groups and can cross-link
two nucleophilic sites such as the N7 of guanine in

DNA. Cross-linking can cause: |

— defective replication

—pairing of alkylguanine with thymine, and then
substitution of AT for GC

—excision of guanine and chain breakage.

@ Their principal effect occurs during DNA synthesis.
@ Unwanted effects include myelosuppression,

- sterility and risk of non-lymphocytic leukaemia.
@ The main alkylating agenis are:

— Nitrogen mustards: e.g. cyclophosphamide,
which is activated to give aldophosphamide,
which is then converted to phosphoramide
mustard (the cytotoxic molecule) and acrolein

~ (which causes bladder damage that can be
ameliorated by mesna). Cyclophosphamide
myelosuppression affects particularly the
lymphocytes. Given orally.

— Nitrosoureas: e.g. lomustine may act on non-
dividing cells; can cross the blood-brain barrier;
causes delayed, cumulative myelotoxicity. Given
orally. | |

® Cisplatin causes intrastrand linking in DNA; it has
low myelotoxicity but causes severe nausea and
- vomiting and can be nephrotoxic. Given
intravenously, it has revolutionised the treatment of
germ cell tumours.
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Fig. 36.3 The possibie efiects of bifunctional alkylating
agents on DNA. (G = guanine; C = cytosine; A = adenine; -

T = thymine)
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® . : HE
H—N< VR R—N//CH"’ — R—r\f@@ +<f“ | j:’
CH,CH,CI” CH,CH,CI CUCHeHC]  NTTSWTNH,
: DNA chain
r R - R j
e © T @
H2C’/ \CHZ,C\H CICH,CH,” “CH,CH, &
\CH 2 \2
, _

DNA chain

2 O . '
N2 NH
v
<N:fr\:>w2 cr

e

L4
DNA chain

2 4 4

L \ -- )
i (6)

's«gc’N‘CHzc\Hz 9

;%?EHz {NT\NH

r

] - DNAchain .
\ . .
I ]

N
QO CHGH” “CHGH,

0
o/ e ]
s QO IRE B
HAN SN N ) N)\NH2

DIQA chain DNA chain

Fig. 36.4 - An example of alkylation'and cross-
linking of DNA by a nifrogen mustard. Abis
{chioroethyl) amine (1) undergoes intramolecular
cyclisation forming an unstable ethylene immonium
cation and releasing a chloride ion (2}, the tertiary
‘amine being transformed 1o a quaternary ammonium
compound. The strained ring of the ethylene
immonium intermediate opens to form a reactive
carbonium ion (in ight pink box) (3), which reacts
immediately with N7 of guanine (in grey box} to give
7-alkylguanine {bond shown in red), the N7 being.
converted 1o a quaternary ammonium nitrogen (4). A
bifunctional alkylating agent may undergo a second
cyclisation (5), with carbonium ion formation—in light
pink box (6), and interact with another guanine

- residue—in grey box—thus linking two bases as

" shown in Figure 36.3 (7). ‘



CANCER AND ANTICANCER AGENTS , 307

philic. (it has an available lone electron pair) and reacts with the carbonium ion to
form a covalent bond lining the two. Only bifunctional alkylators, that is those
which carry fwd)chloroethyl side chains attached to the nitrogen, are capable of
causmg cross-lmkmg in DNA. : . .
&

CHy—CHy—Cl

R—N . . Nitrogen mustard : {—ﬂ
_ A
_‘CHZ—-CH;“'CL :

&

CH;—CH;—*CI
i R-—;N——-"'CH2 ’ Immonium jon

/
H,

‘Re=——N _Carbonium ion

AN

CHy+CH,

Figure 13.6 Formation of the active alkylation species. The reactive carbonium

ion is formed for the second alkylatmn which may result in cross-
linking.
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306 " ANTIMICROBIAL DRUG ACTION

/CHy—CH;—CL

Nitrogen mustard

Guanine in ONA

CH;~CH— N._—CH;—CH;—-CL )
R : i

Monoaikylation at N7 of guanine

H,N
. HN l N\>
¥ _ Guanine in DNA

OH CH —CH,— N—CH—CH JH -
2 2 2 2
. l N\,

N N :
N IS
N > ¢ |
H,N N T T N/ NH,

R R

Cross-linking of two guanines in different parts of the DNA molecule

Figure 13.5 Action of aikylating agents on DNA.
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Change in )
absorbance T
at 260 nm

Temperature

Figure 13.7 - Melting profile- of cross-linked DNA. Curve 1 is the heating profile

of native double-stranded DNA in the presence or absence of a cross-

linking agent;.curve 2 is the cooling profile of DNA in the absence of
drug; curve 3 is the cooling profile of DNA in the presence of drug.
Note that these are idealised curves and . would indicate 100 per cent
cross-linking of the DNA molecule.

Normai DNA
Rapid
Heat ‘ - ¢cooling
A — i ————
Cross-linked DNA
"Rapid
Hear ' cooling
—-—_-—-.,. O ——————— .

Figure 13.8
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Tableau 3: Principales toxicités-aigués des moutardes azotées

aux doses usuellies.

Effets indésirables . ' Moutardes azotéss (DCD

chlorméthine: meiphalan - chiorambucil

Myélosuppression + P e s
~ Vomissements _ + ++ o foe S —
Alopécie K 7 b S R —
Causticité locale (i.v.} ++ + —_ . -
Cardiaques - — —_
Mucites o+ —_ -
Fibrose pulmonaire* — ++ —_
Hépatotoxicité e — —_

++ + dénote un effet indésirable observé chez plus de

malades traités;

des traités;

dénote un effet indésirable observé chez 25 & 50% des mala-

des traités;

+/— dénote un effet indésirable observé chez moins de 25%

80% des

++  dénote un effet.indésirable observé chez 50 a 80% des mala- -

des

malades traités mais formeliement imputable & la molécule

indiquée. _ _
Toxicité observée aux doses les plus élevées.
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Anticancer drugs: plant derivatives

® Vincristine inhibits mitcsis at metaphase
by binding o tubulin. Given by injection.
Relatively non-toxic, but can cause unwanted
neuromuscular effects. | .
Etoposide inhibits DNA synthesis by an action on
topoisomerase {l, and also inhibits mitochondrial
function. Given orally or intravenously. Common
unwanied effects include vomiting,
‘myelosuppression and alopecia.
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Anticancer agents: hormones and
radicactive isciopes

© Hormones or their antagonisis are used
in hormone-sensitive tumours:
— Glucocorticoids for leukaemias and lymphomas
— Qestrogens for prostate tumours .
- —Tamoxifen for breast tumours
—GnRH analogues for prostate and breast
tumours
- — Antiandrogens for prostate cancers ,
—Inhibitors of sex hormone synthesis for
postmenopausal breast cancer.
© Radioactive isotopes can be targeted at specific
tissues, e.g. ' for thyroid tumours.
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Tableau 19: Principaux effets indésicables des alcaloides de la pervenche

Effets indésirables*

Alcalgides de la pervenche

vineristine vinblustine vindésine vinorelbing
Myélosuppression /= + 4 + + &
Nausées/vomissements 3 +/ - ' +/ = /-
Alopécie + + + + oy
Caustricité + 4+ o+ + o+ + o+
Neuropathie périphérique + o+ o+ - + o+
Neurotoxicité centrale + - +i- -

*  CY. Tableau 3 pour la‘signification précise des symboles utilisés.
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FIGURE 45-13

Mammalian DNA topoisomerase [I mechanism and anticancer drug action.
Marmmalian DNA topoisemerase II forms two different types of protein-DNA complex that are
in rapid equilibrium: the noncieavable complex (B) and the cleavable complex {C). These com-
plexes can be identified in vitro by the ability of detergent or alkali to separate DNA strands.
The cleavahle complex is transient but is stabilized by doxorubicin, daunorubicin, etopeside,

and actinomycin D. In the absance of drug, DNA strand passage cccurs, whereas drugs block
DNA strand passage and DNA replication.
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FIGURE 45-2 Decline in viable cells is first order with respect

to drug concentration. Many antineoplastic agents and cultured

tumor cells follow this relationship, thus establishing the pra
cipies of a fixed percentage of viable cells killed per concentra
tion of drug. This same relationship appears to apply in vive, ab ;-
though the actual situation may be more complex. A threshold;é
conceniration of drug is often required to causs a noticeable d‘a;;
crease in csll survival, This pheriomenen, called survival shoul’;
dar. may reflect endogenous repair processes. -
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binding
protein_

Fig.28.11 Diagram showing several possible mechanisms of
drug resistance. The classical biochemical view. Resistance can occur
because of: (I} decreased uptake; (2) rapid efflux via membrane transport
proteins, (3) increased intracellular binding to glut:;thionel(GSH); (4) an
altered target protein, either an increased amount or decreased binding
affinity; (5) inactivation by intracellular detoxifying enzymes; {6) altered
topoisomerase 1, either a decreased amount or reduced affinity for a
drug: and (7) enhanced repair of DNA damage. (DHFR, dihydrofolate
reductase)
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Methotrexate
impaired
@- transport
into cells
Methotrexate
impaired

| @ polyglutamate
formation -
Methotrexate Glup

increased or
aitered
dihydrofolate reductase

FH2 C - FHa4
| decreased

thymidyiate
synthass

TMP dUMP

Figure 51--8. Mechanisms of tumor cell resistance to
methotrexate.

TMP, thymidine monophosphate; dUMP, deoxyuridine
monophosphate; FH,, dihydrofolate; FH,, tetrahydrofolate;
- Gluy, polyglutamate.
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Tableau I: Cotation de I’OMS relative aux effets toxiques aigus et subaigus des agents anticancéraux

CONCEPTS PHARMACOLOGIQUES GENERAUX

GRADE 2

N:  Limite supérieure de {a valeur normale,

(b): A Pexclusion des ralentissements de transit secondaires 3 'emploi de narcotiques,
(c):  Seules sont considérées les douleurs en rapport avec le traitement et non les douleurs liees 4 la maijadie.

NEB, = Toxicité cardiaque:

Grade ¢ Absence de toxicité. )
Grade | Toxicité ne nécessitant pas I’arrét du traitement {4 détailler).

Grade2 Toxicité nécassitanc [*arrét du graitemcm (a détailler).

GRADE 0 GRADE 1 GRADE 3 GRADE 4 GRADE'S
Hématologigue {adulte)
o> 1.0 /100 mi 9.5-10.9 g/100 ml 8.0-9.4 /100 ml 6.5-7.9 2/100 ml < 6.5 g/100 mi Toxicite
Hémoglabine: > 116 g/L 95.109 g/L 80-94 ¢/L 65-79 g/L < 65 g/, lézale
> 6.8 mmol/L 5.6-6.7 mmol/L 4.95-5.8 mmol/L 4.0-4.9 mmol/L < 4.0 mmol/L . l PR
Lencocytes > 4.0 3.0-3.9 2.0-2.9 1.0-1.9° < 1.0 '
{(1.000/mm") - . _ -
Poly. Neutrophiles _ > 2.0 L5-1.9 1.0-1.4 0.5-0.9 . < 0.5 -
(1.000/mm?)
Plaguettes > 100 75-99 50-74 2549 <23
- {1.000/mm?*)
Hémorragie Absence - Pétéchies Modérée Moyenne Importants
Bilirubine > 1L25xN 1.26-2.5x N 2.6-5%XN 5.1-10x N < I0xN
Transaminases > 125 xN 1.26-2.5XN 2.6-5xXN 5.1-10xN < 10N
Phosphatase alcaline > L25xN. 1.262.5xN 265N 5.1-10% N < 10xN
-Mug. buccale Sans changement Douleur Erythéme Ulcération - Alimentation
- - : alimentation liquide =~ impossible
seulement
Nausés Absence Nauséz Vomissement Vomissements Vomissements - .
) : transitaire aécessitan: incoercibles
traitement -
anti-émétique
Diarrhée Absence Transitaire Tolérable Intolérable Hémorragique -
S—— < 2 jours > 2 jours demandant Déshydratation -
traitement
Urde-
Urémie ou < L25xN 1.26-2.5x N 2.8-3xN 5-I0XN > 10xN
Créatinémie ' .
Protéinurie- S-a.nsrchangemcn: 1+ 2-3 + 4 4
<03g 0.3-1.0g > 1l0g Syndrome
<3g/L 3.10 g/ > 10 g/L néphrotique
Hématurie - Sans c¢hangement ‘Microscopigus Macroscopique Macroscopique Anurie
: + caillots
Pulmonaire Sa.n,s changement Léger symptdme Dyspnés d'effort Dyspnée de repos Repos ait lit complet
. Figvre Absente < 38°C 38°40°C > 40°C Figvre avec
hypozension
Réaction allergique Sans changement Edéme -Bronchospasme Bronchospasme Choe
n’appelant pas appelant anaphylactique
réanimation réanimation
" Cutané Sans changement Erythéme Desquamation Suintement Dermatite )
Viésicules Desquamation exfoliative '
Prurit Ulcéracion Nécrose
appeiant exérise
* _Effet alopéciant Sans changement Pertz de cheveux Alopécie Alobécie
] . modérée par compléte mais Alopécie
plaques réversible irrdversible
Infection Absence Mineure Modérde Majeufc Choc infectienx
Neurotoxicité
Etat de conscience Vigile Assoupisserenes Somnolence Somnoience Coma
< 50% des heures > 50% des heures
d*éveit d’éveil
Périphérique Absence Paresthésies Paresthésies Paresthésies Paralysie
et/ou diminution sévéres et/ou intolérables et/ou
des réflexes faibiesse modérée diminution
tendineux imporzante de
ia force motrice
Constipation (b} Absence Légére Modérée Météorisme Météorisme
abdominal et vomissaments
Douleur {c) Absence Eégere Modérée Sévére Intolérable
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TABLEAU IV. — Risques potentiels des médicaments anticancéreux utilisés en thérapeutigne : risques et précautions
A prendre en considération par tes personnels maniputant des medicaments
e
Dénomination ) : . . o
commune Causticiié Allerzie Mutagéniciré Carcinogénicité Tératogéniciré
-Lmemationale
-
- winomycine — ? = inconnue = {animal)
/' pomycine + + + * inconnue + {animai)}
- .fétamine + + + inconnue + (animat}
Amsacrine 4+ —_ + inconnue. + (animal)
Asparaginase —_ + = improbabie <+ {(animal} .
Bléomycine - -+ + inconnue + (animal)
Busulfan _ — + probabie inconstante (humain)
.- Carmustine + - -+ certaine probable (animal)}
© Chlorambucil — - + certaine + (animal)
Cispiatine ] —_ +/— + inconnue + (animai)
-»+ Cyclophosphamide - = + certaine + (homme}
===Cywarabine -/ +/— s }mprobable + (animal)
Dacarbazine ++ - + inconnue + (animal)
Dactinomycine + —_ + improbable + (animal)
Daunorubicine + — + inconnue -+ (animal)
Doxorubicine 4o i — = + improbable + (animal)
Elliptictaitm + - + + inconnue + {animal)
Etogoside + + = inconnue + {animal).
Fluoro-uracile — + + inconnue -+ {animal)}
Hydroxyurée — — * improbable * (animal)
Hosfamide - _ o+ inconnue + {amimal)
* Lomustine + + + probable + {amimal)
" Méchloréthamine + + + probable + {animal)
Meiphalan + o /e - probabie + {animal)
Mercaptopurine — - +/— improbable +/— (animal)
‘hotréxate —_ + + improbable =+/— (animal)
guazZOne - — . 4 inconnue +/— (animal)
mycine + - - + probable + {animatl)
Mitoxantrone - — — +/— inconnue +/— {animal)
Procarbazine + + + probable + {animal)
Streprozocine —_ — 4 possible + (animai}
Téntposide - _ + inconaue + (animal}
Thioguanine — - = inconnue + (animalb)
Thiotépa —_ - - inconnue -+ (animai)
Vinblastine + 4 — + improbable + (animal)
Vincristine + + — + improbabie + {animal)
Vindésine + + —_ v inconnue -+ {animal)
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Nofions essentieiles

Les immunndéprcsseﬁrs_ chimiqués classiques sont .

- des agents anti-prolifératifs, sélectionnés sur lenr

refative sélecivité pour la lignée lymphoide : es-

- sentiellement azathioprine (analogue des purines)

et le cyclophosphamide (agent alcoylant). - -

La ciclosporine est un polypeptide d’origine fongi-
que, ayant un effet sélectif sur la lignée Iymphoide.
Elle agit préférentiellernent sur les réponses T-

, 'dépendantc_s, en inhibant la production d’inter-

leukine 2.

Les glucocorticoides, uiilisés 3 dose forte (1 mg/kg
en équivalent de prednisone) inhibent : immunite. .

& médiation cellulaire (en inhibant la production
d’interleukine 1 et d’interienkine 2), la phagocy-
tose dans le systéme réticulo-endothélial d’héma-
ties ou de plaquettes recouvertes d'anticorps, la

baciéricidie par les cellules phagocytaires.

Les anticorps monoclonaux antilymphocytes agis-
sent en éliminant les lymphocytes porteurs des
molécules qu’ils reconnaissent. et surtour en inter-
férant avec la fonction de celles-ci.

_Les thérapentiques immunodépressives ont deux
ordres de compiications communes 3 tous les

produits : augmenzation de la fréquence et de la -

pour certaines affections malignes.

Chaque immunodépresseu_‘r peur avoir, en ouire,
des complications qui lui sont ‘propres. Les plus
importantes sont : la toxicité hémaropoiétique des
agents anuproiifératifs (newemerit plus marquée
pour le cyciophosphamide gue pour I’2zathio-
prine} ; la néphrotoxicité de la ciclosporine.

La pharmacocinétique trés variable et la toxicité
rénale de fa ciclosporine imposent le recours régu-
lier & des dosages sanguins et 3 des adaptations de
posologie. '

Dans le domaine des greffes allogéniques, la ciclo-

gravité des infecticns ; augmenration du risgue

- sporine a consiitué un progrés considérable : amé-

lioration du pronostic des greffes de moelle © ex-
tension des indications des greffes cardiaques et
hépatiques ; mise en place d’studes visant 4 amsé-
liorer (par ciciosporine ou anticorps monoclonaux)
les résuitats des greffes de rein.

Dans le domaine de 'auto-immunité, les giucocor-
ticoides sont la thérapeurtique essentieile, évenruel-
lement associés 4 ou relaves par le cyclophospha-

Fy

mide, la ciclosporine ou des méthodes non phar-

macologiques,

Dans [avenir, d’importantes perspectives sont
ouvertes par les progrés de la définition molécu-
laire des mécapismes de la réponse immunitaire
définition de la disiribution er du réle biclogique
des molécules cibles des anticorps monocionaux
antilymphocytes, caractérisation et production
d’interleukines et de médiateurs des interacrions
lymphocytaires.
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TABLEAU II. — Synthése

Mécanisme d'action schémarique Indications Effets secondgires®
# Azarhioprine (par 'nermptcnunne} : ' .
— Inhibition au siade inductif — Transplaniation d'organe - Neutropénie

de certaines réponses lyrzphocytaires -
. ’ — Autg-immunité 7 — Aumenmuon de la fréguence
' : de czriaines wumeurs
~—~ Effet prcdommam sur les réponses
a médiation ceilulaire

* Cyclophosphamide (par meérabolites actifs)
— Effet sur les celluies en redouvels - ‘Transpiznuation d'organe — Neurropénie. cyscite,
le'nem. alopécie. azoospermia
— Effet prédominant sur celluies B -~ Préparntion 4 la greff
L‘ si dose unique de meelie
— Eiffet sur réponses cs tlzires - Anto-immunité 7 — Augmentation de la fréguence
et humorales de leucsmies
»~ * Ciclesporine — Effer séisctif sur ivmphocytes — Transpiantation d'organe — Néphretoxicité
— Effer preciommzm: sur lympho- — Greffe.de moeile . ~ Augmentation de la freun.e'x::ﬂ
- cytes T - — Auto-immunité ? - des lymphomes
- * Corticoides ~ Inhibition de la production des inter
) leukines — Graffes
— Iniibition de certaines fonctions des . .
macraphages — Aulo-immunité Voir chapitre correspondans
— Redisiribution  des lympnocytes
2t des monocvies
~ Effer sur réponses ceilulaires
- * Anticorps anti- -— Eliminatior des lymphocytes — Greffes de moelle ? © Anuicorps anti-immunogiobulines
‘ lymohocytes recircuiants (T i vie longue: ) — Transplaniations d'organes ?
— Interiédrence avec les fonciions
) des moiécules reconnues
- Dans tous fes exs : diminution de fa résistance aux agents infectieus.
- - .
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{PURINE ANALOGS

'I'able 324, S’I'RUC'I'URAL FORMULAS OF ADENOSINE AND
. VARIOUS PURINE ANALOGS
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- INTRODUCTION

L beid i

HEIPER YOD %
TeRt | ,
e Cydosporine_ [

CRATT ST,

" Azgihioprine,

} Methoirexate. -
TNF, -Cyelophesphantide -
lymphetoxin, Corticosteroids
efc.

Activated T Cells

Antibodies

The figure depicts the salient features of ceflular and humoral immune responses and mdi-
¢+ ates the apparent sites of action of various immunosuppressive agents (see text for details).
- Abbreviations are: IL. interfeukin: CD3. cell differentiation complex 3;: OKT3. murine mono-

cional antibody directed against an epitope in CD3: and TNF, tumor necrosis factor.




