Treatment of cancer/ Tumorok kezelése
(no treatment before 1940)

Chemotherapy Surgery/ Immunotherapy
(1965) Sebészet - ac’ruvg
(before 1955) T passnve
--- immunmodulation
. qu'o*hzfaﬁy ) Gene therapy
ionizing radiation - replacement
- Photon P

- Charged particle - Stippression

\ (1955/65) Y /

Combination therapy/Kombindcids terdpia




ChemoTherapy Cl-H,C - HZC\N/CHZ - CH, - Cl
|
First step: discovery of nitrogen mustard, as drug CH, - CH;
1. period: 1942 - 1959, palliative, toxic side effects
2. period: 1960 - 1979, success in few cancers, toxic side effects
3. period: 1980- success in additional cancers, limited side effects

1-log-kill dose of an effective drug = the number of fumour cells is 10 times smaller
after chemotherapy
e.g. 1012 tumour cells (1 kg)
1st combined treatment causes 3 log elimination, still 10° tfumour cells (1 g).
2nd combined treatment causes 3 log elimination, still 106 fumour cells (1 mg).

Selectivity

|

: Side effects
surger (e.g. cardiotoxicity,
immunosuppression)

o

“Log reduction" is a mathematical term
used to show the relative number
of cells, germs, microbes, etc., reduced
in or on something

2
0

o)
2

Number of cancer cells
=

1 | 1 I | 1 1 | 1 i

10?

Time



Cell cycle and cancer
Cell division (1 hr)

Synthesis of cellular components
for mitosis (cell division)
(3 hrs)

0 Synthesis of cellular components
needed for DNA synthesis
(5 hrs)

G2

Preparation
- for DNA

G . |
Synthesis Antimetabolites

(inferfering with building blocks of DNA)

Stop cells making components e.g. 5-FU, MTX,6-MP, 6-T6

needed to separate
e.g. microtubule inhibitors :
(vinca compunds, pacitaxel) y

DNA
Replication

S DNA synthesis/Replication of DNA genome
(7 hrs)

Stop DNA synthesis
e.g. alkylating agents, antitumour antibiotics, Pt compounds

B. 6. Katzungs and A.J. Trevor: Basic & Clinical Pharmacology, McGraw Hill - 13t edition, 2015

https://oncogenesandcancer.wordpress.com/cell-cycle-checkpoints-and-effect-of-oncogenes-2/



Classes of chemotherapeutic drugs

/\

Cell-cycle-specific drugs Cell-cycle-nonspecific drugs
(CCS) (CCNS)

Alkylating agents

M phase
Antibiotics (e.g. bleomycin)
Vinca alkaloids
Antitubule inhibitor (e.g. eribulin)
Taxanes

Antitumour antibiotics
(e.g. mitomycin)

G2-M phase
Topoisomerase I inhibitor

(e.g. topotecan) Topoisomerase IT inhibitor
(e.g. etoposide)

Pt analogs

Antracyclines
(e.g. doxorubicin)

S phase
Antimetabolites
(e.g. Ara-C, 6-Thioguanine)

Nitrosourea
(e.g. BCNUV)

B. 6. Katzungs and A.J. Trevor: Basic & Clinical Pharmacology, McGraw Hill - 13t edition, 2015



Evolution of chemotherapeutic drugs

1958 -
Methotrexate
(an anti-
metabolite &
antifolate)
cures the first
solid tumour
using chemo-
therapy.

1963 - Vinca
Alkaloids
(mitotic
inhibitors) are
approved by the
US FDA to
create a new
class of cancer
drugs

| 4

1992 -
Paclitaxel/Taxol
(a2 mitotic
inhibitor) is
approved by the
US FDA and
becomes the
first blockbuster
anticancer drug

N

2001 -
Imatinib/Glivec
(a tyrosine
kinase
inhibitor)
treats CML by
targeting BCR-
ABL

\/

2013 - 39 ADC,
trastuzumab
emtansine treats
HER2+ breast
cancer. It is the
first ADC to
target a solid
tumour.

Nj

B

™ 4

I

1959 - 1966 - 1997 - The first 2000 - 12 ADC, 2014 - The bi-

Doxorubicin (an Camptothecin (a anti-cancer gemtuzumab specific mAb,

example of an topo- mADb, rituximab 0zogamicin is blinatumomab is

anthracycline) isomerase is approved by approved by US approved by the

is derived from inhibitor) is the US FDA to FDA to treat US FDA to treat

S.peuciticus and isolated treat B-Cell non- acute myeloid non-Hodgkin’s

becomes the Analogues later Hodgkin’s leukemia. (Later lymphoma and

first anticancer approved by lymphoma. withdrawn in ALL

antibiotic. FDA. 2010)

C. Peters, Stuart Brown Biosci. Rep. 2015;35:e00225 O PORTLAND

0@ PRESS

©2015 by Portland Press Ltd



Classes of chemotherapeutic drugs

alkylating agents
- bis(chloroethyl)amines (.mustards")
- hitrosourea
- organometallic compounds
- aziridines
- alkylsulfonate (busulfan)
antimetabolites (e.g. 5-F-uracil, methotrexate)
- Folic acid analoues
- Purine analogues
- Pyrimidine analogues
- Nucleoside analogues
antibiotics (e.g. mitomycin C, daunomycin)
microtubule damaging agents
hormone related anticancer agents antagonists
vitamins (A, C)



Alkylating agents

bis(chloroethyl)amines

Cl- HyC - HZC\S/CHz - CH; - Cl Cl- HC - HZC\N/CHZ - CHy - Cl
|
Bis(2-chloroethyl) sulfide, ]
[sulfur mustard, mustard gas] CH; - CH,
(Sellei, Tdny, Koller 1931) Bis(2-chloroethyl)ethylamine

[nitrogen mustard]
(Berenblum 1935)

CI‘HQC'HQQ melanoma

N@_CHTCHZCHTCOOH Cl - HC - HiC. CH, - CH, - C
|

breast cancer

Cl-H,C-HoC
4-[bis(2-chlorethyl)amino]benzenebutanoic acid

(Chlorambucil) CH,
Bis(2-chloroethyl)methylamine
enzyme
Cl-HoC-HaG /
/N@—CHZ-CH-COOH /
C|-H2C-H2C I CI'H2C'H2C( H
NH, N—R
Cl-H.C-H,C G O

Melphalan, L - amino acid

(multiple myeloma, ovarium) cyclophosphamide (Endoxan)

breast
https://www.drugbank.ca/drugs/DB01042



Alkylating agents

N-nitrosourea . R=
armustine
(BCNU) a7
O— NH2 N/’o H Lomustine <:>
\ NN (LCNU)
N Cl/\/ Y “R
/ o Semustine  H,C
(metilCCNU)

CHs @)

, N-2-chloroethyl- N- nitrosourea derivatives
N-methyl- N- nitrosourea

0O

W J‘k AN N/
N N \
| H N N—O
N H

o”
1,3-bis(2-chloroethyl)-1-nitroso-urea (BCNU) 1 -(2-chIoroethyl)-3-cyt-:lohexyl-1 -nitroso-urea (CCNU)

(Carmustine) (Lomustine)

. e

+CH2 - CH2 - CI



The effect of Carmustine (BCNU)

O

T
EIHECHED—P;I—G—NH—EHEEHECI

N=0

l

CIH,CH,C—N=NOH <+ 0=C=N-CH,CH,CI

Y oy
CicH.CH® + N, + OHC

Alkylation of
Guanine
of DNA . :
£-NH,-Lysine
O=CH,CH,CI of Protein
N
ok A
H,N“ N7 "N +
DNA—D—GHED !IZIZ!
PROTEIN —NH-C—NH-CH,CH,CI
DMNA
Alkylated DNA Carbamoylated Protein

Goodman and Gilman Manual of Pharmacology and Therapeutics, http://doctorlib.info/pharmacology/manual/62.html



. H,;N (0] 0
Alkylating agents N O’N\Pt/ ©
7 N\ /f,,N/ \O "

Organometallic compounds H,N o

oxaliplatin

CI//,, \\\\ NH3 H,N NH3—I * H,N /NH3_I * H,N NH3_I ¥

N /7 N \N /7
Pt /pt /Pt O /Pt
C|/ \NH H,N Na = o /N Na
3 ) \ -
. . triamminechloro-
Cisplatin platinum(I) it O
(¢is-diammino-dichloro-platinum(IT))
phenanthriplatin

cis-diammino-1,1-cyclobutane
dicarboxylate platinum(IT)

Os-2

PHILOSOPHICAL ;
TRANSACTIONS ||

T. C. Johnstone et al. Phil. Trans. R. Soc. A 2015; 373: 201401850 -
© 2015 The Author(s) Published by the Royal Society. All rights reserved. Il:_z"li;u;j:AL



Mechanism of action of cisplatin: (i) cellular uptake, (ii) activation,
(iii) DNA platination, and (iv) cellular processing leading to apoptosis

H3N\ /Cl
AEN
H;N & |
i) [C] ] =104 mM (blood) plasma membrane
[CI ] =4-10 mM (cytoplasm) \
v
(ii) cisplatin binds at N7
\ 4 H N\
\—H - N
x
H?N\ /OHZ “ / ) \ \I (111)
S + 2 {cNHNG Ny
H,N”  TOH, N— =N
b
C-G DNA base pair 1,2-d(GpG) intrastrand adduct

(major product)

T. C. Johnstone et al. Phil. Trans. R. Soc. A 2015; 373: 201401850 IILOSOPHICAL 10
© 2015 The Author(s) Published by the Royal Society. All rights reserved. TRANSACTIONS [{

OF ]
THE ROYAL i
SOCIETY [H



The crystal structures of duplex DNA oligonucleotides platinated with
either (a) cisplatin, PDB: 1A10 or (b) pyriplatin, PDB: 3¢03

T. C. Johnstone et al. Phil. Trans. R. Soc. A 2015; 373: 201401850 POSOPIICAL 1
© 2015 The Author(s) Published by the Royal Society. All rights reserved. TRANSACTIONS [{

—OF— H |
THE ROYAL, H
SOCIETY L]



Alkylating agents

aziridines, epoxides, alkylsulfonates

W
A r i

N CHs-?-O-CH;-CHQ-CHZ-CHQ-O-S-CHs
Il

N
R‘NQ VNJ\N/J\NV O O

butane-1,4-diyl dimethanesulfonate (busufan)

ince 195
aziridines/ethylene imine since 1959
(e.g. friethylenemelamine, TEM)
" 4+ GONH,
\ | I \CH IIN N — N _ N

epoxide (e.g. dianhydrogalactitol, DAG ) (e.g. 5-(3,3-Dimethyl-1-triazenyl) imidazole-

- 4-carboxamide, Dacarbazine, DTIC)



The metabolism of DTIC

N \“/CONHZ
+ CON 4 CH,OH
/N\/ k oxidation 1< /”\ ks
< /”\ /CH3 > N SN=N-N
'INTSN=N-N P450 H N\
H N CH;
CHs 5-(3-hydroxi-methyl-3-methyl-1-triazen-1-yl) —
Dacarbazine (DTIC) I-imidazole-4-carboxamide
5-(3,3-Dimethyl-1-triazeno)imidazole-4-carboxamide (HMMTIC) ‘
A 4
hv N \4/CONH2
G
Y 1 }\] N=N-N + HCHO
N H AN
(NJ/CO i CHa
| N /”\ 5-(3-methyl-1-triazen-1-yl) -1-imidazole-4-carboxamide
HN No* (MTIC)

Diazonium salt /N -~ \
1< /”\ + N 2 +
HJ\I NH,

5-aminoimidazole-4-carboxamide
B. C. Lewis et al. Mo/ Pharmaco/80: 879-888, 2011 (AIC)



The metabolism of cyclophosphamide

Cl-HoC-HaG
cyclophosphamide

Cl-HoC-H.C

/N /

reducﬁon> C|-H2C-H2Q |_|/
HN—R
O oRe

oxidaTio/
OH

Cl-H,C-HoG  HI .
/N 4 R ) enzymatic
ClH.C-H.C O 0

4-hydroxi-cyclophosphamide

oxidation

y

Cl-HoC-Hy H
N
Cl-H-C-H-C OO0

4-oxo-cyclophosphamide

Cl-HaC-HoG
N——R CHO
Cl-HQC-HQC/ C/S\O_/_

/ aldo phamide

Ve

oxidation

Cl-HaC-HoG NH, N
N—R - /—COOH ’
ClH.C-H.C d O |
|
' Cl-H,C-H NH
Cl-HaC-HaQ - ZCEN_/\ :
NH Cl-H,C-H,C & OH
Cl-HoC-H,C

. phosphamide mustard
nornitrogen mustard



Classes of chemotherapeutic drugs

alkylating agents
- bis(chloroethyl)amines (.mustards")
- hitrosourea
- organometallic compounds
- aziridines
- alkylsulfonate (busulfan)
antimetabolites (e.g. 5-F-uracil, methotrexate)
- Folic acid analoues
- Purine analogues
- Pyrimidine analogues
- Nucleoside analogues
antibiotics (e.g. mitomycin C, daunomycin)
microtubule damaging agents
hormone related anticancer agents antagonists
vitamins (A, C)



Modifications for metabolites

CYTOSINE GUANINE : ;
(B-thioguanine,

G-mercaptopurine)
BGSC (Capecitabine)

/HN—%—D—mHﬂrﬁHH

S
D.r'"
HaN O n
N
N"J\G-r-—N (5-Azacytiding) /L:l]: \>
)\ )‘ Np-f HoN~ N7 N
0" N I T

(Capecitabine) H
(6-Mercaptopurine)

THYMINE ADENINE

(5-Fluorouracil)
(Cladribine)  HoN
] jl (Clofarabine) N
N it c:‘ l | \>
i O n
X

9] ]
F."
. (Fludarabine)
Desoxyribose
HO—CH,
/4 Base
CHg 2' B-OH (Cytosine arabinoside, Fludarabine)

(Capecitabine) 2'B-F (Clofarabine)
¥~ 2'.2'1, B-di F (Gemcitabine)

Source: L. L. Brunton, B. A. Chabner, B. C. Knollmann: Goodman & Gilman's: The Pharmacological Basis of Therapeutics, 12ed.
WWW.ACCRSSEharmacy.com
Copyright £ MoGraw-Hill Education. All rights reserved.

OH H



Antimetabolites

Pyrimidine analogues

N~ "OH

SN
lN)\OH N—H?/ =
OH

5 - fluorouracil

(Cl,Br,T) (Ar0)

NH-»
~N
HO | Ao
(@)
F

OH F

Gemcitabine (1995)

cytosine arabinoside

HOHE _~ N~ "OH HOZHWN/ OH
’i / N_|

| | |
OH OH OH
5-azacytidine 5-fluorodeoxyuridine
o
F =
N
L

CH, N O
0

OH OH

Capecitabine (1998)



Antimetabolites

Purine analogues

S \/iH @ \/EH @
y
<\Nﬁﬂ = . iN*NHz
H

6 - mercaptopurine (1953) 6 - thiaguanine (1949)

Inhibition of adenosine deaminase

HQ
H>N E
N
NH
¢ o, T
O 4 N>\CI o NN
N
OH
OH (8R)-3-(2-deoxy-B-D-erythro-pentofuranosyl)-
2-chloro-2'-deoxyadenosine 3,4,7 8-tetrahydro-imidazo[4,5-d][1,3]diazepin-8-ol:

Cladribine (2001) (Pentostatin)



Antimetabolites

Folic acid analoues

Pteridine ring p-aminobenzoic acid  Glutamyl residues (1 to 6)

D
(o] C OH (0] COOH

0
N j\ I i I
FOLIC ACID = CH —N—@—G NH"GH—GHE—GHE—C NH— CHCH,CH,—C 1 OH

n

HaM

HoN_ N o
i j\ | con 0
METHOTREXATE NN cHﬂ—m@c NH— CH CH,—CH,—C— OH
NH,
HeN_ N _N o
L g fou ¢
PRALATREXATE N CHE—C@C—NH—DH—CHE—CHE—C—DH
H

\l/ CGH 'Il:ll'

PEMETREXED Jf-",..-CH c NH— CH—EHE CH,—C—OH

Source: L. L. Bruntan, B. A, Chabner, B. C. Knollmann: Goodman & Gilman's: The Pharmacological Basis of Therapeutics, 12ed.
wiwW.accesspharmacy.com
Copyright © McGraw-Hill Education. All rights reserved.



Antimetabolites

),
OH H OH
N /
H NH, HO P.
/4 ow
6-Diazo-5-0xo0-L-norleucine
(DON)
OH

Glutamine anatgonist, isolated from Streptomyces
in Peruvian soil (1956, H. W. Dion et al.)

N-(phosphonacetyl)-L-Asp
(PALA)



G-MERCAPTOPURINE Furine Pyrimidine HY DROXYLIREA
&6-THIOGUANINE synthesis synthesis
—{ Inhibits ribonuclectide reductase
Inhibit purine ring biosynthesis *
Inhibit DNA synthesis Hibmucnauum 5-FLUOROURACIL
,..- Inhibits thymidylate synthesis
ALIMTA
T O T e
Inhibit dilydrofolate reduction, - nudmtidaa FLUDARABIME
block thymidylate and 1 2-CHLORODEOXYADENOSIMNE
purine synthesis CLOFARABINE
PR3 '- Inhibits DNA synthesis
ETOPOSIDE b ¢ \*\\\. \\ PLATINUM ANALOGS
TEMIPOSIDE
DNA ALKYLATING AGENTS
DALINCRIRCIN MITOMYCIN
DOXORUBICIN TEMOZOLOMIDE
Block topoisomerase function B b Form adducts with DNA
v\ m‘m\- \ L-ASPARAGINASE
transfer, messengar, ribosomal Deaminates as ine
PROTEIN TYROSINE i il - e -
KINASE INHIBITORS, B Inhibits protein synthasis
ANTIBODIES
Block activities of signaling pathways Fﬂ::talnu . Tﬁﬂh%lgEE
"‘ VINCA ALKALOIDS
E ESTRAMUSTINE
Lol 1':,“,!,5’,2; «+-{ " Inhibit function of microtubules
Differentiation ATRA
ARSENIC TRICXIDE
[HISTOME DEACELYASE INHIBITORS|
b Inducers of differentiation

https://www.slideshare.net/sushrutsatpathy/anti-cancer-drugs-37593319



Classes of chemotherapeutic drugs

alkylating agents
- bis(chloroethyl)amines (.mustards")
- nitrosourea
- organometallic compounds
- aziridines
- alkylsulfonate (busulfan)
antimetabolites (e.g. 5-F-uracil, methotrexate)
- Folic acid analoues
- Purine analogues
- Pyrimidine analogues
- Nucleoside analogues
antibiotics (e.g. mitomycin C, daunomycin)
microtubule damaging agents
hormone related anticancer agents antagonists
vitamins (A, C)



Antibiotics
Selman A.Waksman, (1940)

microbial origin (Streptomyces rocher)

Actinomycin D, (Dactinomycin) (1964)

The first antibiotic with anticancer effect

Hollstein, U.: "Actinomycin. Chemistry and
mechanism of action". Chemical Reviews.
74 (6): 625-652 (1974)

DNA binding, inhibit transciption

http://crystal.res.ku.edu/~crystal/research/amd.html



Antibiotics

H NHz
H2N N NH;
°9 CH3 CH3 %
Hz /fL TL
CHj; @ ) .CH3;
HO CH3
|
OH O Cu(ll
OH Bleomycin LPI Bleomycin-Cu(ll)
0 asma
OH
HQNAO Transporter
__——({}— Extracellular
Cell membrane e
bleomYCin | o Bleomycin-Cu(l) — Nucleus
: ul
(1 962 ) lFleductant

from Streptomyces verticillus Bleomycin-Cull

/
g

|' Bleomycin cul)
'H\ \Y‘ Fell)
\

k!
b

Bleomycin-Fe(ll)
G n e
\h
J.Chen & J.A. Stubbe: h

Nature Reviews Cancer 5, 102-112 (2005)

Nature Reviews | Cancer

mytomicin C
[liver, kidney, bladder]
CO - NH,

[

QC H2

J L

H3C

from Streptomyces caespitosus

bi- or tri-functional ALKYLATING AGENT
cross-linking of DNA and
inhibition of DNA synthesis.

https://pubchem.ncbi.nlm.nih.gov/compound/mitomycin_C



Antibiotics - anthracyclines

From Streptomyces peucetius (1960s)

0 i3m0 i
D0X0rubigin He!
WJE%'%%. uUsf
5 [

. NH o
Epirubicin Idarubicin  NH,

Combination therapy treatment: Colon carcinoma, breast cancer
(5-fluorouracil, doxorubicin,ciklofoszfamid), acute childhood leukemia

Minotti, G. et al. "Anthracyclines: Molecular Advances and Pharmacologic Developments in Antitumor Activity and Cardiotoxicity".
Pharmacological Reviews. 56: 185-229 (2004)



Antibiotics - anthracyclines

Aromatic polyketones,
Structure: four rings, 7,8,9,10- tetrahydro tetracen - 5,12-kinon

https://en.wikipedia.org/wiki/Intercalation_(biochemistry)#/
media/File:DNA_intercalation2.jpg

Diagram of two doxorubicin molecules intercalating DNA, from
http://www.rcsb.org/pdb/explore/explore.do?structureId=1D12



Antitumour effect of cAD-EAK conjugate
on L1210 leukemia /n vivo

Glu (E) v
Hs* § 5 B—¥—§—+—+—t—t—t—t—t—t—t—t—t—t—t—+ +
2 cAD-EAK
v 4- \—y (10 mg/kg Dau)
3 - \v—v
\ EAK+Dau
5 - N (40 mg/kg + 5 mg/kg)
1 ontrol V—vy— .
e \
O+—Fr— T 1T 71— 1T — 1717/
8 10 12 14 16 18 20 22 24 60
time (day)

Low Toxicity and High Antitumour Activity of Daunomycin by
Conjugation to an Immunopotential Amphoteric Branched
Polypeptide

D. Gaal' and F. Hudecz?
Eurgpean Fowrnal of Cancer, Vol, 34, No. 1; pp. 155161, 19498

Treatment one day after the i.p. inoculation
of 5x10° L1210 cells i.p. 60-day experiment



Classes of chemotherapeutic drugs

alkylating agents
- bis(chloroethyl)amines (.mustards")
- nitrosourea
- organometallic compounds
- aziridines
- alkylsulfonate (busulfan)
antimetabolites (e.g. 5-F-uracil, methotrexate)
- Folic acid analoues
- Purine analogues
- Pyrimidine analogues
- Nucleoside analogues
antibiotics (e.g. mitomycin C, daunomycin)
microtubule damaging agents
hormone related anticancer agents antagonists
vitamins (A, C)



Antimitotic compounds: taxanes

Docetaxel
(semisynthetic analog) patented 1986 Taxus brevifolia Paclitaxel
(Pacific Yew)
Q
[ > 9 oH

Ipl-.

HO

OH O
O~ &
Taxus baccata (European yew)

10-Deacetylbaccatin Baccatin ITI




Mechanism of action: fubuline polymerisation

o-TUBULIN  3-TUBULIN

o O

r
|

<

LATERAL £
ASSEMBLY ey P

.3~ HETERODIMER

PROTOFILAMENT
(+) (=)
DISASSEMBLY

ASSEMBLY
g g MICROTUBULE AT EQUILIBRIUM % O

o O
S ko

vinca alcaloids taxanes (Paclitaxel)



Effect of vinca alkaloids and taxanes on microtubule formation

vinca alkaloids .... ' GTP taxanes
Polymerization .."'" Depolymerization
B-Tubulin @ GDP
a-Tubulin ©

Tubulin dimer
bound to GTP

Tubulin dimer
bound to GDP '

Shrinking microtubule

L*

Growing microtubule

C. Peters, S. Brown: Biosci. Rep. 2015;35:e00225 on the effect of auristatins/maytansines on microtubule for'ma‘rlon
PORTLAND
X o ® PRESS



Effect of auristatins/maytansines on microtubule formation

vinca alkaloids GTP{‘" taxanes

Polymerization ..'“'.. Depolymerization
B-Tubulin ©

a-Tubulin ©

Tubulin dimer
bound to GTP

Tubulin dimer
bound to GDP

o = 0 o~ o ;
/\(\(\i : /\/@ Shrinking microtubule o) N4<
0 T ONTY /
H: H &y
Growing microtubule i
Monomethyl auristatin E 4 ) Maytansine
Paused microt
nor depolymeil
C. Peters,S. Brown: Biosci. Rep. 2015;35:e00225 . PORTLAND
PRESS



Topoisomerase inhibitors

Topoisomerase - 1 inhibitors

Etoposide
Teniposide
Topoisomerase - 2 inhibitors
: Topotecan
Irinotecan

Etoposide (1983)

Topotecan (1996, ovarian, 2007, cervical)

(Camptothecin analogue)

N. 6. Bush, K. Evans-Roberts, A. Maxwell: DNA Topoisomerases
EcoSal Plus. 2015;6(2). doi: 10.1128/ecosalplus .ESP-0010-2014



Classes of chemotherapeutic drugs

alkylating agents
- bis(chloroethyl)amines (.mustards")
- nitrosourea
- organometallic compounds
- aziridines
- alkylsulfonate (busulfan)
antimetabolites (e.g. 5-F-uracil, methotrexate)
- Folic acid analoues
- Purine analogues
- Pyrimidine analogues
- Nucleoside analogues
antibiotics (e.g. mitomycin C, daunomicin)
microtubule damaging agents
hormone related anticancer agents antagonists
vitamins (A, C)



1890

1958
1960-

1966
1970-
1971-72
1970-

1990

History

Beatson/Schinzinger discovery: removal of the ovarium by
surgery was helpful in the treatment of breast cancer
Identification of estrogen receptor (E.W.Jensen, U. Chicago)
Combined chemotherapy could be efficient in the treatment of
breast cancer

Isolation of estrogen receptor

Introduction of tamoxifen

Verification the role of LHRH (Schally/Guilleman)

Synthesis of LHRH analogues, 'Zoladex' treatment equal to the
removal of ovarium

Permission for using Zoladex' (3.6mg) in advanced breast cancer
patients

1999-2000 ,NIH Consensus Statement” : removal of ovarium could be an

2001

2002

efficient treatment in women before menopausa, if the tfumour is
hormone sensitive.

.St. Gallen Consensus”: LHRH analogues themselves or in
combination with tamoxifen could be useful for treatment in women
before menopausa, if the tumour is hormone sensitive.

‘Zoladex' 3.6mg: 100 countries, 70 000 patients/year






Mechanism of action

Downregulation of
the expression of
LHRH receptors

Ostrogens
Progesteron

LHRH Pituitary gland

(hypothalamus)

Gonadotropin
(FSH + LH)

Ovarium



Hormone related anticancer agents antagonists

O O\/\N/

|
advanced estrogen receptor (ER)-positive A O
breast cancer
/ OH
@) ; 4-hydroxytamoxifen
\/\N/ Liver Y Y

(P450 enzymes)

NS

Tamoxifen (TMX), 1967

[pro-drug] O

J.A. Begam, S. Jubie, M.J. Nanjan: OH
Estrogen receptor agonists/antagonists in breast cancer therapy:
A critical review. N-desmethyl-4-hydroxytamoxifen

Bioorg Chem. 71:257-274 (2017). doi: 10.1016/.bioorg.2017.02.011.



Polymer therapeutics

Poly(Glu; 4.18 Alag 158, LYS 3242 TYr 10),
Random copoly- alpha-amino acid, Mw = 7 250 D, Multiplex sclerosis,

1997 Copaxone, TEVA Pharmaceuticals, Israel

Neocarzinostatin - copoly(styrole maleic acid), SMANCS/Lipoidol®, Mw = 16 000 D
Hepatocarcinoma,

1995 Kuraray Ltd, Japan

ICH —|CH—CH2—CH (le —c|H —
Ico ICO Ico COOR
OR, OR; NH

(CH 2)a

NH - CH CO -
20Lys
neocarzinostatin (NCS)
113Asn COOH
NH TAla

?Rz ?R3

Cco  Co co c00R1
I I
CH —CH — CH,~ CH CH CH
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Point of attack of antitumour agents
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