
Chemioterapia Antineoplastica

Il cancro è destinato a diventare entro l’anno 2000 la prima causa di mortalità nei paesi
industrializzati.

Lo scopo ultimo della ricerca antitumorale è lo sviluppo di una chemioterapia che sia
davvero selettiva, in grado cioè di colpire specificamente le cellule tumorali rispetto a
quelle sane.

Acquisizioni  scientifiche  dell’ultimo  decennio  hanno  aperto  la  strada  a  modi
sostanzialmente nuovi di affrontare questa malattia.

Lo sviluppo di agenti citostatici che siano in grado di bloccare selettivamente processi
biochimici del ciclo cellulare caratteristici soltanto delle cellule tumorali rappresenterà
probabilmente la vera sfida per il futuro; tuttavia i farmaci citotossici rimarranno anche
per l’immediato avvenire un punto di forza della chemioterapia antitumorale.

Terminologia

Nonostante  la  loro  varietà,  i  tumori  hanno  caratteristiche  comuni.  Sia  “cancro”  che
“tumore”  sono  termini  generici,  mentre  quello  medico  è  neoplasia,  che  significa
“crescita  relativamente  autonoma  di  tessuto”.  Antineoplastici  sono  i  farmaci  che  la
combattono.

Tumore  in  generale  si  riferisce  ad  una  abnorme  massa  o  crescita  tissutale  non
necessariamente mortale.

La differenza tra neoplasie benigne e maligne è che le prime sono più curabili perché
possono  essere  rimosse  chirurgicamente  e  non  si  riformano  facilmente,  mentre  le
seconde normalmente invadono i tessuti e gli organi vicini e possono svilupparsi in altre
parti del corpo, formando nuove masse tumorali, dette metastasi.
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Nomenclatura delle Neoplasie

Non esiste una nomenclatura ufficiale al riguardo: alcuni tumori portano il nome di colui
che li ha descritti per primo (tumore delle ossa o di Ewing, morbo di Hodgkin...), altri
traggono il nome dal tessuto colpito (tumori papillari, cistici, follicolari...).

Sarcomi:  neoplasie  ai  tessuti  derivanti  embriologicamente  dal  mesoderma  (tessuto
muscolare, osseo, cartilagineo).

Carcinomi: neoplasie che colpiscono i tessuti e gli organi derivati dall’ectoderma (pelle,
tessuto nervoso) e dall’endoderma (sistema intestinale ed organi correlati).

Esistono anche neoplasie miste: carcinosarcoma, teratoma.

Blastomi: il suffisso -blastoma viene usato per indicare tumori che all’inizio hanno un
aspetto embrionale (mioblastoma, neuroblastoma).

Tumori  del  sangue:  leucemia,  caratterizzata  da  abnorme  aumento  dei  leucociti;
policitemia, discrasia progressiva caratterizzata da aumento degli eritrociti e del volume
complessivo di sangue.
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PROGRESSIONE IPOTETICA DI CELLULE  
DA NORMALI A MALIGNE 
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Farmaci Antineoplastici
Generalità

• Con il termine “chemioterapia”, si intende in una terapia 
medica capace di distruggere una popolazione cellulare. 

• Le probabilità di successo di una chemioterapia, saranno 
tanto maggiori quanto maggiori sono le differenze biologiche 
esistenti  tra le cellule bersaglio e le cellule dell’organismo 
ospite. La chemioterapia antinfettiva ha quindi una efficacia 
terapeutica molto elevata.

• Se queste differenze sono minime, come nel caso delle 
neoplasie, è chiaro che un farmaco antitumorale  non potrà
eliminare tutte le cellule cancerose senza dare effetti tossici 
anche gravi.



Farmaci Antineoplastici
Generalità

‐ La chemioterapia antitumorale è infatti fortemente limitata      
dalla sua tossicità.

‐ Una della caratteristiche più importanti dei tumori, è la loro 
eterogeneità biologica, presente non solo tra le varie 
neoplasie, ma anche all’interno di una stessa popolazione 
neoplastica.

‐ Questo fa sì che la terapia antitumorale possa essere 
ostacolata anche dai diversi meccanismi di chemioresistenza
espressi nei vari cloni cellulari.



Farmaci  Antineoplastici
Generalità

• Per tale motivo la migliore strategia è quella di 
associare più farmaci insieme (polichemioterapia),  
anche perché l’effetto della associazione è
solitamente superiore alla somma degli effetti dei 
singoli farmaci utilizzati in monoterapia (sinergia).

• Questo consente di ottenere risultati migliori con un 
dosaggio più basso di farmaco e conseguentemente 
con una minore tossicità d’organo.



PRINCIPI DI CHEMIOTERAPIA IN 
ASSOCIAZIONE 

ü   I farmaci devono possedere attività 
antitumorale intrinseca, meccanismi 
d’azione differenti ed effetti tossici non 
sovrapponibili 

ü   È necessario ottimizzare il dosaggio e il 
regime di somministrazione 

ü   L’intervallo di dosaggio deve essere il più 
breve possibile 



BENEFICI DELLA TERAPIA IN ASSOCIAZIONE 
RISPETTO AI SINGOLI INTERVENTI 

ü   ↑ dell’effetto citotossico massimale e ↓ 
della tossicità 

ü   possibilità di uccidere cellule con 
caratteristiche diverse in popolazioni 
tumorali eterogenee 

ü   ↓ della probabilità di sviluppo di cloni 
resistenti 



I farmaci citotossici possono agire secondo due principali 
meccanismi: Interazione diretta con il DNA (es. agenti 
alchilanti), interazione con la via biosintetica dei precursori 
del DNA e dell’RNA(es. antimetaboliti) 
 
Nel primo caso, l’azione del farmaco è indipendente dal 
tempo di esposizione delle cellule ad esso mentre dipende 
dal livello di concentrazione della sostanza. In questo caso 
quindi è preferibile somministrare il farmaco con 
un’infusione endovenosa rapida. 
 
Nel secondo caso, l’effetto terapeutico dipende proprio dal 
tempo di esposizione perché più questo aumenta, maggiore 
sarà il numero di cellule ad attraversare la fase del ciclo 
cellulare in cui la via metabolica bloccata dal farmaco è 
essenziale per la sopravvivenza della cellula. E’ chiaro che 
in questo caso invece il farmaco sarà somministrato in 
infusione continua. 



Farmaci Antineoplastici
Cenni storici

• 1854: Sintesi chimica della mostarda sulfurea e successiva osservazione, 
durante la Prima Guerra mondiale, del grave effetto vescicante del 
prodotto sulla  cute e sulle mucose a livello delle congiuntive e delle vie 
respiratorie.

• 1919: Osservazione che nei casi di intossicazione, si manifestavano
leucopenia con quadri di aplasia midollare, dissoluzione del tessuto 
linfatico ed ulcerazione del tratto gastro‐intestinale.

• 1942: Primi esperimenti sui topi affetti da linfosarcomi. Nella fase iniziale 
tutte le ricerche furono condotte in segreto, in osservanza alle restrizioni 
imposte dall’uso di composti classificati come agenti per la guerra chimica.

• 1963: Primi studi clinici ed inizio dell’era moderna della chemioterapia 
antitumorale. 



CINETICA DELLA CRESCITA TUMORALE 

I principali fattori che 
determinano la velocità di 
crescita di un tumore sono: 
 
Ø  la vicinanza ai vasi   
sanguigni  

Ø  la disponibilità di ossigeno 



PRINCIPI DI TERAPIA CITOTOSSICA 
ANTITUMORALE 



FRACTIONAL (LOG) CELL KILL HYPOTHESIS: 

Una data concentrazione di 
farmaco, applicata per un 
periodo di tempo definito, 
uccide una frazione costante 
della popolazione cellulare, 
indipendentemente dal 
numero assoluto di cellule 

I risultati del trattamento 
sono una funzione diretta 

(a) della dose di farmaco 
somministrata  

(b) del numero e della 
frequenza di ripetizione 
dei trattamenti 

(c) delle dimensioni del 
tumore all’inizio del 
trattamento 





PRINCIPI DI TERAPIA CITOTOSSICA 
ANTITUMORALE 

ü  I farmaci uccidono una frazione costante, non un 
numero costante, di cellule 





PRINCIPI DI TERAPIA CITOTOSSICA 
ANTITUMORALE 

ü  I farmaci uccidono una frazione costante, non un 
numero costante, di cellule 

ü  La citotossicità è proporzionale all’esposizione totale al 
farmaco 



IL CICLO CELLULARE

Fisiologicamente, l’omeostasi tissutale è garantita da un continuo equilibrio tra
cellule proliferanti e cellule in necrosi in modo tale che la densità cellulare sia
sempre costante. Non tutte le cellule sono in ciclo: alcune sono in fase G0, sono
cioè quiescenti perché non si replicano per un periodo di tempo indeterminato
ma  possono  in  qualsiasi  momento  rientrare  in  ciclo  mentre  altre  si  sono
differenziate  ed  hanno  definitivamente  perso  la  capacità  proliferativa.  Queste
ultime sono escluse  dal  target  terapeutico  dei  farmaci  citotossici  ma ciò  non
significa  che  lo  siano  anche  per  quanto  riguarda  gli  effetti  tossici  (es.  le
antracicline possono danneggiare irreversibilmente i miocardiociti).
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MTD 



Gli effetti tossici COMUNI alla maggior 
parte dei chemioterapici antitumorali 
riguardano i tessuti in  attiva proliferazione, 
e perciò: 



MIDOLLO OSSEO  
EMOPOIETICO 

IMMUNOSOPPRESSIONE 

INFEZIONI 

TROMBOCITOPENIA 

EMORRAGIE 

ANEMIA 



STRATEGIE PER AUMENTARE LA MTD 

Trapianto autologo di cellule staminali 
Trasfusione (di sangue completo o di piastrine) 
Utilizzo di fattori di crescita quali: 

G-CSF 
(FILGRASTIM) 

GM-CSF 
(MOLGRAMOSTIM) 

Eritropoietina 
(EPOIETINA) 



MUCOSA DEL TRATTO 
 GASTRO-INTESTINALE 

DIARREA ULCERAZIONI 

EMORRAGIE DETERIORAMENTO 
DELLE 

CONDIZIONI GENERALI 



CUTE 
E  

BULBI PILIFERI 

ALOPECIA 



CELLULE GERMINALI 

AZOOSPERMIA AMENORREA 

(STERILITÀ) 



EFFETTI TOSSICI DEI FARMACI ANTINEOPLASTICI 



STRATEGIE PER AUMENTARE LA MTD 

ANTIEMETICI 
Antagonisti del recettore 5HT3 (ONDANSETRON) 
Antagonisti dei recettori dopaminergici D2 

(METOCLOPRAMIDE) 
Antagonisti del recettore peptidergico NK1 

(APREPITANT) 
Agonisti del recettore cannabinoide CB1 (nabilone, 

dronabinolo) 
OLANZAPINA 
GABAPENTINA 
 



Farmaci Antineoplastici

• Agenti alchilanti

• Antimetaboliti

• Prodotti naturali

• Ormoni

• Agenti vari



Meccanismo d’azione degli agenti
alchilanti

• Le  più importanti attività farmacologiche degli alchilanti sono 
quelle che alterano i meccanismi fondamentali della 
proliferazione cellulare, in particolare la sintesi del DNA e la
divisione cellulare. 

• La loro tossicità maggiore è a livello dei tessuti rapidamente 
proliferanti in cui un gran numero di cellule è in fase di 
divisione.

• Non sono ciclo‐specifici e possono agire sulle cellule in 
qualunque fase del ciclo. Tuttavia la tossicità si manifesta 
solitamente quando la cellula entra nella fase S e di 
conseguenza, la prosecuzione del ciclo cellulare si arresta.



Meccanismo d’azione degli agenti
alchilanti

• Il bersaglio primario degli agenti alchilanti è il DNA, su cui 
inducono:

1) la formazione di un legame covalente con l’atomo di 
azoto in posizione 7 della guanina:

2) la formazione di legami crociati tra i filamenti con 
conseguente  frammentazione dei filamenti stessi, 
determinando alterazioni permanenti della struttura e della 
sequenza del DNA.

• La conseguenza del danneggiamento del DNA, è il processo 
di “morte programmata della cellula” o apoptosi.



Agenti Alchilanti

• Mostarde azotate

• Etilenimine

• Alchilsolfonati

• Nitrosuree

• Triazeni



Agenti Alchilanti

Mostarde azotate:
• Mecloretamina

• Ciclofosfamide

• Ifosfamide

• Melphalan

• Clorambucil



Mecloretamina: è un derivato di un gas vescicante usato 
a scopi bellici (il gas iprite). Il suo impiego clinico è 
limitato alla terapia del linfoma di Hodgkin dove è usato 
in associazione nella classica chemioterapia indicata 
dall’acronimo MOPP. E’ mielotossica (neutropenia e 
trombocitopenia), causa nausea, vomito, alopecia, 
eruzioni cutanee maculopapulari. 

Prednimustina, Estramustina.Sono tutte molecole 
chimicamente correlate alla mostarda sulfurica, un gas 
bellico vescicante. La formula di struttura comune è R-
N-bis-(2-cloroetile). 



Ciclofosfamide: E’ molto usata in terapia (ha un ampio 
spettro d’azione antitumorale e un buon indice 
terapeutico). Ha effetti citotossici soprattutto sui 
linfociti tanto che viene impiegata anche come 
immunodepressore. E’ un profarmaco la cui attivazione 
richiede numerosi passaggi con formazione di vari 
metabolici intermedi tossici. In particolare è trasformata 
dal sistema microsomiale epatico (P-450) in aldofosfamide, 
viene in parte ossidata mentre la quota restante è 
trasformata in mostarda fosforamidica (alchilante 
bifunzionale, forma attiva del farmaco) e in acroleina 
(escreta intatta nelle urine e responsabile della tipica 
cistite emorragica indotta dalla ciclofosfamide. 



Ciclofosfamide

• Viene attivata a livello epatico dove si originano dei metaboliti
non attivi che, arrivati alle cellule tumorali, assumono attività
antitumorale e danno origine ad un metabolita tossico a 
livello della vescica (ACROLEINA), che determina cistiti 
emorragiche. Questa complicanza può essere prevenuta con 
la somministrazione parenterale del MESNA che reagisce 
prontamente con l’acroleina nella vescica.

• Lo spettro di attività è molto ampio : linfomi, mieloma
multiplo, tumore della mammella , quasi sempre in 
associazione ad  altri farmaci.



Ifosfamide

• Utilizzata, in associazione ad altri farmaci, nel 
carcinoma delle cellule germinali testicolari e nei 
sarcomi degli adulti e pediatrici.

• Ad alti dosaggi può dare tossicità neurologica grave, 
inclusi coma e morte.



Melfalan: è il prodotto dell’unione della mecloretamina e 
della L-fenilalanina. 
Ha un ampio spettro d’azione ma è usato soprattutto nel 
mieloma, nel carcinoma mammario e dell’ovaia. La 
mielotossicità è la tossicità dose-limitante. E’ insolubile 
in acqua ed è in commercio solo nella formulazione per os 
anche se è disponibile anche la formulazione endovenosa. 

Clorambucil : Utilizzato nella leucemia linfatica cronica e 
come immunosoppressore. 



Prednimustina e Estramustina: sono il risultato della 
coniugazione di un agente alchilante con rispettivamente 
con il prednisolone e con l’estradiolo. Di conseguenza 
sono farmaci liposolubili , passano liberamente le 
membrane e sono dotate di una maggiore selettività per 
quelle cellule tumorali che possiedono i recettori 
specifici per tali ormoni. La principale indicazione è il 
carcinoma prostatico. 



Agenti alchilanti

• ETILENIMINE:
TIOTEPA: viene rapidamente metabolizzato a livello epatico . 
Come gi altri agenti alchilanti, dà mielosoppressione e in 
misura minore, mucosite.

• ALCHILSOLFONATI:
BUSULFANO : presenta solo un’attività mielosoppressiva; viene 
utilizzato nelle S. Mieloproliferative e, a dosi elevate, può 
dare effetti acuti a livello del SNC, tra cui le convulsioni 
tonico‐cloniche . Viene interamente escreto con le urine.

Entrambi sono utilizzati anche nei protocolli di condizionamento 
del Trapianto di Midollo Osseo.



Agenti alchilanti

• NITROSOUREE:
Carmustina (BCNU): presenta una caratteristica lipofilia, che 
permette l’ingresso del farmaco attraverso la barriera
ematoencefalica. Pertanto viene utilizzata nei linfomi 
cerebrali  oltre che nei Linfomi e nel Mieloma. A dosi elevate, 
può causare necrosi epatica.  Viene eliminato con le urine.

Streptozocina: utilizzata nei tumori pancreatici insulari. Viene  
eliminata  solo per il 10‐20% con le urine.



Procarbazina. Il principale meccanismo d’azione è la 
formazione di radicali liberi dell’ossigeno. Inoltre blocca 
il ciclo degli acidi tricarbossilici e la fosforilazione 
ossidativa, inibisce le MAO. 
Il principale impiego clinico è la terapia MOPP del 
linfoma di Hodgkin. Numerosi effetti tossici : 
neurologici, ematologici, gastroenterologici, alopecia, 
azospermia. E’ inoltre un potente cancerogeno (induce 
leucemie acute a breve e a lungo termine). 



Agenti alchilanti

• TRIAZENI:
Dacarbazina: agisce dopo attivazione a livello epatico; viene
escreta con le urine per il 50%. Viene utilizzata nel Melanoma 
maligno, nel Linfoma di Hodgkin, e nei Sarcomi.  Durante la 
somministrazione, si può avere una sindrome tipo influenzale 
con febbre, brividi, malessere e mialgie.





Farmaci Antineoplastici

• Agenti alchilanti
• Antimetaboliti
• Prodotti naturali
• Agenti vari
• Ormoni



Antimetaboliti

• Hanno strutture simili a numerosi metaboliti dell’organismo.

• Vengono processati in modo analogo ai composti naturali 
normalmente presenti, sostituendosi a questi, e 
determinando danni tali da impedire alle cellule di eseguire le 
loro normali funzioni e di sopravvivere.

• La maggior parte degli antimetaboliti utilizzati nella terapia 
dei tumori, interferisce nei processi di produzione degli acidi 
nucleici.



Antimetaboliti

• Antagonisti dell’acido folico

• Analoghi delle pirimidine

• Analoghi delle purine



Antagonisti dell’acido folico

METOTREXATE:
• Impedisce la sintesi dei nucleotidi, componenti essenziali del DNA e dell’

RNA, attraverso il blocco di un enzima (DHFR) che fisiologicamente 
consente all’acido folico di fungere da cofattore nella sintesi dei nucleotidi

• Agisce sulle cellule a divisione rapida del midollo osseo e dell’epitelio 
gastrointestinale. Viene eliminato non modificato nelle urine soprattutto 
entro le prime 8‐12 ore. 

• Passa in modo significativo la barriera ematoencefalica. Viene utilizzato 
nel coriocarcinoma, nell’osteosarcoma, nei linfomi, nel tumore della 
mammella, ovaie, vescica.

L’uso dell’acido folico già in forma ridotta, permette di ridurre la tossicità
sulle cellule a minore velocità di sintesi e di poter utilizzare il farmaco a 
dosi più elevate e quindi terapeutiche.



Analoghi delle pirimidine

• Possono inibire la sintesi delle basi pirimidiniche e 
mimare questi metaboliti naturali, impedendo la 
sintesi e la funzionalità del DNA e dell’RNA.

• Tra questi farmaci i  più importanti sono il 5‐
fluorouracile e la citarabina (ARA‐C). L’ARA‐C viene 
eliminato nelle urine come metabolita inattivo.



6-mercaptopurina e 6-tioguanina: sono gli analoghi 
rispettivamente dell’ipoxantina e della guanina. Una volta 
convertite nella forma trifosfata vengono incorporate 
nel DNA e nell’RNA con rottura dei filamenti. 
Impiego clinico: la 6-mercaptopurina è impiegata nelle 
leucemie acute (linfoblastiche e mieloblastiche) e nella 
leucemia mieloide cronica. La 6-tioguanina è usata nella 
leucemia mieloblastica in associazione all’ ARA-C con o 
senza daunorubicina. 
Tossicità: mielotossicità, tossicità gastrointestinale e 
cutanea. 



Analoghi delle purine

• Possono inibire la sintesi delle basi puriniche e 
mimare questi composti naturali, impedendo la 
sintesi e la funzionalità del DNA e dell’RNA.

• Tra questi farmaci, la Fludarabina, la Cladribrina e la
Pentostatina, tutti utilizzati nei linfomi a basso grado 
di malignità.



5-fluoro-uracile: E’ un analogo dell’uracile con un atomo 
di fluoro in posizione C5 al posto dell’idrogeno e in questa 
forma non può essere convertito in timidilato (la 
sostituzione del fluoro impedisce l’attacco del gruppo 
metilico) ma interagisce comunque con la timidilato-
sintasi bloccandone l’attività. Via di somministrazione: 
endovenosa (raggiunge elevate concentrazioni anche a 
livello del liquido cerebrospinale). 



Impiego clinico: E’ inserito in numerosi e ben definiti 
schemi di chemioterapia : nel carcinoma mammario come 
terapia adiuvante (nello schema CMF) come terapia 
palliativa nelle neoplasie del distretto cervico-facciale, 
del colon-retto e dell’esofago. Efficace la terapia loco-
regionale per via intrarteriosa nell’arteria epatica. Il 
razionale di questa scelta di somministrazione sta nella 
possibilità di aumentare la concentrazione del farmaco al 
suo sito d’azione senza tuttavia aumentare la sua tossicità 
sistemica (circa il 50% del farmaco viene eliminato dal 
fegato ad ogni passaggio).In realtà nel rapporto rischio-
beneficio è bene considerare anche le complicanze date 
dall’invasività della metodica (il catetere di infusione può 
scivolare in arteria gastroduodenale causando necrosi 
dell’epitelio intestinalefino alla perforazione. 
Tossicità: a livello midollare, gastroenterico, 
dermatologico, neurologico. 



Citosina arabinoside o Ara-C: E’ un analogo della 
desossicitidina dalla quale differisce solo per la presenza 
dell’arabinosio al posto del ribosio. Meccanismo d’azione: 
inibizione della DNA-polimerasi . E’ un farmaco fase 
specifico che agisce principalmente in fase S del ciclo 
cellulare. Impiego clinico: soprattutto nelle neoplasie 
acute da solo o in associazione ad altri chemioterapici, nei 
linfomi non Hodgkin e nel carcinoma ovarico (dosi molto 
elevate possono essere somministrate endoperitoneo in 2 
L di dialisato). Tossicità: mielotossicità, neurotossicità, 
nausea, vomito, anoressia. 



Gemcitabina. E’ un nuovo analogo pirimidinico con struttura simile 
all’Ara-C (è un analogo della desossicitidina) ma con 2 atomi di fluoro in 
posizione 2’ sul residuo di desossiribosio , differenza minima che però 
comporta uno spettro di attività antitumorale più ampio. Meccanismo 
d’azione: all’interno delle cellule dove si accumula molto più facilmente 
rispetto all’Ara-C, viene fosforilata e quindi attivata da una chinasi. La 
gemcitabina difosfato inibisce la ribonucleotide redattasi con 
conseguente deplezione del pool di deossiribonucleotidi e inibizione della 
sintesi del DNA mentre la forma trifosfata è utilizzata dalla DNA 
polimerasi per la sintesi del DNA che pertanto si blocca. Riassumendo si 
tratta di un farmaco con molteplici attività che si autopotenziano. E’un 
farmaco fase specifico (agisce principalmente tra la fase G1 e la fase 
S . 
Impiego clinico: la gemcitabina ha mostrato efficacia d’azione nei 
carcinomi del polmone, della mammella, della vescica, dell’ovaio, del 
pancreas, del distretto cervico-facciale.In particolare il farmaco è 
stato usato con buoni risultati nel carcinoma polmonare sia come agente 
singolo che in associazione al cisplatino. Effetti collaterali: la 
gemcitabina è un farmaco generalmente ben tollerato con vari effetti 
collaterali a carico dei vari apparati ma tutti di modesta entità e in 
genere reversibili o controllabili con terapia appropriata. 



Farmaci Antineoplastici

• Agenti alchilanti
• Antimetaboliti
• Prodotti naturali
• Agenti vari
• Ormoni



Prodotti naturali
• Antimitotici: Vincristina, Vinblastina e
Vinorelbina.

• Epipodofillotossine: Etoposide e Teniposide.

• Antibiotici: Daunorubicina, Doxorubicina,
Idarubicina, Bleomicina.



Antimitotici: Vincristina, Vinblastina e
Vinorelbina.

• Estratti dalla Pervinca, sono farmaci ad azione ciclo‐ specifica, 
cioè bloccano le cellule durante la fase della mitosi (fase M) 
attraverso danni irreversibili sui microtubuli del fuso mitotico 
(veleni del fuso).

• Utilizzate nei linfomi, nelle leucemie, nei carcinomi dei 
testicoli ed in altri tumori solidi.

• Possono dare tossicità neurologiche gravi e grave 
costipazione, fino all’occlusione intestinale. 

• Vengono eliminate a livello fecale attraverso la bile.



Epipodofillotossine: Etoposide e
Teniposide

• Estratti dalla pianta della mandragola, sono conosciute fin dai 
tempi degli indiani d’America per le loro proprietà
antielmintiche, ed emetizzanti. Provocano la rottura della 
doppia elica del DNA. 

• Utilizzate nei linfomi, leucemie, nel carcinoma polmonare e 
nei tumori del testicolo.

• Vengono eliminati quasi per intero con le urine.



Antibiotici: Daunorubicina, Doxorubicina,
Idarubicina, Bleomicina.

• Estratti da brodi di colture di ceppi di batteri o di 
miceti.

• La loro azione citotossica si svolge attraverso la 
formazione di legami covalenti stabili con i filamenti 
degli acidi nucleici, che interferiscono con la sintesi 
del DNA.

• Ogni antibiotico agisce con un meccanismo d’azione 
differente.



Farmaci Antineoplastici

• Agenti alchilanti
• Antimetaboliti

• Prodotti naturali
• Agenti vari
• Ormoni



Agenti vari: Cisplatino, Carboplatino 
Oxaliplatino

• Penetrano all’interno delle cellule per diffusione, 
reagiscono con il DNA formando legami crociati
intracatena e intercatena.

• I complessi DNA‐cisplatino, inibiscono la replicazione
e la trascrizione del DNA determinando rotture ed 
errori di codifica.

• La quasi totalità del farmaco viene eliminata a livello 
urinario. 
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Nevertheless, their precise mechanism of action remains
not fully understood. Platinum compounds enter the cell
and undergo hydrolysis, thereby losing the chloride or
oxalate ions and giving rise to the reactive mono-aqua and
di-aqua derivatives (Fig. 1A). Reactive platinum molecules
bind to nucleophilic groups containing oxygen, nitrogen,
or sulfur donors (2). These groups are omnipresent in a
cell, in amino acid side chains of proteins, and the purine
bases of RNA or DNA (3). The binding to DNA, thereby
forming platinum–DNA adducts, is thought to be the
mechanism of action. These adducts interfere with tran-
scription and DNA replication, initiating a DNA-damage
recognition response that results in apoptosis (Fig. 1A;
refs. 1, 4–6).

The assumption thatDNA is themost important target for
platinum is based on several findings, including (i) a
correlation between the levels of platinum–DNA adducts

and treatment efficacy (7–9); (ii) enhanced sensitivity
to cisplatin-induced cell death of DNA repair-deficient
Escherichia coli bacteria compared with wild-type bacteria
(10); and (iii) the amount of platinum bound to intracel-
lular proteins or RNA was initially deemed insufficient to
affect their function (11–13).

However, other targets could be involved in the mech-
anism of action of platinum drugs. Of the covalently
bound platinum in a cell, only 5% to 10% is bound to
DNA (14). At an equitoxic dose of cisplatin versus oxa-
liplatin or carboplatin, the level of DNA adduct forma-
tion is 10 times higher with cisplatin, suggesting that a
mechanism other than DNA adduct formation may be
involved in tumor cell cytotoxicity (15, 16). One of these
potential mechanisms is RNA binding, as platinum accu-
mulates to 4- to 20-times higher levels in cellular RNA
compared with DNA in Saccharomyces cerevisiae (17). In

© 2014 American Association for Cancer Research
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Figure 1. Platinum chemotherapeutics can induce a type of cell death that is immunogenic and is independent of DNA-binding effects. A, classic pathway
of platinum-induced cell death. Platinum compounds enter the cell and bind to DNA, leading to activation of DNA repair mechanism and induction of
apoptosis. B, platinum compounds also interact with many cellular proteins, thereby modulating several signal transduction pathways. This results in the
exhibition of the three characteristic hallmarks of ICD: (1) platinum compounds enter the cell and lead to an ER stress response, which results in the
exposureof calreticulin on the cell surface. This serves as an "eatme" signal toDCsandmacrophages. (2) Platinumcompounds induce the releaseofATP from
the apoptotic cell in the extracellular space, which recruits DCs to the tumor site and induces their activation. (3) This process culminates in the release of
HMGB-1 from the nucleus of the cell that is now undergoing secondary necrosis, which further enhances DC activation and cross-presentation.
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(1) ATP release from cells dying from platinum 
exposure attracts DCs, which take up parts of 
dying cells that have cell surface expression of 
calreticulin. The extracellular ATP, together 
with HMGB-1, leads to DC maturation and 
upregulation of costimulatory molecules and 
presentation of tumor-specific peptides on MHC 
class I. (2) The maturation of DCs in the 
presence of platinum drugs results in 
downregulation of PD-L1 and PD-L2 on the DCs, 
increasing their T-cell activation potential. The 
mature DCs migrate to the lymph node, where 
they prime naïve, tumor-specific T cells into 
effector cytotoxic T cells, which migrate to the 
tumor microenvironment. (3) Platinum drugs 
inactivate STAT6 in the tumor cells, leading to 
decreased PD-L2 expression, resulting in 
enhanced recognition and killing by the tumor-
specific T cells. (4) Platinum induces 
upregulation of M6P receptor on tumor cells, 
which leads to enhanced tumor cell lysis by 
granzyme-B secreted by the activated T cells. 
The increased M6P receptor expression also 
induces lysis of cancer cells that are not in 
direct contact with tumor- specific T cells. 

the non–DNA-binding effects of these drugs. Although our
understanding of the role of the immune system in plati-
num efficacy is far from complete, it is clear that platinum
can modify the immune response during both the induc-
tion and the effector phase (Fig. 2). The induction of ICD
leads to the recruitment of DCs to the tumor. These DCs
engulf dying cancer cells and mature, while PD-L1 and PD-
L2 are downregulated, resulting in enhanced tumor-specific
T-cell activation. Downregulation of PD-L2 and upregulat-
ing M6P receptors on the tumor cells results in improved
recognition and killing by the activated T cells (Fig. 2).
To obtain a complete picture of the complex, multilevel

mechanism of action of platinum and accurately assess
the relevance of platinum-mediated immune modulation
in the clinical efficacy of these drugs, prospective clinical
studies are needed. Furthermore, a number of questions
still need to be resolved. First, which of the interactions,

with DNA, RNA, or proteins, is most relevant for the
clinical efficacy of platinum compounds? Second, which
proteins and signaling pathways are affected by platinum
compounds? Besides the signaling pathways that lead to
ICD, there are other candidates including STAT pathways; is
only STAT6 inhibited by platinum drugs or other STATs as
well? Third, do these drugs transform the immunosuppres-
sive microenvironment into an immunostimulatory site?
And finally, platinum drugs are often administered in
combination with other chemotherapeutics; how do these
compounds influence the immunologic effects?

Elucidating these important questions will greatly
increase our understanding of the mechanism of action of
these drugs. Furthermore, this previously neglected charac-
teristic of platinum could be useful in the context of com-
bination therapies, potentiating the effect of targeted ther-
apies or immunotherapy.

© 2014 American Association for Cancer Research
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cells (PD-L1 is an inducer of toler-
ance and a negative regulator of anti-
tumor immunity).55 STAT3-mediated 
IL-10 secretion was found to promote 
the formation of M2-macrophages. It 
has also been demonstrated that M2 
macrophages regulate breast cancer 
stem cell function, via a novel EGFR/
STAT3/Sox-2 paracrine signaling 
pathway, further supporting STAT3’s 
participation in regulation of the 
tumor microenvironment.56

STAT3 activation prevents anti-
tumor immunity. STAT3’s role in 
preventing the initiation of anti-tumor 
responses is most evident from STAT3-
deletion studies. Specifically, inac-
tivation of STAT3 in hematopoietic 
cells revealed an anti-tumor response, 
which involved the activation of den-
dritic cells, T cells and natural killer 
(NK) cells, resulting in the suppres-
sion of tumor growth and metastasis 
in multiple syngeneic tumor models.57 
Analogous studies of STAT3 inacti-
vation in myeloid or T cells potently 
augmented effector functions of adop-
tively transferred T cells,58 while the 

prophylactic administration of breast cancer cells transfected 
with STAT3Y705 (a dominant-negative STAT3 vector) inhib-
ited primary tumor growth in vivo by triggering an anti-tumor 
immune response that involved the participation of CD4+ 
T cells and cytotoxic NK cells.59 The therapeutic immunization 
of these cells resulted in the inhibition of tumor growth, promo-
tion of tumor cell differentiation and decreased metastasis. The 
genetic or pharmacologic disruption of STAT3 in malignant 
B cells (MCL-bearing mice) augmented their immunogenicity, 
leading to increased activation of antigen-specific CD4+ T cells 
and activation of anti-lymphoma immunity in vivo,60 whereas 
the deletion of STAT3 in myeloid cells or in vivo targeting of 
STAT3 in tumor-associated myeloid-derived suppressor cells 
and B cells resulted in enhanced CD8+ T cell responses, acti-
vation of tumor-associated monocytes and dendritic cells, with 
tumor regression.61 Moreover, deletion of STAT3 in myeloid 
cells or in vivo targeting of STAT3 in TLR9+ cells, such as DCs, 
MDSCs and B cells, by synthetically linking a STAT3 siRNA 
to a CpG oligonucleotide agonist of TLR9, resulted in enhanced 
CD8+ cell-mediated responses and an anti-tumor response.62 
STAT3-deficient myeloid derived suppressor cells also failed 
to promote the formation of vessel-like structures in vitro, due 
to the reduction in the levels of the STAT3-dependent pro-
angiogenic factors VEGF, bFGF, IL-1β, MMP-9, CXCL2 and 
CCL2,25 suggesting that the tumor immune microenvironment 
also regulates tumor angiogenesis with STAT3 playing a key role 
in this process.

immunosuppressive microenvironment and abrogating anti-
tumor responses. The quality and quantity of immune-cell infil-
trates within the tumor stroma has been described to determine 
the clinical course and response to therapy. Indeed, aberrant 
STAT3 expression in cancers has been associated with both the 
quantity and quality of immunosuppressive tumor-promoting 
myeloid-derived suppressor cells (MDSCs) and Th17 cells, 
while reducing DCs and minimizing anti-tumor responses.16 For 
example, IL-6, IL-10 and VEGF activate STAT3 and STAT3 
hyperactivation conversely enhances myeloid-derived suppres-
sor cell numbers and activity in tumor bearing hosts and blocks 
the differentiation and expansion of functional dendritic cells.50 
IL-6 and STAT3 are also required for Th17 cell differentiation, 
which in turn sustains inflammation via the secretion of the 
IL-17 and IL-23 cytokines and are responsible for the secretion 
of the angiogenic factors VEGF and TGFβ in fibroblasts and 
endothelial cells. The secreted IL-17 and IL-23, in turn, stabilize 
the Th17 phenotype, demonstrating the presence of STAT3-
dependent feed-forward loops within the microenvironment 
of the tumor stroma.51,52 STAT3-mediated IL-23 production 
(IL-23α/IL-23β heterodimers) promotes the inhibition of effec-
tor T-cell proliferation,53 while IL-27, a member of the IL-6/
IL-12 family of cytokines was found to activate STAT3 stimu-
lating the generation of the tumor-promoting IL-10-producing 
type 1 regulatory T cells via the suppression of RANKL expres-
sion.54 STAT3 was also recently demonstrated to positively 
regulate PD-L1 expression on tolerogenic antigen-presenting 

Figure 3. The STAT3-dependent cytokine network as a regulator of cellular interactions with the 
tumor stroma.
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Introduction: Aberrant JAK-STAT Signaling  
in Tumors

The JAK-STAT pathway is an important oncogenic signaling 
cascade that consists of the Janus kinase (JAK) family of non-
receptor tyrosine kinases and the signal transducer of activator 
of transcription (STAT) family of transcription factors.1 Under 
physiological conditions, the ligand-dependent activation of the 
JAK-STAT pathway is transient and tightly regulated. However, 
in most malignancies, STAT proteins and particularly STAT3, is 
aberrantly activated (tyrosine phosphorylation) in the majority 
of cancers.2,3

A number of malignancies have been associated with genetic 
abnormalities that lead to increased STAT3 expression/activation 
(epithelial and hematopoietic). For example, somatic gain-of-
function mutations within the extracellular domain (D2) of the 
gp130 receptor chain resulted in the hyperactivation of the recep-
tor, the consequent phosphorylation of STAT3 and the develop-
ment of inflammatory hepatocellular adenoma.4 Other cancers 
display somatic mutations in the STAT3-inactivating phospha-
tases T and δ, whereas the epigenetic silencing of SOCS3—a 
negative regulator of STAT3—is observed in many epithelial 
cancers.5,6 Constitutively activating mutations within the STAT3 
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Persistent JAK-STAT3 signaling is implicated in many aspects 
of tumorigenesis. Apart from its tumor-intrinsic effects, STAT3 
also exerts tumor-extrinsic effects, supporting tumor survival 
and metastasis. These involve the regulation of paracrine 
cytokine signaling, alterations in metastatic sites rendering 
these permissive for the growth of cancer cells and subversion 
of host immune responses to create an immunosuppressive 
environment. Targeting this signaling pathway is considered 
a novel promising therapeutic approach, especially in the 
context of tumor immunity. In this article, we will review to 
what extent JAK-STAT3-targeted therapies affect the tumor 
microenvironment and whether the observed effects underlie 
responsiveness to therapy.
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gene (exon 21; SH2 domain) have also been identified in large 
granular lymphocytic leukemias,7 whereas aberrant activation of 
the JAK2 kinase—an upstream activator of STAT3—has also 
been directly implicated in several hematopoietic malignancies 
and myeloproliferative disorders, primarily due to genetic abnor-
malities (somatic activating mutation) in the JAK2 kinase (V617F 
exon 12) or in the thrombopoietin receptor (MPL) resulting in 
STAT3/5 hyperactivation.8

However, the most common mechanism mediating STAT3 
tyrosine phosphorylation in malignancies of epithelial origin is 
via increased/sustained IL-6 (family)/gp130 signaling.9,10 Indeed, 
the induction of IL-6 expression is positively regulated in a feed-
forward loop resulting in the amplification of this pathway.10 
NFκB, Notch and S1PR1 signaling are also positive regulators 
of IL-6 expression and are frequently co-expressed with activated 
STAT3 in cancers,11,12 whereas the aberrant signaling of other 
“oncogenic” pathways, such as EGFR, HER2, Ras and Rho can 
also result in increased IL-6 production and subsequent STAT3 
activation.13-15

Other positive regulators of the JAK-STAT3 pathway within 
the tumor stroma include IL-10, IL-21, IL-22, IL-27, IL-1β, 
TNFα, CCL2 (which also promote a pro-inflammatory micro-
environment), G-CSF, leptin, the PI3K/mTOR/PTEN pathway, 
the receptor tyrosine kinases MET and EGFR and the non-
receptor tyrosine kinases Abl, Src and Syk.16,17 In addition to 
tyrosine phosphorylation, STAT3 can also be serine phosphory-
lated within its transcriptional activation domain, acetylated, 
methylated, sumoylated and ubiquitylated, which alters its stabil-
ity, transcriptional activation and nuclear localization.18 Negative 
regulators of the JAK-STAT pathway comprise the SOCS pro-
teins, the protein tyrosine phosphatases LMW-DSP2, TC-PTP, 
PTPRD, SHP1 and SHP2.6,19,20 Thus, the regulation of STAT3 
activation in cancer is the result of the crosstalk between onco-
genic signaling pathways, and redundancies in these give rise to 
persistent STAT3 activation.

Role of JAK-STAT3 Signaling in Tumorigenesis

The JAK-STAT3 signaling has been regarded as a critical reg-
ulator of tumorigenesis. Indeed, the strength and duration of 
STAT3 activation and the formation of feed-forward signal-
ing loops within the tumor stroma are major determinants of 
cytokine responses and the arising cellular functions that pro-
mote tumor growth.21,22 Some of the tumor-intrinsic functions 
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Persistent JAK-STAT3 signaling is implicated in many aspects 
of tumorigenesis. Apart from its tumor-intrinsic effects, STAT3 
also exerts tumor-extrinsic effects, supporting tumor survival 
and metastasis. These involve the regulation of paracrine 
cytokine signaling, alterations in metastatic sites rendering 
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of host immune responses to create an immunosuppressive 
environment. Targeting this signaling pathway is considered 
a novel promising therapeutic approach, especially in the 
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the induction of IL-6 expression is positively regulated in a feed-
forward loop resulting in the amplification of this pathway.10 
NFκB, Notch and S1PR1 signaling are also positive regulators 
of IL-6 expression and are frequently co-expressed with activated 
STAT3 in cancers,11,12 whereas the aberrant signaling of other 
“oncogenic” pathways, such as EGFR, HER2, Ras and Rho can 
also result in increased IL-6 production and subsequent STAT3 
activation.13-15
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the tumor stroma include IL-10, IL-21, IL-22, IL-27, IL-1β, 
TNFα, CCL2 (which also promote a pro-inflammatory micro-
environment), G-CSF, leptin, the PI3K/mTOR/PTEN pathway, 
the receptor tyrosine kinases MET and EGFR and the non-
receptor tyrosine kinases Abl, Src and Syk.16,17 In addition to 
tyrosine phosphorylation, STAT3 can also be serine phosphory-
lated within its transcriptional activation domain, acetylated, 
methylated, sumoylated and ubiquitylated, which alters its stabil-
ity, transcriptional activation and nuclear localization.18 Negative 
regulators of the JAK-STAT pathway comprise the SOCS pro-
teins, the protein tyrosine phosphatases LMW-DSP2, TC-PTP, 
PTPRD, SHP1 and SHP2.6,19,20 Thus, the regulation of STAT3 
activation in cancer is the result of the crosstalk between onco-
genic signaling pathways, and redundancies in these give rise to 
persistent STAT3 activation.

Role of JAK-STAT3 Signaling in Tumorigenesis

The JAK-STAT3 signaling has been regarded as a critical reg-
ulator of tumorigenesis. Indeed, the strength and duration of 
STAT3 activation and the formation of feed-forward signal-
ing loops within the tumor stroma are major determinants of 
cytokine responses and the arising cellular functions that pro-
mote tumor growth.21,22 Some of the tumor-intrinsic functions 
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However, the biological role of interaction between 
cisplatin and anionic phospholipids is probably not limited to 
the changes in the membrane fluidity. Anionic phospholipids 
PS, PI and PG play major role in the regulation of cell 
functions as they interact with various proteins and anchor 
them to the inner monolayer surface of the plasma 
membranes [264]; therefore, it is possible that interactions 
between cisplatin and anionic phospholipids may result in 
the disruption of these phospholipid-protein interactions with  
variety of biological implications. For example, most 
members of protein kinase C family (PKC) of kinases 
depend for their activation on interaction with PS [265]. 
Since PS has been shown to interact with cisplatin species 
forming stable complexes with PtII atom coordinated to the 
carboxylate and amine groups of the serine moiety [266, 
267], it is reasonable to expect that cisplatin-PS interactions 
may affect variety of biological functions mediated by 
various PKC isozymes. In fact, PKC activity have been 
previously shown to correlate with sensitivity of some cancer 
cell lines to cisplatin [268], which supports PKC as a 
possible cytotoxicity-related target of cisplatin, but the role 
of the hypothesized cisplatin-mediated disruption of PS-PKC 
activating interaction has yet to be confirmed. The higher 
abundance of PS in cell membranes and its reportedly higher 
reactivity towards cisplatin compared to other anionic 
phospholipids CL, PG and PI [266] suggest that PS may be 
biologically the most relevant phospholipidic target of 
cisplatin. Biological significance of cisplatin-PS interactions 
is also supported by the fact that binding of cisplatin to PS in 

model membranes resulted in the increased distance between 
acyl chains in PS molecules and introduced disorder into 
these membranes [269]. Passive diffusion of cisplatin and its 
reactive species through cell membranes is expected to be 
difficult for membranes containing large quantity of PS and 
consequently, increased amount of membrane PS associated 
with reduced intracellular uptake of cisplatin was suggested 
among possible mechanisms involved in the resistance of 
cancer cells to cisplatin [269]. Nevertheless, the results of 
experiments that employed intact cells rather than model 
membranes or erythrocyte ghosts demonstrated that the 
affinity of cisplatin to PS is relatively low in the presence of 
higher affinity cellular substrates, such as glutathione,  
L-methionine or 5'-GMP [270]. And consequently, stable 
cisplatin-PS complexes were not detected in cisplatin-treated 
cells with intact membranes in spite of demonstrated  
high intracellular uptake of cisplatin and highly sensitive 
detection methods employed in these experiments. Thus, 
experiments employing whole cells do not support direct role 
of formation of cisplatin-PS complexes in cellular cytotoxicity 
of cisplatin [270]. The absence of cisplatin-PS complexes in 
cisplatin-treated cells, in which higher affinity substrates for 
cisplatin are available, is consistent with reported finding 
that cisplatin-PS formed in cisplatin-treated model membranes 
can be degraded by the excess of glutathione [266]. In 
summary, conclusive evaluation of the possible role of 
interactions between cisplatin and phospholipids in general, 
and PS in particular, which were suggested by biophysical 
and structural studies, requires further research focused on 

 
Fig. (3). Selected non-DNA molecular and cellular targets of cisplatin. Cisplatin interacts with: (i) various small non-coding RNAs, 
including tRNAs and miRNAs with wide range of possible biological consequences; (ii) mRNAs and rRNAs that contributes to the cisplatin-
induced inhibition of translation; (iii) G- and F-actin causing damage to actin filaments; (iv) membrane anionic phospholipids inducing 
changes in membrane fluidity and possibly other membrane-based functions; and (v) ubiquitin and Hsp90 inhibiting proteasome system and 
inducing ER stress (see text for details). 
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malignancies, including germ cell tumors and head and neck 
cancers [14], and its importance in experimental and clinical 
oncology is not expected to decline. 

REACTIVITY OF CISPLATIN AND FORMATION OF 
ACTIVE MOLECULAR SPECIES  

PtII atom is the reaction center that is responsible for 
interaction of cisplatin with its various molecular targets via 
charge-charge interactions or formation of coordinate 
covalent bonds with appropriate nucleophiles. Considering 
the fact that PtII is a soft acid, the Hard-Soft Acid-Base 
(HSAB) theory predicts that cisplatin and molecular species 
produced by its hydrolysis will preferentially react with soft, 
easily polarizable bases and form bonds with covalent rather 
than ionic characteristics [15]. Consistent with this 
prediction, cisplatin and its species preferentially react with 
sulfur-containing nucleophiles over amine N-nucleophiles 
and O-nucleophiles.  

Binding of PtII to N-nucleophiles, such as nucleobases 
appears to require hydrolytic activation of cisplatin to its 
monoaquated species [16], whereas S-nucleophiles, such as 
methionine and cysteine residues in peptides and proteins 
can react with cisplatin directly and replace chloride without 
need for prior aquation [17]. During its hydrolysis, cisplatin 
(1) reacts with water in a series of substitution and 
deprotonation reactions forming various molecular species 
with net charge of 0, +1 and +2, including highly reactive 
mono- and diaquated species 2, 4 and 5 (Fig. 1) [18]. 
Reactivity of these species is determined by the capability  
of a given group to be replaced by a nucleophile, and  

since the order of decreasing leaving group capability is  
H2O > Cl¯ >>> OH¯, the most reactive species is diaqua 
complex 4, followed by monoaqua complexes 2, and 5, 
while complexes 1 and 3 are kinetically relatively inert and 
the complex 6 is virtually non-reactive [19]. The distribution 
of these species is determined by the reaction time, pH and 
the concentration of chloride anions. In the extracellular 
environment with pH 7.4 and high chloride concentrations  
(~ 0.1 M), the dominant species at equilibrium would be 
cisplatin (1) and chloro-hydroxo complex 3. These neutral 
molecules can pass across a cell membrane to the cytoplasm, 
where chloride concentration drops to about 4 mM and 
species 3, 5 and 6 become dominant with approximately 
equal molar abundance [19].  

However, the importance of individual species is not 
determined exclusively by their abundance at equilibrium 
but also by kinetic considerations. Combining equilibrium 
species distribution with kinetics of their reactions with 
inosine N7 as a model nucleobase at pH 7.4 and chloride ion 
concentration of 4 mM, R. B. Martin determined weighted 
relative reaction rates for individual cisplatin species and 
demonstrated that for the reaction with nucleobases in 
intracellular environment the most significant species will be 
5, followed by 2 and 4 [19]. On the other hand, species 5 and 
4 but not 2 were experimentally found to kinetically prefer 
GpG to ApG and considering preferential binding of 
cisplatin to GpG sequences in vitro and in vivo this finding 
supports the role of species 5 and 4 in the platination of 
DNA [20]. The situation is further complicated by the ability 
of intracellular phosphate, pyrophosphate and carboxylate 

 

Fig. (1). Aquation and deprotonation reactions of cisplatin (1) generate various molecular species (2-6), among which hydroxo-aqua complex 
(5) reportedly represents the most significant (abundant and reactive) species in the intracellular environment. 

Aquation and deprotonation reactions of cisplatin 
(1) generate various molecular species (2-6): 
hydroxo-aqua complex (5) reportedly represents 
the most significant (abundant and reactive) 
species in the intracellular environment. 
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Farmaci Antineoplastici

• Agenti alchilanti
• Antimetaboliti

• Prodotti naturali
• Agenti vari
• Ormoni



Ormoni e loro analoghi

• I carcinomi che insorgono in organi come la 
mammella, l’ovaio e la prostata, mantengono la 
sensibilità agli ormoni specifici per quello che 
riguarda il loro accrescimento, la loro funzionalità e 
la loro integrità morfologica.

• Alterando  la situazione ormonale, è possibile variare 
il decorso della malattia.

• I più utilizzati: TAMOXIFENE nel Ca della mammella e 
la FLUTAMIDE nel Ca della prostata.



CONCLUSIONI

• La fattibilità ed il successo di una chemioterapia, dipendono 
da fattori legati, da una parte al paziente (Performance 
Status) e dall’altra al tumore.

• In particolare, è determinante la capacità delle cellule 
tumorali di sviluppare una resistenza ai farmaci ; ciò  fa sì che 
all’interno di una popolazione neoplastica si sviluppino cloni 
in grado di resistere all’azione dei farmaci e di progredire 
inesorabilmente.

• Per questo motivo, la strategia terapeutica più valida consiste 
nell’iniziare una polichemioterapia il più precocemente 
possibile, rispettando, il più possibile, tempi e schemi di 
somministrazione per non disperdere l’efficacia terapeutica.
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the assembly and disassembly of the mitotic apparatus. The
discovery of tumor suppressor genes further solidified our funda-
mental knowledge of malignant transformation and helped further
explain the activity of empirically derived anticancer drugs. For
example, the retinoblastoma protein is inactivated during onco-
genesis through mutation, phosphorylation by cyclin-dependent
kinases, sequestration by viral oncoproteins, or degradation by
caspases (10). This unleashes the cell from cell cycle checkpoints
and releases a family of bound transcription factors (E2F) that
activate genes critical for the malignant phenotype, including
thymidylate synthase and dihydrofolate reductase. Therefore, it is
not surprising that some of our most effective chemotherapeutic
agents work downstream of these early signal transduction events
to inhibit the enzymes of DNA synthesis ( fluoropyrimidines,
methotrexate), DNA function (alkylating agents, topoisomerase
poisons), transcription (actinomycin-D), and microtubule dynamics
(Vinca alkaloids and taxanes) and have the broadest spectrum of
activity and the greatest toxicity. By combining drugs that target
DNA, e.g., the platinating agents (carboplatin and cisplatin), with
drugs that target microtubules, e.g., taxanes and Vinca alkaloids,
we understandably created the most effective forms of combina-
tion therapy. Today, lung (both small cell and non–small cell),

bladder, ovarian, breast, and several other solid tumors are treated
with some variation of this fundamental combination.
Steroid hormone growth factors work differently. Thesemolecules

interact with nuclear receptors directly to activate the transcription
of genes whose products stimulate the growth and viability of
hormone-dependent malignancies such as breast and prostate
cancer. Selective estrogen receptor (ER) modulators and aromatase
inhibitors interfere with this process, and are highly effective
targeted therapies and well-tolerated anticancer therapeutics (11).
Most of the recently developed targeted therapies work on

proximal events in signal transduction cascades rather than
affecting the downstream output of these pathways (Fig. 1).
Bcr:abl, CD20, Her-2/NEU, and epidermal growth factor receptor
(EGFR) represent important targets of ‘‘targeted therapies’’ of the
modern era. If these are our best examples, what characteristics
do the targets have in common? Most striking is their subcellular
location, i.e., the plasma membrane. For all but CD20, the
downstream signaling pathways are well defined, using ras,
Jak/stat, mitogen-activated protein (MAP) kinase, or PI3-kinase
signaling that ultimately results in the downstream activation of
genes that replicate DNA and polymerize microtubules. Thus, the
upstream location of these targets makes the drugs that inhibit

Figure 1. Subcellular localization of the targets of targeted and nontargeted therapies. Malignant transformation activates signal transduction pathways that culminate
in DNA synthesis, assembly of the mitotic apparatus, and ultimately, increased cell division and viability. Targeted therapies inhibit upstream components of signal
transduction systems creating susceptibilities to downstream abrogators of response. Drug A targets an activated oncogene tyrosine kinase pathway and is susceptible
to resistance in the presence of an activated pathway b or c. Drug B targets a nuclear receptor (selective ER modulators) that directly interacts with DNA and is
less susceptible to downstream abrogators. Drug C targets DNA directly (e.g., alkylating agents, anthracyclines), and drug D targets microtubules (Vinca alkaloids,
taxanes). The latter are less affected by upstream events. The double helix is from the National Library of Medicine collection. The microtubules are from Jordan MA,
Wilson L. Microtubules as a target for anticancer drugs. Nat Rev Cancer 2004;4:253–265 with permission.
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In the 200 years since the New England Journal of Medicine was founded, 
cancer has gone from a black box to a blueprint. During the first century of the 
Journal’s publication, medical practitioners could observe tumors, weigh them, 

and measure them but had few tools to examine the workings within the cancer 
cell. A few astute observers were ahead of their time, including Rudolf Virchow, who 
with the benefit of a microscope deduced the cellular origin of cancer in 1863,1 and 
Stephen Paget, who in 1889 wisely mused about the seed-and-soil hypothesis of 
metastatic disease,2 a theory that is coming into its own today (Table 1). Other key 
advances were the discovery of a viral cause of avian cancer by Peyton Rous in 19113 
and the proposal by Theodor Boveri in 1914 that cancer can be triggered by chro-
mosomal mutations.4

But the lid of the black box was not seriously pried open until 1944, when a 
retired scientist at Rockefeller University, Oswald Avery, reported the results of his 
beautifully clear experiments with the pneumococcal bacillus, which showed that 
cellular information was transmitted not by proteins but by DNA.5 His work led 
directly to the important discovery of the structure of DNA by Watson and Crick in 
1953.6 Eight years later, the genetic code was broken by Nirenberg and colleagues,7 
and the central dogma of biology was established; that information was transmitted 
from DNA to RNA and resulted in the synthesis of proteins. Then, the first of a series 
of totally unexpected discoveries disrupted this thinking, and we were reminded that 
things are not always what they seem in dealing with Mother Nature. The discovery 
of reverse transcriptase by Temin and Mizutani8 and Baltimore9, which showed that 
information could be transmitted the other way, from RNA to DNA, had a profound 
influence on medicine but most particularly on cancer medicine.

Early investigators discovered that DNA is a very large molecule that was difficult 
to study in the laboratory. In 1970, Smith and Wilcox solved this problem by identify-
ing enzymes that bacteria used defensively to cleave DNA at specific restriction 
sites.10 These discoveries gave birth to the molecular revolution and the biotechnol-
ogy industry. They also paved the way for the sequencing of the genome.

This kind of science was expensive. The U.S. Congress partially addressed the 
problem by passing the National Cancer Act, which expanded the role of the Na-
tional Cancer Institute (NCI), the first disease-oriented agency at the National 
Institutes of Health (NIH). The act, which was signed into law on December 23, 
1971, by President Richard Nixon, created a new mandate for an NIH institute: “to 
support research and the application of the results of research to reduce the inci-
dence, morbidity and mortality from cancer.” The emphasis on the application of 
the results of research was new; it had not been in the mission statement of the 
NIH. The act would quintuple the budget of the NCI by the end of the decade and 
provide the fuel for the revolution in molecular biology.

Although the enthusiasm in Congress for eradicating cancer was largely derived 
from excitement over a few clinical advances, about 85% of these new funds went to 
support basic research. At its peak in the early 1980s, the NCI accounted for 23% 
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In the 200 years since the New England Journal of Medicine was founded, 
cancer has gone from a black box to a blueprint. During the first century of the 
Journal’s publication, medical practitioners could observe tumors, weigh them, 

and measure them but had few tools to examine the workings within the cancer 
cell. A few astute observers were ahead of their time, including Rudolf Virchow, who 
with the benefit of a microscope deduced the cellular origin of cancer in 1863,1 and 
Stephen Paget, who in 1889 wisely mused about the seed-and-soil hypothesis of 
metastatic disease,2 a theory that is coming into its own today (Table 1). Other key 
advances were the discovery of a viral cause of avian cancer by Peyton Rous in 19113 
and the proposal by Theodor Boveri in 1914 that cancer can be triggered by chro-
mosomal mutations.4

But the lid of the black box was not seriously pried open until 1944, when a 
retired scientist at Rockefeller University, Oswald Avery, reported the results of his 
beautifully clear experiments with the pneumococcal bacillus, which showed that 
cellular information was transmitted not by proteins but by DNA.5 His work led 
directly to the important discovery of the structure of DNA by Watson and Crick in 
1953.6 Eight years later, the genetic code was broken by Nirenberg and colleagues,7 
and the central dogma of biology was established; that information was transmitted 
from DNA to RNA and resulted in the synthesis of proteins. Then, the first of a series 
of totally unexpected discoveries disrupted this thinking, and we were reminded that 
things are not always what they seem in dealing with Mother Nature. The discovery 
of reverse transcriptase by Temin and Mizutani8 and Baltimore9, which showed that 
information could be transmitted the other way, from RNA to DNA, had a profound 
influence on medicine but most particularly on cancer medicine.

Early investigators discovered that DNA is a very large molecule that was difficult 
to study in the laboratory. In 1970, Smith and Wilcox solved this problem by identify-
ing enzymes that bacteria used defensively to cleave DNA at specific restriction 
sites.10 These discoveries gave birth to the molecular revolution and the biotechnol-
ogy industry. They also paved the way for the sequencing of the genome.

This kind of science was expensive. The U.S. Congress partially addressed the 
problem by passing the National Cancer Act, which expanded the role of the Na-
tional Cancer Institute (NCI), the first disease-oriented agency at the National 
Institutes of Health (NIH). The act, which was signed into law on December 23, 
1971, by President Richard Nixon, created a new mandate for an NIH institute: “to 
support research and the application of the results of research to reduce the inci-
dence, morbidity and mortality from cancer.” The emphasis on the application of 
the results of research was new; it had not been in the mission statement of the 
NIH. The act would quintuple the budget of the NCI by the end of the decade and 
provide the fuel for the revolution in molecular biology.

Although the enthusiasm in Congress for eradicating cancer was largely derived 
from excitement over a few clinical advances, about 85% of these new funds went to 
support basic research. At its peak in the early 1980s, the NCI accounted for 23% 
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1968: g-knife radiosurgery; 1980: multileaf collimator; 1988: intensity 
modulated radiotherapy; 1976: cure of testicular cancer; 1989: 
Tamoxifen prevention trials and proof of principle of chemoprevention 

1991: breast cancer mortality begins to fall; 1995: antiestrogen drugs 
prevent DCIS; 1998: Tamoxifen reduces breast cancer incidence; 
1996: Imatinib for CML; 1997: first MoAb approved 

2002: Finasteride reduces prostate cancer incidence; 2003: aspirin 
prevents colon cancer 

2014: Aspirin is approved by FDA for the prevention of CRC 
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