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• Act on all rapidly dividing 
(normal and cancerous) 
cells 

• Have prevalently 
cytotoxic activity 

 
• Inhibit the growth of 

hormone-dependant 
cancers (i.e. breast and 
prostate cancer) 

 
 

 
• Block the growth and 

spread of cancer by 
interfering with specific 
molecules ("molecular 
targets") that are 
involved in the growth, 
progression, and spread 
of cancer 

• Have prevalently 
cytostatic activity 

 
• Restore the physiological 

immune response 
towards anything 
potentially harmful for 
our organism, including 
cancer cells 

Cytotoxic 
chemotherapy 

Hormonal 
treatments 

Targeted 
agents 

Immune checkpoint 
inhibitors 
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Neo-adjuvant therapy  
 
Administration of an anti-
cancer therapy, before the 
main treatment (usually 
surgery) is given; aims to 
reduce the size or the extent 
of the tumor, in order to 
make surgery less demolitive 
and more likely to succeed 

Adjuvant therapy  
 
Any additional treatment, 
given after the primary 
therapy (usually surgery), 
aimed at acting on residual 
microscopic disease, in order 
to reduce the risk of tumor 
relapse 

 
 

Treatment for the advanced disease 
 
Used when the tumor is already metastasized to distant 
organs and has just palliative purposes, including tumor 
volume reduction and survival prolongation (whenever 
possible)  
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Breast cancer 
Sarcomas 

Breast cancer 
GI cancers (colon, rectum, 

stomach, pancreas) 
NSCLC 

Prostate cancer 
H&N cancer 
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Louis Goodman and 
Alfred Gilman used 
nitrogen mustard to 
treat a patient with 
nHL and for the first 
time demonstrated 
that CT can induce 
tumor regression 

Syndey Farber used 
antifolates to succes-
sfully induce remis-
sion in children with 
ALL 

George Hitchings and 
Gertrude Elion syn-
thesized the purine 
analogue 6-merca-
ptopurine 

The National Chemo-
therapy Program be-
gan at the NCI, the 
first systematic pro-
gramme for anti-
cancer drug scree-
ning 

Roy Hertz and Min 
Chiu Li demonstrated 
that Methotrexate 
can cure choriocarci- 
noma, the first solid 
tumor to be cured by 
CT 

The FDA approved 
the alkylating agent 
Cyclophosphamide 

Vincent De Vita and 
Coll. cured nHL 
patients with combi-
nation CT 

A combination of 
Cyclophosphamide, 
Methotrexate and 5-
FU (CMF) proved 
effective as adjuvant 
Tx for node-positive 
breast cancer 

The NCI introduces 
‘disease oriented’ 
screening using 60 
cell lines derived 
from patients with 
different types of 
tumors 

Combination CT 
proved able to indu-
ce long-term remis-
sions in pediatric ALL 

First proof of 
principle that adju-
vant CT can improve 
cure rates (in osteo-
sarcoma) 

The FDA approved 
Cisplatin for the 
treatment of ovarian 
cancer The FDA approved 

Paclitaxel, the first 
”blockbuster” onco-
logy drug 

Studies by Brian 
Druker lead to 
FDA approval of 
Imatinib mesy-
late for the 
treatment of 
CML; the targe-
ted therapy era 
in Oncology 
starts  



• Chemotherapy is less and less frequently used alone 
 

• Even in breast cancer, where in the past it had led to the first significant survival 
improvements in the advanced disease setting, and contributed to significantly reduce 
the risk of relapse in the adjuvant setting, the current role of chemotherapy is 
undergoing complete reconsideration 
 

• When its role has not already been completely replaced by molecularly targeted 
therapies or by immunotherapy ... 
 

• … more and more frequently today, chemotherapy is associated with targeted agents 
(e.g. in breast and colon cancer) or immune checkpoint inhibitors (e.g. in NSCLC) … 
 

• … leading not only to improved activity and efficacy, but also toxicity 



Historically, cytotoxic chemothe-
rapeutic agents have been divided 
into “phase non specific”, i.e. those 
which act in any phase of the cell 
cycle, or “phase-specific”, i.e. those 
which act in a specific phase of the 
cell cycle, where they cause the 
greatest cytotoxic effect 







ALKYL GROUPS 

methyl group 

ethyl group 

propyl group 

iospropyl group 

• Alkylating agents are highly reactive drugs which bind to 
certain chemical groups of nucleic acids, as well as other 
macromolecules, leading to their (often irreversible) 
damage 
 

• The types of molecular changes induced by alkylating 
agents include cross-linking between strands of DNA, 
and the loss of a basic component (purine) from the 
nucleic acid, or the breaking of the nucleic acid itself. 
The net result is that the nucleic acid will not be 
replicated 
 

• The altered DNA will thus be unable to carry out the 
normal functions of the cell, resulting in cell death 
(cytotoxicity), or it will change cell’s characteristics, 
resulting in an altered cell (mutagenic change) 



 
 
 
Nitrogen mustards 

• Cyclophosphamide 
• (Mechlorethamine) 
• Melphalan 
• Chlorambucil 
• Ifosfamide 
• Bendamustine 
 

Nitrosureas 
• Carmustine (BCNU) 
• Lomustine (CCNU) 
• (Streptozocin) 

 
Alkyl sulfonates 

• Busulfan 

Classical alkylating 
agents 

Platinum derivatives 
• Cisplatin (CDDP) 
• Carboplatin (CBDCA) 
• Oxaliplatin (l-OHP) 
• (Satraplatin) 

 

• Procarbazine 
• (Altretamine) 
• Dacarbazine  
• Temozolomide 

Alkylating-like 
agents 

Non-classical alkylating 
agents 

Possibly a distinct category, since they 
do not contain any alkyl group; 
however, since they permanently 
coordinate to DNA to interfere with 
DNA repair, have often been associated 
with alkylating agents 

No perfect consensus exists on the 
members of this subclass of alkylating 
agents 



Bone Marrow toxicity 
• is dose-dependant and causes myelosuppression with reduction of erythrocytes, white blood cells, 

and platelets 
• Includes also immune suppression, both cellular (T-mediated) and humoral (B-mediated) 
• Leukemogenesis 

 

Mucosal toxicity 
• Highly toxic to the mucosa (oral, genital, intestinal); through their metabolite acrolein, they exert a 

particular damage on the mucosa of the bladder (chemical cystitis, expecially from Ifosfamide) 
 

Gastrointestinal toxicity 
• Nausea and vomiting (after i.v. administration), diarrhea 

 

Neurotoxicity 
 
Male and female reproductive system toxicity 



Trendowski MR, et al. Clin Cancer Res 2019;25:1147-55. 



• Neurotoxicity, represented by the so-called stocking-
glove sensory neuropathy, with burning dysesthesia at 
the feet and hands, and by pins and needles 
dysesthesia immediately upstream; it is often 
exacerbated by exposure to cold 
 

• Ototoxicity, resulting in hearing loss in as much as 50% 
of patients treated at conventional doses 
 

• Platinum derivatives (and other alkylating agents such 
as Dacarbazine) are also highly emetogenic, causing 
intense nausea and vomiting (through CNS 
stimulation), which always require prophylactic 
antiemetics 





 
 
 
Anthracyclines 

• Doxorubicin (a.k.a. Adriamycin) 
• Daunorubicin 
• Epirubicin (a.k.a. 4’-epidoxoru-

bicin) 
• Mithoxantrone 
• Idarubicin 
 

Chromomycins 
• (Dactinomycin) 

 
Miscellaneous 

• Bleomycin 
• Mitomycin-C 

Antitumor antibiotics 

 
 
 
 
Vinca alkaloids 

• Vincristine 
• Vinblastine 
• Vinorelbine 

 
Taxanes 

• Paclitaxel 
• Docetaxel 

 
Epipodophyllotoxins 

• Etoposide, a.k.a. VP-16 
• (Tenoposide, a.k.a. VM-26) 

 
Camptothecan analogues 

• Irinotecan 
• Topotecan 

 

Plant alkaloids 



Streptomyces verticillus Streptomyces bacterium 

Bleomycin Anthracyclines 



Camptotheca acuminata                  Camptothecan analogues 
 

Vinca Rosea                 Vinca alkaloids 

Taxus brevifolia (Pacific yew) Podophyllum peltatum 

Epipodophyllotoxins Taxanes 



Bone Marrow toxicity 
• Is dose-dependant and causes myelosuppression with reduction of erythrocytes, white 

blood cells and platelets 
 

Cutaneo-mucosal toxicity 
• Oral stomatitis 
• Flagellate dermatitis (from Bleomycin) 

 

Cardiotoxicity 
• Acute or chronic (from anthracyclines) 

 
Pulmonary toxicity 

• Pulmonary fibrosis, often leading to irreversible lung damage (from Bleomycin) 



Pulmonary fibrosis Flagellate dermatitis 



Following the binding of Doxorubicin with Fe3+, within a iron-catalyzed oxidation process, reactive 
oxygen species are produced through a cascade of biochemical events:  

Fe3+ + Doxo  Fe2+ + O2
.
  

2 O2
.
 + 2 H+  H2O2 + O2  

SOD 

H2O2   2 OH
.
  and/or 1O2 + H2O   

Fe++ 

In the presence of O2, Fe2+ is reoxidized to Fe3+ 





• 5-Flurouracil (5-FU) 
• Cytarabine (Ara-C) 
• Capecitabine, an oral 5-FU pro-drug 
• Gemcitabine, an Ara-C pro-drug 
• Decitabine 
• UFT (Tegafur/Uracil)* 
• TS-1 or S-1 

(Tegafur/Gimeracil/Oteracil)** 
 
 

Pyrimidine antagonists 

• Fludarabine 
• (6-Mercaptopurine)  
 

• Methotrexate 
• Pemetrexed 

Purine antagonists Folate antagonists 

*UFT is a combination of Tegafur and Uracil in a molar ratio of 
1:4; following oral administration, Tegafur is converted to 5-
FU and Uracil prolongs 5-FU half-life, competing with it for 
binding to DPD (dihydropyrimidine dehydrogenase); 
**S-1 is a combination of Tegafur, Gimeracil and Oteracil in a 
molar ratio of 1:1:0.4; Gimeracil inhibits the degradation of 5-
FU by reversibly blocking DPD; Oteracil reduces the 
production of 5-FU in the gut by blocking the enzyme orotate 
phosphoribosyltransferase, thus contributing to a lower 
gastrointestinal toxicity 



Gastrointestinal toxicity 
• Nausea and vomiting, diarrhea 
• Acute pancreatitis 
• Liver damage 

 
Bone Marrow toxicity 

• Mostly anemia and leukopenia 
 

Cutaneous toxicity 
• palmo-plantar erythrodysesthesia 

 

Other toxicities 
• Cardiotoxicity, hemorrhage, infections 

 

Nephrotoxicity 



Hoesly FJ, et al. Arch Dermatol 2011;147:1418-23. 





Squirt Ecteinascidia turbinata Japanese marine sponge Halichondria okadai 

• Trabectedin blocks DNA binding of the oncogenic transcription factor 
FUS-CHOP, thus promoting differentiation and reversing oncogenic 
phenotype, at least in myxoid liposarcoma 

• Other than transcriptional interference, the mechanism of action of 
trabectedin is complex and not completely understood 

• It also binds and alkylates DNA at the N2 position of guanine, 
generating DNA double-strand breaks 

• Eribulin acts by inhibiting the dynamics of the microtubules; it binds to the 
plus ends of the microtubules and suppresses the microtubule growth in the 
interphase, without affecting the shortening phase, and sequesters tubulin 
into nonproductive aggregates, leading to G2/M cell-cycle block and 
ultimately apoptosis after prolonged mitotic blockage 

• Its mechanism is distinct from other microtubule inhibitors like vinca 
alkaloids and taxanes, which affect both the shortening and growing phases  



Trabectedin 

Myelotoxicity 

Hepatotoxicity 

Eribulin 

Myelotoxicity 

Hepatotoxicity 

Peripheral neuropathy 

Renal impairment 
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