
Lecture 33, 34 and 35 Summary – Anti-Cancer therapies and Resistance 

Overview  surgery, radiotherapy, chemotherapy, hormone therapies, targeted therapies, immunotherapy. 

Goals of cancer treatment: 

- Curative goal  eradication of tumour cells 

▪ Adjuvant  applied after surgery 

▪ Neo-adjuvant  applied before surgery 

- Palliative goal  alleviation of symptoms (pain for eg.) and improvement of patient wellbeing.  

Cancer Surgery 

- Began in the 18th C  surgeon suggested that surgery might cure cancer if the tumour had not 

invaded the surrounding tissues – “if the tumour is moveable, there is no impropriety in removing it”. 

- Became largely used in the 19th C, after introduction of antiseptics  

- Applied to solid tumours 

- Limitations: the presence of local tumour infiltration or distant metastasis (likely that not all cells will 

be removed).  

Cancer Radiotherapy 

- Use of high energy radiation (from X-rays or gamma-rays) to kill cancer cells 

- Marie Curie  introduced it in the early 20th C 

- Causes massive DNA damages and therefore apoptosis of tumour cells 

- Treatment with ionizing radiation has been recognised as a valuable modality in cancer treatment  

- Used in complement to surgery, local treatment 

- Limitations: tumour cell resistance to radiations and destruction of normal cells/tissues, local 

infiltration and distant metastasis (can’t irradiate the entire body). 

Cancer Chemotherapy 

- Treating a disease with a chemical compound 

- First tested in the 40s with “nitrogen mustard” – for lymphoma and leukaemia 

▪ Mustard gas that was developed by German chemists in WWI  burning effect on skin and 

lung leading to death after serious suffering.  

▪ Later discovered that this chemical led to a decrease in the no. of white and red blood cells  

therefore tested on leukaemia patients.  

- Systemic treatment used in complement to surgery and radiotherapy 

- Constantly improved 

- Limitations: tumour cell resistance and general toxicity (side effects such as anaemia, digestive 

problems – vomiting and diarrhoea – hair loss). It is unselective (kills any proliferating cells) 

- Categories of chemotherapeutic drugs  general effect if to damage DNA or halt cell cycle 

progression, therefore, initiating tumour cell death – apoptosis. 

1. Alkylating agents – covalently bind to and modify the DNA eg. Platinum  replication can’t occur 

properly.  

• Contain chemical groups that can form covalent bonds in DNA 

• Most are bi-functional – 2 alkylating groups – cause intra and inter chain cross linking in the DNA. 

• Cis-platinum – derived from mustard gas is an example. 

• Interfere with and impair DNA replication and transcription  leading to cell death (paused in the S-

phase of cell cycle, therefore, the cell will eventually die) 

2. Antimetabolites – inhibit metabolism mainly nucleic acid synthesis eg. 5-fluro-uracil.  Need nucleic 

acids in order to replicate. 

• Folic acid analogs  eg. Methotrexate, blocks DHRF and prevents the formation of THF 

(tetrahydrofolate) needed for synthesis of DNA and RNA nucleotides. 

• Purine analogs  

• Pyrimidine analogs  eg. 5-fluorouracil (5-FU), blocks the synthesis of thymidine required for DNA 

synthesis. 

 



3. Plant alkaloids – spindle poison or inhibitors of topoisomerase eg. Taxol  mitosis won’t occur. 3 main 

classes: 

• Colchicine  derived from autumn crocus, anti-mitotic agent (but not used to treat cancer) 

• Vinca alkaloids  amines produced by the hallucinogenic plant Catharanthus roseus – vincristine, 

vinblastine, vindesine, vinorelbine  

▪ Adds to the forming end of the microtubule to terminate assembly  depolymerisation of the 

microtubules occur (blocks microtubule extension) 

▪ Cytoskeleton is disturbed and cells can’t divide, therefore, they die.  

▪ Since cancer cells divide more they are more sensitive to these drugs than normal cells.  

• Taxanes  alkaloid esters derived from western European yew trees, paclitaxel (taxol) and 

docetaxel. 

▪ Alter normal equilibrium between soluble tubulin heterodimers and microtubules.  

▪ Stabilises MTs in the absence of GTP  depolarisation of MTs is unable to occur, no division 

and therefore cancer cell death. 

• All act by disturbing microtubule cytoskeleton, blocking mitosis  therefore leading to the death of 

proliferative cells.  

• Podophyllotoxins  semi-synthetic derivatives are used as anti-cancer agents eg. Etoposide, 

teniposide.  

▪ Inhibit topoisomerase II  cuts both strands of the DNA helix simultaneously to deal with DAN 

tangles and supercoils.  

▪ Block proliferative cells (cancer cells) in the late S-G2 phase of cell cycle.  

4. Anti-tumour antibiotics – inhibit transcription (topoisomerase for eg.) or translation eg. Anthracylins  

don’t target the DNA, they target cell physiology, cancer cells very sensitive to inhibition because they 

need to transcribe and translate at a very high rate. 

• Daunorubicin, Doxorubicin, Epirubicin, Idarubicin  

• Act as intercalants and topoisomerase inhibitors (go between base pairs in the DNA) 

• Used to treat many cancer eg. Leukaemia, lymphoma, breast, uterine, ovarian and lung.  

- There are 22 anti-cancer drugs which account for 95% of all prescriptions in chemotherapy. 

- Chemotherapeutics can be used independently, in combination or sequentially to increase efficacy, 

minimise resistance and reduce toxicity.  

- Act on many different levels 

- Must work within a therapeutic window 

▪ Anti-cancer effect must be achieved while keeping 

normal tissue damage to a minimum/acceptable 

level.  

▪ Any given dose of a cytotoxic drug will only kill a 

percentage of the total number of cells as a 

consequence of the use of the therapeutic window.  

▪ This is why repeat doses and courses are needed.  

Cancer Hormone Therapies (Endocrine Therapies) 

- Can only be applied to hormone dependent cancers 

- Some organs are sensitive to certain hormones, tumour cells here can retain this hormone 

sensitivity eg. Prostate, breast, ovarian and endothelial.  

- Inhibiting hormones can decrease cancer cell growth and survival  

- Suppress hormones eg. Glucocorticoids, estrogens, androgens, their secretion or antagonise their 

action.  

- Limitations: there are hormone independent forms of normally hormone sensitive cancers eg. 

Estrogen receptor negative breast tumours. 

- Examples 

▪ Breast cancer  

• Antagonist of oestrogen receptor – tamoxifen (binds to oestrogen receptors, doesn’t 

activate the receptors but oestrogen can’t bind and activate receptors either). 

• Aromatase inhibitors (enzyme producing oestrogen) – letrozole (inhibits the enzyme, no 

oestrogen is made, no receptor activation, hormone dependent cells die).  



▪ Prostate cancer 

• 5-reductase inhibitors  enzyme that converts testosterone to dihydrotestosterone (active 

in prostate cells) – used to treat benign prostatic hyperplasia (precancerous) eg. 

Dutasredine.  

• Anti-androgens  antagonist of the androgen receptor eg. Flutamite – therefore, no 

receptor activation.  

• Triptorelin  decapeptide acting as GnRH antagonist (prevents synthesis and release of 

testosterone).  

Cancer Targeted Therapies 

- Target specific pathways that are “drivers” of cancer  effective drugs with low toxicity eg. Drugs 

targeting receptor tyrosine kinases (RTKs).  

- Antibodies and small molecules are the two types of drugs used.  

- Therapeutic monoclonal antibodies  block dimerization or ligand binding – no downstream 

signalling, no proliferation.  

▪ Several RTKs are overexpressed in cancer eg. C-kit.  

• mAbs can inhibit pathway activation by blocking dimerization 

• mAbs can interfere with ligand binding.  

▪ Eg. Herceptin  humanised murine mAb that binds to Her2/Neu. 

• Used in breast cancer 

• Very expensive to develop  $20,000 AUD for 1 

years treatment.  

• Doesn’t replace chemotherapy, usually used 

during recovery (after chemo/radio/surgery) to 

target the remaining cells.  

• Only effective in the right setting  HER2 

overexpressing patients (10-20%) 

• Can cause significant cardiomyopathy esp. when 

combined with chemo (this is because HER2 

receptors are highly expressed in the heart) 

• Strong effect, can be dangerous. 

• Some resistance in HER2+ patients  about 50% 

don’t respond to treatment. 

▪ There are several therapeutic strategies that have 

been developed using mAbs to block EGRF signalling 

 therefore if one drug doesn’t work – move on to 

another.  

▪ Been developed for use in many cancer types such as: 

non-Hodgkin’s lymphoma, metastatic breast cancer, 

acute myeloid leukaemia, B-cell chronic lymphocytic 

leukaemia, metastatic colorectal cancer, head and 

neck cancer. 

- Small molecules  

▪ Imatinib 

• Inhibits BCR/Abl kinase activity 

• Activity against c-kit RTK 

• Also active against PDGFR 

• In chronic myeloid leukaemia (CML), the Abl gene becomes activated by fusion to the 

BCR region  protein product = BCR-Abl, lost normal regulatory sequences and is active. 

• Imatinib inhibits the BCR-Abl protein from transferring phosphates to its substrates, this 

blocks downstream signalling pathways that are normally upregulated in CML (because of 

BCR-Abl activation)  decreases cancer cell proliferation and induces apoptosis. 

• Can also be effective against c-kit and PDGFR 

▪ C-kit = proto-oncogene activated by mutation in many human cancers  AML, GIST 

(gastro-intestinal stromal tumours), melanoma.  



- Small molecules and mAbs have been developed against the same targets eg. EGFR  can be 

used in EGFR overexpressing cancers. Small molecules usually 2nd line treatments.  

Immunotherapies 

- Undergoing advanced clinical trials  

- Chimeric antigen receptor (CAR) T cell therapy 

▪ For use in lymphoma and leukaemia so far. 

- Leukaemia  

▪ Immune cells can destroy cancer cells eg. T-cells and macrophages 

▪ They need to express certain receptors to do this, can bind to cancer cells and destroy them.  

▪ Amplification of modified T-cells (grown in a lab) and then inserted into patient to boost cancer 

cell destruction by T-cells.  

- Lymphoma  

▪ Reprogram T-cells to bind to Cd19 receptor which will kill B-lymphoma cells.  

- Very expensive  $475,000 per patient.  

 

Therapy resistance in Cancer 

- About 50% of patients who die from cancer have resistance to therapies.  

- Occurs for all types of therapies and in all types of tumours 

- Can be primary or acquired (after treatment) 

- Can be compared to the resistance of bacteria to antibiotics  

- Can be conceptualised for the stochastic theory of 

cancer or the stem cell theory.  

- Effected by (drugs need to overcome all these 

things to have a good clinical response) 

▪ Drug excretion/metabolism 

▪ Inactivation, survival signals, growth signals, 

repair 

▪ Tumour growth and/or inhibition of apoptosis  

 

 



Multi-drug resistance;  

- ABC transporters or P-glycoprotein  lead to anti-cancer drug efflux.  

▪ ABC transporters  naturally occurring pumps that efflux substrates out of the cell 

▪ MDR1 protein and P-glycoprotein best known  actively transport small lipophilic compounds 

such as certain chemotherapeutic drugs. 

• Substrates include anti-tumour antibiotics and plant alkaloids 

• Acquired resistance of cancer cells to these agents is associated with increased 

expression of ABC transporters. 

• Many inhibitors have been developed to block MDR activity (block efflux  allow the drug 

entry into the cell for use). 

Eg. BCR-Abl mutations give rise to Imatinib resistance in CML 

- 40 different point mutations have been identified 

- More mutations  increased imatinib resistance 

- Resistance occurs because mutations lock the kinase in an active conformation (active all the time – 

therefore, active signalling) OR affect drug binding to amino acid residues (drug can’t bind, it can’t 

work).  

Targeting oncogenic kinases  we are trying to stay one step ahead of cancer cell resistance – have 

backup treatments to avoid mutation resistance from cancer cells.  

** The current trend in developing anti-cancer therapies is to move toward personalised treatments 

(targeted therapies – precision medicine) 

1 patient = 1 gene profile/protein expression  1 set of specific drugs to be used at a given time. 

 

 


