	Adverse effects of Chemotherapy



	· Chemotherapy employs systemically administered drugs that directly damage cellular DNA (and RNA). 
· It kills cells by promoting apoptosis and sometimes frank necrosis.
·  There is a narrow therapeutic window between effective treatment of the cancer and normal tissue toxicity, because the drugs are not cancer specific (unlike some of the biological agents), and the increased proliferation in cancers is not much greater than in normal tissues. 
· The dose and schedule of the chemotherapy is limited by the normal tissue tolerance, especially in those more proliferative tissues of the bone marrow and gastrointestinal tract mucosa. 
· All tissues can be affected, however, depending upon the pharmacokinetics of the drug and affinity for particular tissues (e.g. heavy metal compounds for kidneys and nerves). 


	· The therapeutic effect on the cancer is achieved by a variety of mechanisms , most of the drugs have been derived in the past by empirical testing of many different compounds, e.g. alkylating agents, the new molecular biology is leading to targeting of particular genetic defects in the cancer. 


	· Toxicity to normal tissue can be limited by supplying growth factors such as granulocyte colony-stimulating factor (G-CSF) or by the infusion of stem cell preparations to diminish myelotoxicity. 
· The use of more specific biological agents with relatively weak pro-apoptotic effects in combination with the general cytotoxics will also improve the therapeutic ratio.
 


	· Most tumors rapidly develop resistance to single agents given on their own. 
For this reason the principle of intermittent combination chemotherapy was developed. 
Several drugs are combined together, chosen on the basis of differing mechanisms of action and non-overlapping toxicities. 
These drugs are given over a period of a few days followed by a rest of a few weeks, during which time the normal tissues have the opportunity for regrowth. 
If the normal tissues are more proficient at DNA repair than the cancer cells, it may be possible to deplete the tumor while allowing the restoration of normal tissues between chemotherapy cycles. 
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	· With a chemosensitive tumour, relatively small increases in dose may have a large effect on tumour cell kill. 



	Classification of cytotoxic drugs 
Table 9-8. Chemotherapy: some cytotoxic drugs

DNA damaging
Free radicals - alkylators, e.g. cyclophosphamide

DNA cross-linking - platinum, e.g. cisplatin, carboplatin, oxaliplatin

Antimetabolites
Thymidine synthesis, e.g. 5-fluorouracil, methotrexate, cytarabine and mercaptopurine

DNA repair inhibitors
Topoisomerase inhibitors - epipodophyllotoxins, e.g. etoposide; campothecins, e.g. irinotecan

DNA intercalation - anthracyclines, e.g. doxorubicin

Antitubulin
Tubulin binding - alkaloids, e.g. vincristine, vinorelbine

Taxanes - e.g. paclitaxel, docetaxel

 


	DNA damaging 


	Alkylating agents 


	· Alkylating agents act by covalently binding alkyl groups, and their major effect is to cross-link DNA strands, interfering with DNA synthesis and causing strand breaks. 
· Melphalan is one of the original nitrogen mustards and is used in multiple myeloma. 
· Chlorambucil is used in Hodgkin's lymphoma and chronic lymphocytic leukaemia. 
· cyclophosphamide and ifosfamide, as well as the nitrosoureas, carmustine (BCNU) lomustine (CCNU) and busulfan used in chronic myeloid leukaemia. 
· Tetrazines also alkylate DNA; dacarbazine is used in malignant melanoma and temozolomide in malignant gliomas.
 


	Platinum compounds 


	· Cisplatin, carboplatin and oxaliplatin cause interstrand cross-links of DNA and are often regarded as non-classical alkylating agents. 
· They have transformed the treatment of testicular cancer and have a major role against many other tumours, including lung, ovarian and head and neck cancer. 
· Toxicity, as for other heavy metals, includes renal and peripheral nerve damage. 



	Antimetabolites 


	· Antimetabolites are usually structural analogues of naturally occurring metabolites that interfere with normal synthesis of nucleic acids by falsely substituting purines and pyrimidines in metabolic pathways. 
· Antimetabolites can be divided into: 

· Folic acid antagonist, e.g. methotrexate. This is structurally very similar to folic acid and binds preferentially to dihydrofolate reductase, the enzyme responsible for the conversion of folic acid to folinic acid. It is used widely in the treatment of solid tumours and haematological malignancies. Folinic acid is often given to 'rescue' normal tissues from the effects of methotrexate. 

· Pyrimidine antagonists. 5-Fluorouracil (5-FU) consists of a uracil molecule with a substituted fluorine atom. It acts by blocking the enzyme thymidylate synthase, which is essential for pyrimidine synthesis. 5-Fluorouracil has a major role in the treatment of solid tumours, particularly gastrointestinal cancers. Capecitabine is metabolized to 5-FU, and is useful in colorectal cancer. Tegafur with uracil is used with calcium folinate in metastatic colorectal cancer. 

· Arabinosides inhibit DNA synthesis by inhibiting DNA polymerase. Cytosine arabinoside (cytarabine) is used almost exclusively in the treatment of acute myeloid leukaemia where it remains the backbone of therapy, while its analogue gemcitabine is proving useful in a number of solid cancers such as lung and ovary. Fludarabine is used in the treatment of B cell chronic lymphocytic leukaemia; it is also used in reduced intensity stem cell transplantation  because of its immunosuppressive effect. 

· Purine antagonists, e.g. 6-mercaptopurine and 6-tioguanine, which are both used almost exclusively in the treatment of acute leukaemia. 


	DNA repair inhibitors 


	Epipodophyllotoxins 


	These are semisynthetic derivatives of podophyllotoxin, which is an extract from the mandrake plant. Etoposide is a drug used in a wide range of cancers and works by maintaining DNA strand breaks by acting on the enzyme topoisomerase II. Topoisomerase I inhibitors such as irinotecan and topotecan have also proved active against a variety of solid tumours. Both these enzymes allow unwinding and uncoiling of supercoiled DNA. 


	Cytotoxic antibiotics 


	These drugs such as doxorubicin and bleomycin act by intercalating adjoining nucleotide pairs on the same strand of DNA and by inhibiting DNA repair. They have a wide spectrum of activity in haematological and solid tumours. Doxorubicin is one of the most widely used of all cytotoxic drugs but has cumulative toxicity to the myocardium, while bleomycin has particular toxicity for the lungs. Pegylated liposomal doxorubicin is used as second-line treatment for advanced ovarian cancer with reduction of cardiotoxicity, but infusion reactions occur. 


	Antitubulin agents 


	Vinca alkaloids 


	Drugs such as vincristine, vinblastine and vinorelbine act by binding to tubulin and inhibiting microtubule formation. They are used in the treatment of haematological and non-haematological cancers. They are associated with neurotoxicity due to their anti-microtubule effect and must never be given intrathecally. 


	Taxanes 


	Paclitaxel is isolated from the bark of the western yew. Docetaxel is a semisynthetic taxane. They bind to tubulin dimers and prevent their assembly into microtubules. They are active drugs against many cancers such as ovarian, breast and lung cancer. Taxanes can cause neurotoxicity and hypersensitivity reactions and patients should be premedicated with steroids, H1 and H2 histamine antagonists prior to treatment. 


	


	


	Table 9-10. Some chemotherapy regimens


	Hodgkin's lymphoma
	ABVD
	Doxorubicin, bleomycin, vinblastine, dacarbazine

	
	BEACOPP
	Bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, prednisolone

	Non-Hodgkin's lymphoma
	CHOP
	Cyclophosphamide, hydroxy-doxorubicin, vincristine, prednisolone

	Breast
	CMF
	Cyclophosphamide, methotrexate, 5-fluorouracil

	
	AC
	Doxorubicin, cyclophosphamide

	
	MM
	Mitoxantrone, methotrexate

	Lung
	PE
	Cisplatin, etoposide

	
	MIC
	Mitomycin, ifosfamide, cisplatin

	Stomach
	ECF
	Epirubicin, cisplatin, 5-fluorouracil


	Side-effects of chemotherapy 



	· Chemotherapy carries many potentially serious side-effects and should be used only by trained practitioners. 
· The four most common side-effects are vomiting, hair loss, tiredness and myelosuppression.
·  Side-effects are much more directly dose related than anticancer effects and it has been the practice to give drugs at doses close to their maximum tolerated dose, although this is not always necessary to achieve their maximum anticancer effect. 
· Common combination chemotherapeutic regimens are shown in. 



	Table 9-9. Side-effects of chemotherapy


	Common

	Nausea and vomiting

	Hair loss

	Myelosuppression

	Mucositis

	Fatigue

	Drug-specific

	Cardiotoxicity, e.g. anthracyclines

	Pulmonary toxicity, e.g. bleomycin

	Neurotoxicity, e.g. cisplatinum, vinca alkaloids, taxanes

	Nephrotoxicity, e.g. cisplatinum

	Skin plantar-palmar dermatitis, e.g. 5-fluorouracil

	Sterility, e.g. alkylating agents

	Secondary malignancy, e.g. alkylating agents, epipodophyllotoxins


	


· The most frequent adverse effects of cytotoxic chemotherapy are:

Immediate effects:

– Nausea and vomiting (e.g. cisplatin,cyclophosphamide);

– Drug extravasation (e.g. vinca alkaloids,anthracyclines, e.g. doxorubicin).

Delayed effects:

– Bone marrow suppression – all drugs;

– Infection;

– Alopecia;

– Drug-specific organ toxicities (e.g. skin and Pulmonary – bleomycin; cardiotoxicity – doxorubicin);

– Psychiatric-cognitive morbidity;

– Teratogenesis.

Late effects:

– Gonadal failure/dysfunction;

– Leukaemogenesis/myelodysplasia;

– Development of secondary cancer.

	Nausea and vomiting 



	· The severity of this common side-effect varies with the cytotoxic and it can be eliminated in 75% of patients by using modern antiemetics.
·  Nausea and vomiting are particular problems with platinum analogues and with doxorubicin. 
· A stepped policy with antiemetics such as metoclopramide and domperidone or 5-HT3 serotonin antagonists (e.g. ondansetron, granisetron) combined with dexamethasone should be used to match the emetogenic potential of the chemotherapy. 
· Aprepitant, a neurokinin receptor antagonist is helpful in preventing acute and delayed nausea and vomiting associated with cisplatin-based chemotherapy. It is used with dexamethasone and a 5-HT3 antagonist. 

Hair loss 


	· Many but not all cytotoxic drugs are capable of causing hair loss.
·  Scalp cooling can sometimes be used to reduce hair loss but in general this side-effect can only be avoided by selection of drugs where this is possible. 
· Hair always regrows on completion of chemotherapy. 


	Bone marrow suppression and immunosuppression 


	· Suppression of the production of red blood cells, white blood cells and platelets occurs with most cytotoxic drugs and is a dose-related phenomenon. 
· Severely myelosuppressive chemotherapy may be required if treatment is to be given with curative intent despite the potential for rare but fatal infection or bleeding. 
· Anaemia and thrombocytopenia are managed by erythropoetin or red cell or platelet transfusions. 


	· Neutropenic patients are at high risk of bacterial and fungal infection, often from enteric bowel flora. 
· Those with a fever > 37°C and less than 0.5 × 109 neutrophils/L are managed by the immediate introduction of broad-spectrum antibiotics intravenously for the treatment of infection (Box 9.3). 
· Initial empirical therapy should be reviewed following microbiological results. 
· Haemopoietic growth factors and peripheral blood stem cells can reduce the duration of neutropenia significantly, benefiting patients at high risk of infectious complications. 


	


	Box 9.3 Febrile neutropenia treatment


	· Resuscitation with intravenous fluids to restore circulatory function, e.g. urine output, followed by cultures of blood, urine, sputum and stool and empirical antibiotics: 

· Commonly used antibiotics should include activity against pseudomonas, e.g. ceftazidime or ticarcillin with gentamicin 

· May require antibiotics against Staph. aureus especially with indwelling venous access lines, e.g. flucloxacillin or vancomycin. 

· If the patient deteriorates clinically and/or temperature still elevated after 48 hours, change antibiotics according to culture results or empirically increase Gram-negative and Gram-positive cover. 

· Consider adding treatment for opportunistic infections if fever not responding to broad-spectrum antibiotics, e.g. amphotericin B liposomal amphotericin B or voriconazole (latter two are very expensive) or caspofungin - fungus high-dose co-trimoxazole - pneumocystis clarithromycin - mycoplasma. 


	


	Mucositis

· This common side-effect of chemotherapy reflects the sensitivity of the mucosa to antimitotic agents. 
· It causes severe pain and problems with swallowing. 
· Treatment is with antiseptic and anticandidal mouthwash and, if severe, fluid and antibiotic support, as the mouth is a portal for entry of enteric organisms. 
· A recent study has shown a keratinocyte growth factor to be helpful (palifermin). 


	Cardiotoxicity 


	· This is a rare side-effect of chemotherapy, usually associated with anthracyclines such as doxorubicin. 
· It is dose-related and can largely be prevented by restricting the cumulative total dose of anthracyclines within the safe range (equivalent to 450 mg/m2 body surface area cumulative doxorubicin dose). 


	Neurotoxicity 


	· This occurs predominantly with the plant alkaloids, vinca, taxanes and platinum analogues (but not carboplatin).
·  It is dose-related and cumulative. 
· Chemotherapy is usually stopped before the development of a significant polyneuropathy, which once established is only partially reversible.

· Vincristine must never be given intrathecally as the neurological damage is progressive and fatal. 


	Nephrotoxicity 


	· Cisplatin (but not oxaliplatin or carboplatin), methotrexate and ifosfamide can potentially cause renal damage. 
· This can usually be prevented by maintaining an adequate diuresis during treatment. 


	Sterility 


	· Some anticancer drugs, particularly alkylating agents, may cause sterility, which may be irreversible. 
· In males the storage of sperm prior to chemotherapy should be offered to the patient when chemotherapy is given with curative intent. 
· In females it may be possible to collect oocytes to be fertilized in vitro and cryopreserved as embryos. 
· Cryopreservation of ovarian tissue and retrieval of viable oocytes for subsequent fertilization is still experimental. 


	Secondary malignancies 


	· Anticancer drugs have mutagenic potential and the development of secondary malignancies, predominantly acute leukaemia, is an uncommon but particularly unwelcome long-term side-effect in patients otherwise cured of their primary malignancies. 
· The alkylating agents and epipodophyllotoxins are particularly implicated in this complication. 


	Drug resistance 


	·  Some tumours have an inherently low level of resistance to currently available treatment and are often cured. 
· These include gonadal germ cell tumours, Hodgkin's lymphoma and childhood acute leukaemia. 
· Solid tumours such as small-cell lung cancer initially appear to be chemosensitive, with the majority of patients responding, but most patients eventually relapse with resistant disease. 
· In other tumours such as melanoma the disease is largely chemoresistant from the start. 


	· Resistance to cytotoxic drugs is often multiple and is then known as multidrug resistance (MDR), e.g. resistance to doxorubicin is often associated with resistance to vinca alkaloids and epipodophyllotoxins, 



	High-dose therapy 


	· Most anticancer drugs have a sigmoid dose-response relationship which suggests that, up to a point, a higher dose of a cytotoxic drug will induce a greater response. 
· However, increasing cytotoxic drug doses is often not possible, owing to toxicity. 
· For many chemotherapeutic agents the toxicity which limits the dose is bone marrow failure, and infusion of stem cells is necessary to restore the lymphohaemopoietic system. 


