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CHEMOTHERAPY I: OVERVIEW 
 

 
1. TRANSFORMATION:  Change to the malignant phenotype.  Cancer is an 

accumulation of genetic alterations and is a multi-step process.  
 
2. CONTINUED CELL DIVISION: Continued cell division occurs until the cancer 

becomes clinically detectable.     
 
  a)  Phases of the cell cycle:  Go, G1, S, G2, M. 
  b)  Tumor stem cells 
 
3. SUBCLINICAL OR LATENT PHASE OF THE CANCER:  The subclinical or 

latent phase of the cancer is the time from the inception of a cancer (transformation of 
a single cell) to the time that the tumor becomes clinically detectable (one billion cells 
at least).  Estimates of the time required for a single cell to divide a sufficient number of 
times to yield one billion cells are on the order of years.  During this period, it is 
impossible to detect the cancer with any known test. 

 
 

 
 

 
Figure 1.  Hypothetical growth curve of a cancer.  The latent phase accounts for the majority of  time 
that the tumor is present.  The cancer cannot be detected during the latent  phase.
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4.   TUMOR CELL HETEROGENEITY.  Although the cancer cells look similar under 
the microscope,  the cells can be categorized with respect to a number of different 
characteristics.  When this is done, despite the amazing similarity under the microscope, the 
cancer cells from the same tumor are very different from one another.  This is tumor cell 
heterogeneity.   
 
The appropriate analogy is the different races and cultures present in the human species.  
Despite the fact that we are all human, we are all different from one another with respect to 
personality, aggressiveness, hair color and other physical characteristics.  Differences in 
personality and aggressiveness are not easy to measure and are not apparent at first glance.  In 
fact, these characteristics require special testing and measuring tools.  The same is true for 
cancer cells. 
 
 4a)  Growth fraction: dividing cells/total cell number. 
 
 4b)  Metastatic potential and metastatic process:  Cancers cannot be detected until 
there are about 1 billion cancer cells located in the same area.  The organ in which the cancer 
begins is termed the primary site of the cancer.  Stomach or gastric cancer refers to a cancer 
that begins in the stomach.  The diagnosis of breast cancer, lung cancer and kidney cancer, for 
example, means that the origin or the primary site of the cancer is breast, lung and kidney. 
 
If cancers always remained localized to the organ in which the process began, most cancers 
would be cured.  The problem is that cancer cells may and frequently do enter the blood stream 
and are transported by the blood stream to different organs.  If the right factors are present, 
these migratory cancer cells from the primary cancer can grow in the new host organ.  This 
process of spread is the metastatic process.  Thus, cancer of the stomach may spread to the 
lungs.  A patient in whom this has occurred has stomach cancer that has metastasized to the 
lungs.  The patient does not have lung cancer.  A patient with breast cancer whose disease has 
spread to the liver has metastatic breast cancer to the liver.  This patient does not have breast 
cancer and liver cancer.  The designation "liver cancer" means that the liver is the original site 
of the cancer. 
 
The metastatic process takes time and frequently occurs during the subclinical or latent phase 
of the cancer.  The steps in the metastatic process are (1) clonal evolution;  (2)  intravasation;  
(3) extravasation;  (4)  growth in the distant metastatic site. 
 
The stage of a cancer indicates the extent of disease at the time of diagnosis and 
determines prognosis and treatment.  The usual staging system is the TNM Classification.  
However, it is important to note that all staging systems reduce to three basic stages: 
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1.  Cancer localized to the organ of origin 
 2.  Cancer localized to the organ of origin with spread to the regional draining 
      lymph nodes 
 3.  Disseminated disease. 
 
The stage assesses the risk that the cancer may have undergone the metastatic process during 
the subclinical or latent period of growth. 
   
 4c)  Resistance to Chemotherapy:  
 

 
 

   Figure 2.  Goldi-Coldman Hypothesis 
 
Neoplastic cell resistance to chemotherapy occurs as a chance, spontaneous, event analogous to 
resistance of bacteria to antibiotics. 
 
5.  CHEMOTHERAPY:  Chemotherapy drugs are developed, designed and selected to kill 
mammalian cells.  Chemotherapy are drugs given to a patient with a malignant process.  The 
goal is to reduce the total body cancer burden by killing cancer cells.  If the process is 
completely eradicated (all cancer cells sensitive to chemotherapy), the patient will be cured.  If 
the reduction in the total body cancer burden is incomplete (some of the cells were resistant to 
the chemotherapy) then the life of the patient may be prolonged. 
 
It is not possible to target the antineoplastic drug only to the cancer cell.  Thus, the drug is 
taken up by both the cancer cell and the normal cells.  The effect of the drug on the normal 
cells is responsible for the TOXICITY or the side effects of the drug.  The mechanism of 
action of the drug responsible for the lethal effect on the neoplastic cell (CYTOTOXICITY) 
may or may not be responsible for side effects of the drug since most drugs may affect more 
than one macromolecular target. 
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5a)  Resistance to chemotherapy:  Malignant cell resistance to chemotherapy accounts 
for the failure of chemotherapy to completely eradicate a malignant process. 

 

The ability of chemotherapy to cure cancer is inversely proportional to the tumor burden 
(Skipper Hypothesis). 
 
Chemocurable cancers never develop resistance to chemotherapy.  Examples are disseminated 
testicular cancer, some lymphomas, some leukemia's and Hodgkin's disease.   
 
Chemoresistance can develop at any time during the natural history of a cancer. 
 

5b)  Cell cycle specific and cell cycle non-specific drugs:  Some chemotherapy drugs 
have an effect in only one part of the cell cycle.  These agents are called cell cycle 
specific (CCS).  Some chemotherapy drugs can act against a cancer cell at any point in 
the cell cycle.  These agents are called cell cycle non-specific (CCNS). 

 
 5c)  Assessment of response to chemotherapy:   
 
  Complete remission 
 
  Partial remission 
 
  Stable disease 
 
  Progression of disease 
 
 5d)  Drug development:   
 
  Preclinical testing 
 
  Phase I clinical trials 
 
  Phase II clinical trials 
 
  Phase III clinical trials  
 

5e)  Scheduling:  Effective cancer treatments require the repeated cyclical 
administration of drug or drugs (this will be discussed during a later lecture).  The 
schedule of chemotherapy refers to the dose of drug (generally determined as the 
mg/M2 of body surface area, provides consistent toxicity across weights and heights), 
the route of administration (oral, subcutaneous, intravenous, intrathecal, intraperitoneal, 
intraarterial, etc.), and the length of a treatment cycle.  Most chemotherapy drugs are 
given intravenously.  Some treatments call for a daily infusion of drug for 5 days.  Still 
others require three days of drug.  Some drugs are given as a continuous intravenous 
infusion over 24 to 96 hours.  Lastly, chemotherapy is usually repeated at 21 to 28 day 
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intervals in order to allow the patient to recover from the side effects of the drug 
treatment.  Sometimes the cytotoxicity of the drug (the efficacy of cancer cell kill) 
depends critically on the schedule of drug administration.  This is termed schedule 
dependent cytotoxicity.  In some cases the types of side effects the patient experiences 
is dependent upon the schedule.  This is termed schedule dependent toxicity. 
 
 

 
6.  TOXICITY OF CHEMOTHERAPY: 
 

 
 6a)  Constitutional toxicities:   
 
   Nausea and vomiting   
    Dexamethasone (side effects:  elevated sugars, feeling of excess 
energy, flushing) 
    Prochlorperazine (extrapyramidal side effects) 
    Lorazepam 
    5-HT3 receptor antagonists (ondansetron, granisetron) 
Side effects:  QT prolongation occurs in a dose-dependent manner. Cases of Torsade de Pointes 
have been reported. Avoid ondansetron in patients with congenital long QT syndrome.  
Constipation in about 9 % of patients.  Headache and diarrhea can also occur. 
     Neurokinin 1 receptor antagonist in area postrema (aprepitant): 
very effective in acute and delayed nausea and vomiting for highly emetogenic chemotherapy 
regimens. 
 
   Loss of appetite 
 
   Fatigue 
   
 6b)   Toxicities due to effect of chemotherapy on normal dividing cells:  
 

(a)  transient myelosuppression [temporary depression of the blood cell counts 
resulting  from killing of bone marrow precursor cells];   

 
  (b)  temporary hair loss;   
 

(c)  transient gastrointestinal toxicity [mucositis or sore mouth, or diarrhea] due 
to an effect of the drug on the normal dividing cells of the oral and small 
intestinal mucosa; 
________________________________________________________________ 
Stomatitis supportive care:   

 
Palliative care with mouth rinse:   

• Diphenhydramine  
• Maalox/Mylanta 
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• Viscous Lidocaine  
• ± Glucocorticoids (Prednisone) 

 
May also require treatment for oral fungal infection 

• Nystatin oral suspension swish and swallow 
 

Frequently requires narcotic pain medication 
 
Self-limiting 
 
Consider effect on oral intake (fluids and caloric)   

 
  Enteritis Supportive Care: 
 

Maintain hydration 
 
Antidiarrheal agents after infectious etiology excluded including c. diff diarrhea 
(assay for c.diff toxin) 

• Loperamide (imodium) 
• Diphenoxylate and atropine (lomotil) after infectious etiology excluded 

 
Octreotide (IV or subcu) in severe cases 

 
(d)  sterility (which may be permanent) due to the effect of the drug on the 
dividing germ cell epithelium;   

 
(e)  second neoplasms due to the mutagenic effect of the drug on normal cells. 

 
The above listed potential toxicities tend to be common to all drugs (see 6a and 6b).  
Exceptions will be noted.  There is a great deal of individual patient variability with respect to 
the type of toxicity and the severity of the toxicity that he/she develops.    
 
With the exception of nausea and vomiting which develop within hours of giving the anticancer 
drug, the toxicities are not acute in onset.  The hair loss begins to occur two to three weeks 
after the first administration of drug.  Myelosuppression is not noted until about 10 to 14 days 
following drug administration.  Sore mouth and diarrhea, if they are to occur, are not usually 
noted until about 1 week following the treatment with chemotherapy. 
 
 
 

6c) Organ specific toxicities. 
 
   cardiac toxicity of the anthracyclines  
   
   pulmonary toxicity of bleomycin 
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   nephrotoxicity of cis-DDP).  
 
 6d) Myelosuppression:  Myelosuppression is an important and potentially life 
threatening toxicity.  Also for most drugs (exceptions will be noted) myelosuppression is the 
dose limiting toxicity.  Dose limiting toxicity is that side effect which limits the amount of drug 
that can be given.  Therefore, it is important to understand the side effect of myelosuppression. 
 
The blood is composed of red blood cells which carry oxygen, the platelets which prevent 
bleeding and the white cells which combat infection.  The class of white blood cells most 
responsible for fighting bacterial infections is the polymorphonuclear leukocyte or the 
segmented neutrophil (PMN, seg).  "Bands" which are immature forms of the PMN are also 
important.  At the time of administration of the chemotherapy, the bone marrow stops 
production of the three cellular elements to varying degrees in individuals.  The red blood cell 
count is usually affected only minimally  and severe anemia requiring transfusions as a result of 
administration of an anticancer drug is unusual.  The platelets and the total white blood cell 
count and the PMN and band count generally fall 10 to 14 days following the administration of 
drug. 
 
The fall in platelets and the white blood cell count (WBC) is not acute.  This is because the 
effect of the chemotherapy is not on the formed elements of the blood but on the precursor cells 
in the bone marrow which are dividing.  Thus, when chemotherapy is given, the production of 
the precursor cells of the platelets and the white blood cells is temporarily halted.  However, 
the platelets and the PMN in the blood are not affected.  So, after an anticancer drug is given, 
for about 1 week there is a decrease in the production of PMN and platelets and as the mature 
elements of the blood are removed from the circulation, there are no cells in the bone marrow 
ready to replace them.  The bone marrow is back to normal about the third week following the 
administration of the chemotherapy.  Thus, the blood counts usually recover between days 21 
and 28 following the administration of chemotherapy. 
 
Erythropoietin stimulating agents (ESAs) are commercially available (Epoetin alfa, darbepoetin 
alfa).  The use of these agents does decrease the frequency of blood transfusions.  These agents 
are approved for use in myelodysplastic syndromes and end stage renal disease.  However, 
there is concern that the use of these agents to maintain hemoglobin levels in patients with 
cancer may be deleterious to survival and their use should be avoided. 
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The cyclical fall and rise in the total white blood cell count and the PMN and band count is 
shown in figure 3.  Refer to example below.  Drug is administered on day 1.  The chart shows 
the total white blood cell count and the ANC (the absolute neutrophil count determined by 
the following formula: 
 
ANC= total white count X (fraction of PMN + fraction of bands). 
 
The ANC is an important number.  If the ANC falls to less than 500 the patient is at increased 
risk of infection from endogenous bacteria.  When the WBC count falls, these bacteria are no 
longer held in check and bacteremia may occur.  Any patient who develops a fever >38.5oC 
and who has an ANC <500 must be hospitalized and started on broad spectrum antibiotics 
immediately until the ANC recovers to >500. 
 
Myeloid Growth Factors:  Filgrastim (daily subcutaneous injections) or peg-filgrastim (every 
three to four week administration) can be administered 24 hours after chemotherapy 
administration.  These agents shorten the duration of neutropenia.  They do not prevent 
neutropenia.    
 
The platelets may also fall 10-14 days following the administration of an anticancer drug (See 
figure 4). The PMN count is usually affected more than the platelet count.  If the platelet count 
falls to <10,000 platelet transfusions are usually given to maintain a platelet count of  
> 10,000.  The platelet count recovers between days 21 and 28.   
 
Megakaryocyte Growth Factors:  Interluekin-11 (oprelvekin).  Can decrease the frequency of 
platelet transfusions after chemotherapy.  Major side effects include fluid retention and atrial 
arrhythmias.  Not used often in the supportive care of the cancer patient due to expense and 
toxicity.   
 
 
EXAMPLE:  The patient was a 65 year old white female receiving doxorubicin (60 mg/M2) and 
vincristine (1.4 mg/M2) intravenously every three weeks.   
 
She is 68 inches tall and weighs 160 pounds.  From a nomogram, her BSA (body surface area) is 
determined to be 1.86 M2. 
 
Therefore her dose of doxorubicin is 111.6 mg and that of vincristine is 2.6 mg.  The chemotherapy was 
administered and weekly blood counts were obtained. 
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 Day 1 Day 8 Day 15 Day 22 Day 29 
WBC 7800 7500 2500 4000 6800 
Segs 0.6 0.65 0.25 0.4 0.7 
Bands 0.05 0.05 0 0.1 0.03 
ANC 5070 5250 625 2000 4964 
Lymphs 0.3 0.2 0.6 0.3 0.2 
Monos 0.02 0.02 0 0 0.01 
Baso 0.03 0.04 0 0 0.01 
Eos 0 0.04 0 0 0.01 
Hemoglobin 13.5 13.2 11.5 10.8 11.3 
Hematocrit 0.42 0.41 0.35 0.31 0.35 
Platelets 207000 198000 100000 125000 210000 

 

 
 

Figure 3.  White cell and absolute neutrophil count as a function of time after  
                               chemotherapy

Original citation not 
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Figure 4.  Platelet count as a function of time after chemotherapy 
 
 
 
 6e)  Cumulative toxicity:  There is another type of toxicity associated with 
chemotherapy.  This is called cumulative toxicity.   This type of toxicity is seen with some 
drugs which damage a particular organ a small amount with each administration of drug.  The 
damage is irreversible.  With each drug administration the damage accumulates until at some 
point the organ cannot function properly because too much of it has been damaged.  Examples 
of this type of toxicity are the cardiac toxicity related to anthracycline administration and the 
pulmonary toxicity associated with Bleomycin. 
 
 
VESICANTS:  Some chemotherapy drugs are vesicants. 
 

• Vesicant: A substance that causes tissue blistering. A blister agent. Also called a 
vesicatory. Vesicants are highly reactive chemicals that combine with proteins, 
DNA, and other cellular components to result in cellular changes immediately 
after exposure.  

• Examples:  vincristine, vinblastine, doxorubicin and danunorubicin  

Original citation not 
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7.  REVIEW QUESTIONS: 
 
1.  A patient had a left hemicolectomy 3 years ago for a cancer of the sigmoid colon.  At the 
time of surgery she was found to have had cancer spread to the regional draining lymph node 
and the cancer was removed.  At the time of the surgery the liver was found to be free of 
cancer.  She now presents to the clinic with weight loss, anorexia and jaundice.   Physical 
examination reveals a jaundiced female with a liver span of 20 cm.  The liver was nodular and 
non-tender.  A CT scan of the liver shows multiple space occupying lesions in the liver.  A 
needle biopsy of one of the lesions reveals poorly differentiated adenocarcinoma.  Comparison 
of the pathology of the liver biopsy with that of the original colon primary cancer shows that 
the cells are morphologically similar. 
 

a)  Does this patient have liver cancer or colon cancer that has metastasized to the liver?  
Explain. 

 
b)  The patient is angry with your answer in (a).  She states emphatically that the 
surgeon said that he had removed all of the tumor.  At the time of surgery 3 years ago, 
did this patient have cancer in the liver?  If so, how could it not have been detected?   
How is it that a cancer can return at a later date even if all the cancer is removed? 

 
2.  A patient has metastatic breast cancer to the liver and the bones and the left anterior chest 
wall.  The left anterior chest wall lesion measures 5 X 4 cm.  Chemotherapy is given and the 
lesion shrinks to 3 X 2 cm and then undergoes no further decrease in size despite the continued 
administration of chemotherapy.  Explain why the cancer initially decreased in size and then 
underwent no further resolution despite continued chemotherapy administration. 
 
3.  A patient is going to undergo chemotherapy.  Describe the general side effects that he or she 
may expect. 
 
4.  Patient A has metastatic testicular cancer.  He has 2 pulmonary metastases each less than 2 
cm in size and no palpable abdominal masses.  Patient B has 2 pulmonary metastases each 
greater than 4 cm in size and a 6 cm palpable abdominal metastatic mass.  Both are treated with 
the same chemotherapy.  Which patient has the higher cure rate with chemotherapy?  Why?  
(hint:  consider which patient is likely to have the higher tumor burden and relate this to the 
Goldie Coldman hypothesis and the Skipper hypothesis). 
 
5.  Consider that two patients each have a cancer that began on January 1, 1995 and were 
discovered as 3 cm pulmonary masses on January 1, 1998.  Both undergo surgical removal of 
the cancers. 
 
Patient A has a squamous cell lung cancer that is well-differentiated, shows no necrosis and 
rare mitoses.   
 
Patient B has a squamous cell lung cancer that is poorly differentiated, shows necrosis and 
many mitoses. 
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a)  Which patient is more likely to be cured with surgery?  Why? 
 

b)  Which patient is more likely to have developed chemoresistant clones of cells?  
Why? 

 
(hint:  consider the significance of necrosis and the comparative number of cell 
divisions needed in patient A and B to produce a 3 cm cancer and relate this to the 
concept of tumor cell heterogeneity). 

 
6.  Discuss what is meant by the stage of a cancer.  What is its significance? 
 
7.  A patient receives chemotherapy on day 1.  On day 15 he calls you and reports a fever of 
39.5 o C. and shaking chills.  What do you think is happening and what do you advise? 
 
 


