
Pharmacology & Therapeutics  Chemotherapy VI: Principles of Cancer Treatment 
April 10, 2018  Kenneth C. Micetich, M.D. 

 1 

 CHEMOTHERAPY VI: 
PRINCIPLES OF CANCER TREATMENT 

 
1.  GENERAL PRINCIPLES OF TREATMENT. 
 

a)  Establish the diagnosis:  Biopsy (cytology, excisional, incisional).  There is no test 
short of a biopsy that can establish the diagnosis although the diagnosis may be strongly 
suspected prior to the definitive biopsy (see appendix 1).  The pathology report may also include 
information that is predictive of a response or non-response to a particular chemotherapy drug. 
 
 b)  Determine the stage:  The stage of a cancer is a uniform system that physicians use 
which indicates extent of disease at the time of diagnosis.  Commonly used staging tests are 
physical examination, blood tests and imaging modalities such as x-rays and CT scans. 
 
T-primary tumor (size, depth of penetration into the wall of an organ) 
N-number of regional nodes involved 
M-presence or absence of metastatic disease 
 
TNM classification and stage of the cancer (1,2,3,4). 
 
 c)  Determine the prognosis and treatment:  Stage determines prognosis and treatment.  
In general: 
 
   1)  cancer confined to the organ of origin 

2) cancer confined to the organ of origin with spread to the regional 
draining lymph nodes 

   3)  metastatic disease 
 
Cancers localized to the organ of origin are treated with local therapies:  surgery/radiation 
therapy.   
 
The prognosis as a function of stage: 
 
Localized disease>local-regional disease>disseminated disease 
 
Cancers which are metastatic at the time of diagnosis or cancers associated with a high chance of 
having micrometastases (high recurrence rate after the removal of the primary tumor) require a 
systemic, blood-borne therapy. 
 
 d)  Educate the patient about the prognosis and the treatment. 
 

e)  Clearly define the goals of any therapy (curative/palliative) and clearly define the 
expectation of benefit for the patient and indicate how the patient will monitored 
and disease response assessed.  Use regimens that have been published in the 



Pharmacology & Therapeutics  Chemotherapy VI: Principles of Cancer Treatment 
April 10, 2018  Kenneth C. Micetich, M.D. 

 2 

literature and are accepted by the oncology community.  Have a plan for monitoring 
response. 

 
f)  Evaluate the patient to make certain that the patient can tolerate the potential 
side effects of any treatment. 
 

2.  CHEMOTHERAPY 
Chemotherapy (a systemic therapy) are drugs given orally or parenterally in an attempt to control 
or to eradicate a malignant process. 
 
 Chemotherapy is given to patients  
 
  (a) who have had a cancer removed but who are believed to be at risk of having 
micrometastatic disease (adjuvant chemotherapy);   
 
  (b) with curative or palliative intent who have clinically apparent metastatic 
(advanced, metastatic) disease;   
 
                        (c)  to achieve cytoreduction prior to surgery (neoadjuvant chemotherapy). 
 
 

TOLERANCE OF CHEMOTHERAPY 
 

• Patient performance status (0-5):  
• 0-fully active 
• 1-Restricted in physically strenuous activity but ambulatory and able to  

carry out work of a light or sedentary nature, e.g., light house work, office work  
• 2-Ambulatory and capable of all selfcare but unable to carry out any work 

activities. Up and about more than 50% of waking hours  
• 3-Capable of only limited selfcare, confined to bed or chair more than 50% of 

waking hours 
• 4-Completely disabled. Cannot carry on any selfcare. Totally confined to bed or 

chair 
• 5-Death   

• End organ function 
• Requires knowledge of efficacy of treatments, drugs to be used, known side effects and 

pharmacology 
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3.  LOG KILL HYPOTHESIS 
 
The killing of cancer cells by the chemotherapy drugs follows first order kinetics.  The same 
fraction of cancer cells is killed with each administration of chemotherapy.   
 
Thus, in order to achieve a cure with chemotherapy, multiple courses of chemotherapy will have 
to be given. 
___________________________________________________________ 
Hypothetical example:  Assume no resistant cells and a fractional cell kill of 99 % (two log cell 
kill) with each administration of chemotherapy and assume an initial tumor burden to 1 X 1012 
cells. 
 
Table 1.  Hypothetical example 
 
CELL NUMBER (Before each cycle) CELL NUMBER (After each cycle) 
       1012        1010 
       1010        108 
       108        106 
       106        104 
       104        102 
       102        100 
 
Note that tumor regrowth in between cycles of chemotherapy may occur. 
 
 
4.  SINGLE AGENT VS. COMBINATION CHEMOTHERAPY 

 
•   The treatment of cancers with single drugs was unable to produce significant remissions or 
cures. 
 
•   Combination chemotherapy or the treatment of cancers with two or more agents was able to 
produce significant remissions or cures. 
 
•   Drug combinations are more effective than single agents because: 
 

•  they provide maximal cell kill within the range of toxicity tolerated by the host 
for each drug (fractional cell kill or log cell kill is increased in combinations 
compared to single agents); 

 
•  combining drugs with different mechanisms of action provides a broader range 
of coverage of de novo resistant cell lines.  This is very important:  Our ability to 
cure cancers is due to chemoresistant cancer cells.  

 
 
5.  HOW TO CREATE A COMBINATION? 
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RULES 
 

(1)  Drugs chosen for the combination should possess activity against the disease when utilized 
as a single agent (determined from phase II studies). 
 
(2)  The drugs chosen should have non-overlapping toxicities (except for hair loss and 
myelosuppression, nausea and vomiting. 
 
(3)  Combine drugs with different mechanisms of action. 
 
(4)  Combine cell cycle specific and cell cycle non-specific drugs. 
 
(5)  Drugs should be given in an optimal dose and an optimal schedule.  A dose response 
relationship exists between response rate and dose of chemotherapy administered. 
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                        Dose of Chemotherapy 
 

Figure 1.  Dose response curve to chemotherapy 
Original citation not available.  K. Micetich, M.D. 

 
 

The dose response curve also provides the rationale for high dose intensive therapy (bone 
marrow transplantation. 
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6.  ADJUVANT CHEMOTHERAPY 

 
Table 1.  Breast Cancer stage (post surgical) and 10 Year Survival. 
 

Breast Cancer Stage 10 year Survival 
T1N0M0 (Stage 1) 82 % 
T1N1M0 (Stage 2)  40 % 
Metastatic disease (M +) (stage 4) <20 % 
 
Table 2.  Lung Cancer Stage (post surgical) and 5 Year Survival. 
 

Lung Cancer Stage 5 year Survival 
T1N0M0  (Stage 1) 60 % 
T1N1M0  (Stage 2) 30 % 
Metastatic disease (M +) (stage 4) 0  % 
 
For discussion: 
 
 
a)  How is it possible that a patient can have a cancer removed as in the stage 1 and stage 2 
breast and lung cancers presented in the above table, and develop metastatic disease at a later 
time? 
 
b)  Indicate how the Goldie-Coldman hypothesis supports the administration of chemotherapy to 
patients who have had a cancer removed but are at risk of recurrence at a later date. 
 
Adjuvant therapy after surgery is indicated in the following situations: 
 

1.  node positive and selected node negative breast cancers 
 2.  stomach cancer  
 3.  pancreas cancer 
 4.  selected patients with melanoma 
 5.  node positive colon and rectal cancers 
 6.  osteogenic sarcoma 
 7.  lung cancer 
 8.  testicular cancer 
 
 
7. CHEMOTHERAPY FOR METASTATIC DISEASE 

 
a) a particular regimen is chosen which has been shown to improve overall survival 
b) the patient has measureable or evaluable disease on imaging 
c) a certain number of cycles is given and then the patient is reimaged 
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a. stable disease, partial remission or complete remissioncontinue therapy for a 
certain number of cycles.  Patient must be able to tolerate the therapy. 

b. If progression of disease, then chemoresistance is present and the regimen is 
changed if appropriate 

d) At some point, the patient’s cancer becomes resistant to all the drugs and the patient gets 
progressively weaker and palliative, hospice care is appropriate. 

 
 
Useful information: 
 
www.cancer.gov -Official site of the National Cancer Institute.  Contains 
A wealth of information for all cancers (staging and treatment according to 
stage;  prevention and screening).  
 
www.adjuvantonline.com –this site helps health professionals and  
patients with early cancer discuss the risks and benefits of getting additional 
adjuvant therapy after surgery.  Computer program indicates the  
survival (overall and disease free) with and without adjuvant therapy for 
breast, lung and colon cancers.  
 
www.nccn.org:  National Comprehensive Cancer Network.  Practice  
guidelines for the treatment and care of the patient with cancer for 
most cancer sites.  
 
AJCC Cancer Staging Manual, 7th Edition, 2010  
 
 
7.  REVIEW QUESTIONS: 
 

1.  What is the stage of a cancer, how is it determined and what is its significance? 
 

2.  Why is treatment with combination chemotherapy more effective than chemotherapy 
with single agents? 

 
3.  List the rules for creating a combination chemotherapy regimen. 

 
4.  Define adjuvant chemotherapy. 

 
5.  Why is adjuvant therapy effective in some but not all patients? 

 
6.  Indicate which of the following are potentially chemocurable: 

 
  a)  Advanced stage Hodgkin's disease 
  b)  Advanced stage testicular cancer 
  c)  Advanced stage non Hodgkin's lymphoma (aggressive) 
  d)  Metastatic colon cancer 

http://www.cancer.gov/
http://www.adjuvantonline.com/
http://www.nccn.org/
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  e)  Metastatic breast cancer 
  f)  Some childhood leukemias 
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 APPENDIX 1. 
 
 

Pathology report of a patient with colon cancer. 
FINAL DIAGNOSIS 
A. COLON, RIGHT; RESECTION: (SPECIMEN A) 
-INVASIVE ADENOCARCINOMA, MODERATE TO POORLY DIFFERENTIATED (SIZE 
9.0 CM), 
TUMOR EXTENDS THROUGH THE MUSCULARIS PROPRIA INTO THE SUB-SEROSAL 
ADIPOSE TISSUE AND INVOLVES THE SEROSAL SURFACE 
-PERINEURAL AND PERIVASCULAR INVASION IS PRESENT 
-PROXIMAL AND DISTAL MARGINS NEGATIVE FOR CARCINOMA 
-TUMOR IMPLANT IS PRESENT LESS THAN 1MM FROM THE INKED MESENTERIC 
MARGIN 
-THIRTEEN OUT OF TWENTY-SEVEN LYMPH NODES POSITIVE FOR METASTATIC 
CARCINOMA 
(13/27) 
-SEE STAGING SUMMARY/COMMENT 
. 
B. SMALL BOWEL; RESECTION: (SPECIMEN B) 
-UNREMARKABLE SMALL BOWEL 
-NEGATIVE FOR CARCINOMA 
. 
C. PORTAL LYMPH NODE; EXCISION: (SPECIMEN C) 
-ONE LYMPH NODE, POSITIVE FOR METASTATIC CARCINOMA (1/1) 
. 
D. LIVER, RIGHT LOBE; PARTIAL LOBECTOMY: (SPECIMEN D) 
-POORLY DIFFERENTIATED ADENOCARCINOMA (SIZE 2.7 CM), CONSISTENT WITH 
METASTASES FROM A COLONIC PRIMARY 
-PARENCHYMAL RESECTION MARGIN NEGATIVE FOR CARCINOMA 
-CHRONIC HEPATITIS, GRADE 2 AND FIBROSIS, STAGE 2 
-EXTENSIVE STEATOSIS WITH FOCAL BALLOON CELL CHANGES, SUGGESTIVE OF 
STEATOHEPATITIS 
-SEE COMMENT 
 
 
Staging Summary / Comment 
SMALL BOWEL, COLORECTAL & ANAL CANCER STAGING SUMMARY 
 
Site..................................................................Right 
colon 
Size.................................................................9.0 X 4.0 
X 1.0 cm 
Histologic type.................................................Adenocarcinoma 
Mucin%.............................................<5% 
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Grade..............................................................Moderately 
to poorly differentiated 
Depth of invasion............................................Involves the 
serosal surface 
Adjacent organ involvement.............No 
Tumor at free serosal surface...........Present 
Tumor perforation.............................No 
Preexisting polyps...........................................Not seen 
Invasion of stalk................................N/A 
Lymphatic/Vascular invasion...........................Present 
Perineural invasion..........................................Present 
Lymphocytic infiltrate at advancing edge........Not seen 
Margins (Distance from tumor) 
Proximal...........................................Negative 
Distal................................................Negative 
Radial................................................Tumor implant is present 
less than 1mm from the mesenteric resection margin 
Other pathology..............................................N/A 
Regional lymph nodes (Metastasis/Total)......13/27 
Extranodal extension........................Present 
Level (adjacent to tumor vs. 
along vascular trunk).........Adjacent to tumor 
Apical lymph node.............................N/A 
Mesenteric tumor implants 
(largest size).....................Present (0.6cm) 
Ancillary 
studies...............................................Immunoperoxidase stains 
pTNM...............................................................pT4a, N2b, 
M1b 
 

Addendum Diagnosis 
Molecular Oncology 
KRAS and NRAS Mutation Analysis 
Body Site: Right Lobe of Liver 
 
RESULTS: wild-type gene. 
 
INTERPRETATION: 
No mutations were identified in the NRAS or KRAS genes. 
 
COMMENT: 
Mutations in the KRAS gene are reported to be associated with resistance to 
anti-EGFR monoclonal antibody therapies in patients with colorectal cancer. 
 
Pathology report for a patient with breast cancer: 
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FINAL DIAGNOSIS 
RIGHT AXILLARY SENTINEL LYMPH NODE #1, EXCISION: (SPECIMEN A) 
-ONE LYMPH NODE, NEGATIVE FOR CARCINOMA 
- RIGHT BREAST SEGMENT; NEEDLE LOCALIZATION LUMPECTOMY: (SPECIMEN 
B) 
-INFILTRATING CARCINOMA,PREDOMINANTLY LOBULAR WITH FOCAL DUCTAL 
FEATURES, GRADE II,MEASURING 0.8 CM 
DISTANCE TO MARGIN IS LESS THAN 0.1 CM (FINAL POSTERIOR MARGIN IS 
NEGATIVE IN SPECIMEN D) 
-ALL THE OTHER MARGINS ARE NEGATIVE FOR CARCINOMA 
 

Tumor markers on invasive carcinoma: 
ER: Positive, 100% (Allred score 8) 
PR: Positive, 100% (Allred score 8) 
HER-2/neu: Negative, 1+ by IHC (FISH test pending) 
Ki67: Favorable (less than 10%) 
 
Pathology report of another patient with colon cancer: 
 
RECTOSIGMOID COLON; LOW ANTERIOR RESECTION: (SPECIMEN C) 
-INVASIVE MODERATELY TO POORLY DIFFERENTIATED ADENOCARCINOMA, 3.2 
X 2.2 X 0.8 
CM, EXTENDING INTO PERICOLIC ADIPOSE TISSUE 
-SURGICAL RESECTION MARGINS ARE NEGATIVE 
-TWO OF THIRTEEN LYMPH NODES WITH METASTATIC ADENOCARCINOMA (2/13) 
 
 


