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CHEMOTHERAPY IV: ANTI-METABOLITES 
 
 
1.  OVERVIEW:  The antimetabolites are structural analogs of naturally occurring metabolites.  
Therefore, they can substitute for the naturally occurring metabolites in biochemical pathways 
and cause cessation of synthesis-usually of nucleic acids.  The antimetabolites are cell cycle 
specific (acting during the S-phase). 
 
2.  ANTIMETABOLITES 

 
a)  Methotrexate 

 
a)  Name, class:  Methotrexate, antimetabolite, antifolate.   
b)  Cycle specificity:  CCS (S phase). 
c)  Macromolecular target:  Dihydrofolate reductase.  
d)  Bioactivation if necessary:  None.  
e) Mechanism of action (cytotoxicity):   Methotrexate enters the cell via a specific folate carrier 
protein and MTX binds reversibly to DHFR.   
 
MTX and folic acid are polyglutamated by folylpolyglutamate synthetase.  The polyglutamated 
forms are retained within cancer cells producing increased inhibitory effects on enzymes 
involved in purine synthesis and thymidylate synthesis.   
 
Upon cell exposure to MTX, dihydrofolate accumulates and tetrahydrofolate declines.  
Tetrahydrofolates serve as one carbon donors in the synthesis of purine rings.   
 
Tetrahydrofolate (leucovorin, citrovorum factor) is the product of the blocked reaction.  
Tetrahydrofolate can rescue the cell, neoplastic or normal, from the cytotoxicity of MTX. 
 
Selectivity of leucovorin rescue may depend on the extent of polyglutamation of MTX in normal 
and malignant cells.  Bone marrow cells and intestinal epithelial cells do not form appreciable 
levels of MTX-polyglutamate and leucovorin can “Rescue” these cells. 
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Figure 1.  A comparison of folic acid and methotrexate.  Original citation not available.  K. Micetich, M.D. 
 
 

 
 
Figure 2.  The mechanism of action of methotrexate.  Original citation not available.  K. Micetich, M.D. 

 
f)  Pharmacokinetics and metabolism:  The drug is yellow in solution.   It is metabolized in the 
body and excreted in the urine.   



Pharmacology & Therapeutics  Chemotherapy IV: Anti-Metabolites 
April 24, 2013  Kenneth C. Micetich, M.D. 

 3

 
Characteristics of MTX have profound clinical impact and these are listed below: 
 

CHARACTERISTIC CLINICAL IMPLICATION 

1.  Protein bound Co-administered drugs which displace 
MTX from albumin binding sites may 
potentiate toxicity (Aspirin, sulfonamides, 
penicillins). 

2.  Volume of distribution is total body 
water 

MTX gains access to third space 
accumulations of fluid and will slowly 
leak out and cause a prolonged tail of 
excretion:  ascites and pleural effusions 
are relative contraindications to the drug. 

3.  MTX is filtered, secreted and 
reabsorbed by the kidney. 

Use with caution in patients with impaired 
renal function. 

4.  MTX is excreted by the kidney as the 
salt of a weak acid. 

Aspirin, penicillins are also excreted in 
this way.  Therefore, these drugs will 
interfere with urinary excretion of MTX.  
Probenecid blocks the organic acid 
transport system and will also interfere 
with excretion. 

5.  MTX solubility markedly increases in 
alkaline pH.  Solubility at pH=5 is 0.39 
mg/ml; pH=6 is 1.55 mg/ml and at pH=7 
is 9.04 mg/ml. 

Alkalinize excretion to promote excretion. 
 
 
 

6.  Penetrates the central nervous system 
(CNS) when given in high doses. 

High intravenous doses may provide 
protection to CNS against spread to 
tumor. 

   
 
g)  Side effects (toxicity):  Mild nausea and vomiting, stomatitis, myelosuppression is dose 
limiting.   
h)   Special features and dose modifications:   
 
(1) the drug is approved for intrathecal administration and is used to treat carcinomatous or 

lymphomatous meningitis. 
 

(2) The dose of drug must be reduced in the presence of renal insufficiency 
 
(3) High dose methotrexate (1-10 gm/M2) with leucovorin rescue. 

 
a. Intravenous hydration with sodium bicarbonate to alkalinize urine 
b. Check urine pH each void.  Do not administer methotrexate unless  

pH >=7. 
c. Administer methotrexate intravenously. 
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d. Variable time period later begin intravenous or oral leucovorin administration 
e. Monitor methotrexate levels.   
f. Stop rescue when methotrexate level is < 5 X 10-7 M at 48 hours  

 
Potential success requires neoplastic cell sensitivity to having DNA synthesis turned off. 
 
Tetrahydrofolate is the rescue.  If cells have poly-glutamated MTX, leucovorin probably will not 
rescue.  Bone marrow cells and gastrointestinal epithelial cells do not form polyglutamates.  
Therefore, bone marrow and GI epithelium is rescued. 
 
Toxicity of high dose therapy is NOT myelosuppression.  The following may occur:  stomatitis, 
enteritis, conjunctivitis, renal failure and rarely, hepatic failure. 
 
i)   Uses:  Breast cancer, leukemia, lymphoma, brain tumors, rheumatoid arthritis, and psoriasis.  
The use of methotrexate to treat female choriocarcinoma is the first time that a cancer was cured 
using chemotherapy. 
Other compounds in this class:  Antifolate:  pemetrexed.  This drug is classified as antifolate 
since it disrupts folate dependent metabolic processes.  The drug is transported into the cell via a 
folate carrier and is polyglutamated.  It inhibits thymidylate synthesis.  The drug is useful in the 
treatment of lung cancer and mesothelioma.  Myelosuppression is dose limiting.  Also noted is 
rash, stomatitis and diarrhea.  Hand-foot syndrome may occur.  Pretreatment with parenteral 
vitamin B-12 and oral folic acid decreases the extent of myelosuppression. 
 

b)  Pyrimidine antagonist:  Cytarabine (cytosine arabinoside). 
 

a)  Name, class:  Cytarabine, antimetabolite. 
b)  Cycle specificity:  CSS (S phase). 
c)  Macromolecular target:  DNA.  
d)  Bioactivation if necessary:  Successive phosphorylation via kinases to the triphosphate. 
e)  Mechanism of action (cytotoxicity):   Cytosine arabinoside is taken up in the cell via a 
carrier mediated nucleoside transport mechanism and converted to the triphosphate via kinases.  
The ARA-CTP triphosphate is the main cytotoxic metabolite.  Ara-CTP inhibits DNA 
polymerase.  Ara-CTP is incorporated into DNA and inhibits template function and chain 
elongation.  The cytotoxicity is related to the duration of exposure of the cell to Ara-C (cytosine 
arabinoside).  Specifically, the retention of Ara-CTP at 4 hours is predictive of cancer cell kill. 
 
f)  Pharmacokinetics and metabolism:   The initial half-life of cytosine arabinoside is 7-20 
minutes and the terminal half-life is about 2 hours.  Since there is an S phase specificity and 
since the half-life is short, the drug exhibits schedule dependent cytotoxicity. 
 
The drug is metabolized by a ubiquitous deaminase. 
 
g)  Side effects (toxicity):  Nausea and vomiting, hair loss, hepatic toxicity, stomatitis, and 
myelosuppression (dose limiting). 
h)   Special features and dose modifications:   
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(1)  the drug is approved for intrathecal use for the treatment of carcinomatous or lymphomatous 
meningitis. 
 
(2)  HIDAC (high dose ara-c) therapy:  cytarabine (2-3 gm./M2) intravenously every 12 hours 
for 6 to 12 doses.  Toxicity is myelosuppression and cerebellar toxicity and conjunctivitis 
(steroid eye drops help prevent chemo conjunctivitis). 
i)   Uses:  Cytarabine is used exclusively in the treatment of acute leukemia.  It is used in the 3 + 
7 inducation regimen:  an anthracycline administered intravenously for 3 days and a continuous 
intravenous infusion of cytarabine (100-200 mg/M2/day) for 7 days.  The continuous infusion 
takes advantage of the schedule dependent cytotoxicitiy of this drug.  
j)  Other compounds in this class:  gemcitabine.  Mechanism of action similar to cytosine 
arabinoside.  Myelosuppression is dose limiting.  Useful in the palliative treatment of cancer of 
the pancreas and lung cancer.   
 
 

c) Fluorinated pyrimidine:  5-Fluorouracil 
 

a)  Name, class:  5-fluorouracil, antimetabolite. 
b)  Cycle specificity:  CCS (S-phase). 
c)  Macromolecular target:  Thymidylate synthetase, RNA and DNA. 
d) Bioactivation if necessary:  Successive phosphorylation to the triphosphate and metabolism 
to FdUMP.  
e)  Mechanism of action (cytotoxicity):  (1)  Production of FdUMP which inhibits thymidylate 
synthetase.  Tetrahydrofolate + FdUMP binds tightly to thymidylate synthetase and decreases the 
production of thymine nucleotides (thymineless death).  (2)  Sequential phosphorylation and 
incorporation into the RNA and DNA.  

 

Metabolism and bioactivation of 5-FU.  Original citation not available.  K. Micetich, M.D. 
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f)  Pharmacokinetics and metabolism:  Extensively metabolized by the liver.   
g) Side effects (toxicity):  Standard doses: rash, stomatitis and diarrhea and mild 
myelosuppression.  Hyperpigmentation of the skin occurs and there is an increased sensitivity to 
sunlight.  Chest pain (due to coronary artery vasospasm) and cerebellar ataxia rarely occur.  
Excess lacrimation.  Hand foot syndrome. 
h)   Special features and dose modifications: 
 
(1) some feel that the efficacy of the drug is better when given as an infusion (short half-life and 

cell-cycle specific) rather than as bolus administration (rapid intravenous push).   
 

(2) 5-FU is frequently given concomitantly with radiation therapy as a radiation sensitizer. 
 
(3) 5-FU plus leucovorin is better than 5-FU alone.  The response rates are better but stomatitis 

and diarrhea are worse.  Leucovorin potentiates the cytotoxicity of 5-FU.  
 

(4) Initial metabolism requires dihydropyrimidine dehydrogenase (DPD).  3-5 % of the 
population is deficient (autosomal recessive inheritance).  Severe toxicity results when these 
patients are treated with 5-FU. 

 
(5) There are several schedules of administration in use.  There are differing toxicity profiles 

depending on the schedule of administration. 
  
i)   Uses:  Breast cancer, head and neck cancer, gastrointestinal cancers.   
j)  Other compounds in this class:  Capecitabine.  Prodrug of 5-FU.  Metabolized in the liver 
by carboxylesterase to an intermediate, then converted by  cytadine deaminase to 5’deoxy-5-
fluorouradine.  This is then hydrolyzed by thymidine phosphorylase to fluorouracil in the tumor.  
Tumor cells have higher concentrations then normal cells of thymidine phosphrylase.  This is an 
oral chemotherapy drug.  Useful in gastrointestinal tract malignancies and breast cancer.  Side 
effects include:  rash, hand foot syndrome, diarrhea.  Myelsuppression can occur as well.    
Capecitabine can replace intravenous 5-FU infusions. 
 

d)   Purine antagonist:  6-mercaptopurine. 
 

a)  Name, class:  6-mercaptopurine, antimetabolite. 
b)  Cycle specificity:  CSS (S phase). 
c)  Macromolecular target:  Enzyme inhibition and incorporation into RNA and DNA  
d)  Bioactivation if necessary:  Metabolized by hypoxanthine-guanine phophoribosyl 
transferase to form 6-thioinosinic acid.   
e)  Mechanism of action (cytotoxicity):  6-thioinosinic acid inhibits enzymes of de novo purine 
nucleotide synthesis.   
f)  Pharmacokinetics and metabolism:   6-mecaptopurine is metabolized to inactive 6-thiouric 
acid by the enzyme xanthine oxidase. 
g)  Side effects (toxicity):  myelosuppression (dose limiting). 
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h)   Special features and dose modifications:  The dose of this drug must be reduced 50-75 % 
when given with allopurinol. 
i)   Uses:  Childhood acute leukemia 
j)  Other compounds in this class:  6-thioguanine.  6-thioguanine undergoes a deamination 
during its metabolism and there is no interaction with xanthine oxidase.  6-thioguanine can be 
used at full doses with allopurinol. 
 
 

3.  REVIEW QUESTIONS: 
1.  Discuss the activation of and the mechanism of action of 5-FU and cytarabine. 

 
2.  Leucovorin is the rescue for methotrexate but potentiates the cytotoxicity and toxicity 
of 5-FU.  Explain the mechanisms of rescue of methotrexate and the potentiation of 5-FU 
by leucovorin. 

 
3.  When 6-mercaptopurine is administered to a patient who is on allopurinol, should the 
dose of 6-mercaptopurine be modified?  Why or why not. 

 
4.  100 mg/M2/day of cytosine arabinoside given as a 24 hour continuous intravenous 
infusion in the 3 + 7 regimen is better than cytosine arabinoside given as a rapid bolus 
injection in the same regimen.  Why?  What is this an example of? 

 
5.  A 42 year old male is receiving treatment for Lymphoma with high dose methotrexate.  
The intern administers 5 grams of methotrexate over 6 hours and sends the patient home.  
The attending insists that the patient be readmitted and tells the intern to give the rescue 
intravenously.  The intern writes for the patient to receive 50 mg of folic acid 
intravenously every 6 hours for 8 doses.  Is this correct?  What is wrong? 

 
6.  Polyglutamation of methotrexate decreases the ability of leucovorin to rescue any cell 
from the cytotoxicity of methotrexate.  Why?   

 
7.   Indicate why each of the following is a contraindication to administration of 
methotrexate: 

 
  a)  pleural effusion or ascites; 
 
  b)  renal failure; 
 
  c)  concomitant treatment with the uricosuric agent, probenecid. 
 

8.  Name two chemotherapeutic agents approved for intrathecal administration. 
 

9.  Why is alkalinization of the urine important in the implementation of  the high dose 
methotrexate with rescue strategy? 


