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1.
A 14-year-old female being treated for acute lymphoblastic leukemia with chemotherapy includes a phase of treatment using vincristine, prednisone, l-asparaginase, methotrexate, thioguanine and mercaptopurine. The patient is found to have an elevated uric acid and is started on allopurinol. 

The most appropriate dose modification for this patient’s chemotherapy would be

a. Increase the dose of prednisone by 75%.

b. Withhold l-asparaginase until the uric acid normalizes.

c. Decrease the dose of 6-thioguanine by 75%.

d. Administer 25% of the 6-mercaptopurine dose.

2.
A 16-year-old male is undergoing treatment for an osteosarcoma of his distal left femur. Chemotherapy includes cisplatin, doxorubicin, and high dose methotrexate.

Which laboratory finding would be an absolute contraindication to administering a course of high dose methotrexate?

a. A serum bilirubin of 2.2 mg/dL

b. A serum creatinine of 2.4 mg/dL

c. A serum AST more than 2.5 times the upper limit of normal

d. A platelet count of 65,000/mm3.

3.
An 8-year-old child is being treated with oral methotrexate and 6-mercaptopurine as a component of maintenance chemotherapy, 

Which laboratory test provides the best guide for adjusting the doses of his maintenance chemotherapy?

a. A complete blood count with differential

b. The red blood cell concentration of methylated metabolites of 6-mercaptopurine

c. The red blood cell concentration of thioguanine nucleotides

d. The red blood cell thiopurine methyltransferase (TPMT) activity 

4.
An 11-year-old male is to receive the combination of methotrexate and l-asparaginase as a component of therapy for his acute myeloid leukemia. What is the most appropriate sequence to administer these two medications?

a. L-asparaginase followed 24 hours later by methotrexate

b. L-asparaginase administered immediately prior to methotrexate

c. Methotrexate followed by L-asparaginase 24 hours later 

d. Methotrexate followed by L-asparaginase 10 days later

5.
A 16-year-old female is undergoing induction therapy for acute promyelocytic leukemia. On the 8th day of therapy, she complains of shortness of breath and is found to have an arterial oxygen saturation of 92%. Physical exam is also notable for a 2.5 kg weight gain.

The most critical next step in the management of this patient is

a. Administer a course of dexamethasone

b. Withhold the cytarabine until the pulmonary symptoms abate

c. Begin therapy aimed at improving cardiac output

d. Start a course of hydroxyurea.

6.
A 15-year-old male is undergoing treatment of a localized Ewing’s sarcoma of the left tibia. On the third day of a planned 5-day course of etoposide and ifosfamide, the nurse reports that the patient’s urine is strongly positive for ketones on urinary dipstick.

The most appropriate next step in the management of this patient would be

a. Increase the intravenous hydration.

b. Increase the amount of sodium bicarbonate in the intravenous fluids.

c. Withhold the ifosfamide for the remainder of the current course of chemotherapy.

d. Do not change therapy.

7.
A 22-month-old male is diagnosed with standard risk acute lymphoblastic leukemia. As part of this treatment, he will receive weekly doses of intrathecal methotrexate during consolidation therapy. The most appropriate method to dose his intrathecal methotrexate is to

a. dose based on his age

b. dose based on his body surface area

c. dose based on his weight

d. use a uniform dose applicable to all children

8.
An 8-year-old male with standard risk acute lymphoblastic leukemia rapidly develops pancytopenia following the start of oral methotrexate and mercaptopurine. His genotype for thiopurine methyltransferase is found to be TPMT 3A*/3C* (homozygous deficient). On analysis of an aliquot of the patient’s red blood cells, you would anticipate finding

a. Markedly elevated concentrations of methylated metabolites of mercaptopurine

b. Increased concentration of thioguanine nucleotides

c. Increased concentration of mercaptopurine nucleotides

d. Decreased concentrations of thiouric acid

9.
An 11-year-old female is being treated for acute myeloid leukemia. On the third day of a course of chemotherapy, she complains of photophobia and increasing eye pain. The drug most likely responsible for this patient’s symptoms is

a. Doxorubicin

b. Idarubicin

c. Etoposide

d. Cytarabine

10.
A 12-year-old male is being treated for high-risk acute lymphoblastic leukemia. Chemotherapy includes a 24 infusion of 5 gm/m2 of methotrexate over 24 hours, with leucovorin rescue starting at hour 36.  Following 16 hours of the planned 24-hour infusion, intravenous access is lost. A new IV line is successfully placed 8 hours later. The most appropriate management of this patient would then be to

a. not to administer the remainder of the methotrexate, but administer only 2/3 of the  planned leucovorin dose

b. complete the remaining 8 hours of methotrexate and start leucovorin 12 hours after that infusion ends

c. not to administer the remainder of the methotrexate, but administer leucovorin as planned starting at hour 36.

d. not to administer the remainder of the methotrexate, but start leucovorin 12 hours after the methotrexate actually ended
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1.
A 12-year-old male is being treated for relapsed rhabdomyosarcoma using a combination of once weekly vincristine and daily irinotecan for 5 consecutive days administered every 3 weeks. On the second day of his first course, the patient becomes diaphoretic, complains of abdominal cramping, and develops diarrhea during his irinotecan infusion. The most appropriate management of this patient would then be to

e. Administer loperamide until the diarrhea resolves

f. Discontinue vincristine

g. Withhold irinotecan, and resume at a 50% dose reduction once symptoms resolve

h. Administer atropine

2.
A 9-year-old female being treated for acute lymphoblastic leukemia with chemotherapy includes a phase of treatment using vincristine, prednisone, daunorubcin, l-asparaginase, methotrexate, and mercaptopurine. The patient is found to have an elevated uric acid and is started on allopurinol. 

The most appropriate dose modification for this patient’s chemotherapy would be

e. Increase the dose of prednisone by 75%.

f. Withhold l-asparaginase until the uric acid normalizes.

g. Decrease the dose of 6-mercaptopurine by 75%.

h. Decrease the daunorubicin dose by 50%.

3.
A 16-year-old male is undergoing treatment for an osteosarcoma of his distal left femur. Chemotherapy includes cisplatin, doxorubicin, and high dose methotrexate.

Which laboratory finding would be an absolute contraindication to administering a course of high dose methotrexate?

e. A serum bilirubin of 2.2 mg/dL

f. A serum creatinine of 2.9 mg/dL

g. A serum AST more than 5 times the upper limit of normal

h. A platelet count of 65,000/mm3.

4.
An 8-year-old child is being treated with oral methotrexate and 6-mercaptopurine as a component of maintenance chemotherapy, 

Which laboratory test provides the best guide for adjusting the doses of his maintenance chemotherapy?

e. A complete blood count with differential

f. The red blood cell concentration of methylated metabolites of 6-mercaptopurine

g. The red blood cell concentration of thioguanine nucleotides

h. The red blood cell thiopurine methyltransferase (TPMT) activity 

5.
An 14-year-old male is to receive the combination of methotrexate and l-asparaginase as a component of therapy for his acute leukemia. To facilitate administration of his chemotherapy, his physician prescribes the two medications to be administered on the same day in the outpatient clinic. The primary problem with this approach is:

e. L-asparaginase can cause precipitation of methotrexate within central venous catheters

f. IV methotrexate always requires urinary alkalinization and hydration for at least 24 hours in an inpatient setting

g. L-asparaginase should be administered approximately 24 hours following methotrexate, as it can abrogate the cytotoxic effects of the antifolate if administered prior to or concomitantly with methotrexate

h. Methotrexate should be followed by L-asparaginase 10 days later for greatest efficacy.

6.
A 16-year-old female is undergoing induction therapy for acute promyelocytic leukemia. On the 8th day of all-trans-retinoic acid therapy, she complains of shortness of breath and is found to have an arterial oxygen saturation of 92%. Physical exam is also notable for a 2.5 kg weight gain.

The most critical next step in the management of this patient is

e. Administer a course of dexamethasone

f. Withhold the cytarabine until the pulmonary symptoms abate

g. Begin therapy aimed at improving cardiac output

h. Start a course of hydroxyurea.

7.
A 15-year-old male is undergoing treatment of a localized Ewing’s sarcoma of the left tibia. On the third day of a planned 5-day course of etoposide, ifosfamide and mesna, the nurse reports that the patient’s urine is strongly positive for ketones on urinary dipstick.

The most appropriate next step in the management of this patient would be

e. Increase the intravenous hydration.

f. Increase the amount of sodium bicarbonate in the intravenous fluids.

g. Withhold the ifosfamide for the remainder of the current course of chemotherapy.

h. Do not change therapy.

8.
A 22-month-old male is diagnosed with standard risk acute lymphoblastic leukemia. As part of this treatment, he will receive weekly doses of intrathecal methotrexate during consolidation therapy. The most appropriate method to dose his intrathecal methotrexate is to

e. dose based on his age

f. dose based on his body surface area

g. dose based on his weight

h. use a uniform dose applicable to all children

9.
An 8-year-old male with standard risk acute lymphoblastic leukemia rapidly develops pancytopenia following the start of oral methotrexate and mercaptopurine. His genotype for thiopurine methyltransferase is found to be TPMT 3A*/3C* (homozygous deficient). On analysis of an aliquot of the patient’s red blood cells, you would anticipate finding

e. Markedly elevated concentrations of methylated metabolites of mercaptopurine

f. Increased concentration of thioguanine nucleotides

g. Increased concentration of mercaptopurine nucleotides

h. Decreased concentrations of thiouric acid

10.
An 11-year-old female is being treated for acute myeloid leukemia. On the third day of a course of chemotherapy, she complains of photophobia and increasing eye pain. The drug most likely responsible for this patient’s symptoms is

e. Doxorubicin

f. Idarubicin

g. Etoposide

h. Cytarabine
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Principles of Chemotherapy
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1.
A young investigator sets out to study whether an additional chemotherapeutic drug commonly used to treat childhood acute lymphoblastic leukemia might also be effective when administered intrathecally to children with meningeal leukemia. Of the drugs listed, which would offer the best prospect for anticancer activity when administered directly into the cerebrospinal fluid?


A.
Mercaptopurine


B.
Prednisone


C.
Cyclophosphamide


D.
Dacarbazine

Answer: A

Explanation: Prednisone, cyclophosphamide, and dacarbazine are all prodrugs that must be activated by hepatic enzymes. Administration of these prodrugs in their native inactive forms into the CSF would not produce the desired result. Mercaptopurine does not require hepatic activation; it is converted to the active thioguanine nucleotide form within the leukemic cell.

2.
A 2½-year-old male presents to the emergency room with a white blood cell count of 140,000/mm3 and is subsequently diagnosed with acute myeloid leukemia, FAB subtype M4. You review a research protocol that includes administration of an anthracycline with the child’s family. The parents are worried about the risk of cardiac toxicity, as the child’s brother required cardiac surgery to repair a hemodynamically significant atrial septal defect at 4 years of age. The best guidance to give the parents is:


A.
Although there is a risk of cardiotoxicity, young children are at significantly lower risk than older children for the development of anthracycline-induced cardiotoxicity.


B.
Due to the family history and young age, you recommend a dose reduction to minimize the risk of cardiotoxcity.


C.
To minimize the risk to the myocardium, you offer to administer the anthracycline into a peripheral vein as opposed to the central venous catheter, as the tip of the CVC resides in the right atrium


D.
Reassure the parents that the congenital heart problem of the patient’s brother will not place the patient at a heightened risk of cardiotoxicity relative to other children.

Answer: D

Explanation: Young children are at increased risk of anthracycline-induced cardiotoxicity. The anthracyclines, however, significantly improve the complete remission rate in children with high-risk leukemia. Administration of anthracyclines into a peripheral vein is associated with a risk drug extravasation that can lead to a significant burn.

3.
A 15-year-old male is undergoing treatment for a nonmetastatic osteosarcoma. He is admitted for a course of high-dose methotrexate. Routine laboratory evaluations are performed. The primary laboratory finding that places the child at high risk for developing severe methotrexate toxicity is


A.
A urine specific gravity of 1.007


B.
A urine pH of 7.8


C.
A serum AST of 340 IU/ml


D.
A serum creatinine of 2.1 g/dl 

Answer: D

Explanation: Ninety percent of methotrexate is cleared by the kidneys, and thus an elevated serum creatinine places the patient at increased risk of delay excretion and toxicity. An alkaline, dilute urine improves the solubility of methotrexate. Elevations in hepatic transaminases are common following administration of high-dose methotrexate, and moderate elevations are not a contra-indication to drug administration.

4.
A 12-year-old female is being treated for high-risk acute lymphoblastic leukemia and is scheduled to receive high-dose methotrexate followed by leucovorin rescue. All of the following are true about leucovorin EXCEPT:


A.
Leucovorin increases the renal clearance of methotrexate.


B.
Leucovorin and methotrexate are both transported into cells by the reduced folate carrier.


C.
Leucovorin should be administered no later than 42 hours after the start of the methotrexate infusion.


D.
If the patient develops methotrexate related neurotoxicity, leucovorin should not be administered intrathecally. 

Answer: A

Explanation: Leucovorin is a reduced folate but has no impact on methotrexate excretion. Rather, it rescues cells from MTX-induced cytotoxicity by entering the cells via the reduced folate carrier and bypassing the MTX-induced inhibition of dihyrofolate reductase (DHFR). Leucovorin should not be administered intrathecally as it can lower the seizure threshold.

5.
A 5-year-old child being treated for acute lymphoblastic leukemia is found to be heterozygous-deficient for the enzyme thiopurine methyl transferease (TPMT). Based on this finding, the best dosing guidance for administration of mercaptopurine would be to:


A.
Administer no more than 10% of the usual dose and observe closely for severe myelosuppression.


B.
Switch the child to thioguanine in place of mercaptopurine.


C.
Monitor red blood cell thioguanine nucleotides (TGNs) to avoid toxic concentrations.


D.
Consider a small dose reduction and base changes in mercaptopurine dose on the peripheral blood count.

Answer: D

Explanation: Only patients who are homozygous-deficient for TPMT require major dose reductions; usually no more than 15% of the usual dose of mercaptopurine is then administered. Although tolerance to 6MP is diminished in heterozygotes, overall the drug remains reasonably well tolerated and can be managed based on the peripheral blood counts.

6.
A 9-year-old child with neuroblastoma developed significant thrombocytopenia following administration of carboplatin. The child is again scheduled to receive carboplatin. You recommend that the carboplatin dose be individualized using a standard formula. Which of the following parameters is not required for carboplatin dose individualization:


A.
Body weight


B.
Glomerular filtration rate


C.
Target area under the concentration-time curve (AUC)


D.
Baseline neutrophil count 

Answer: D

Explanation: Carboplatin is cleared primarily by the kidneys. Thrombocytopenia is directly proportional to drug exposure as measured by the AUC. Thus body weight or surface area, GFR, and target AUC are all that is required for dose individualization.

7.
A 17-year-old male completed treatment for a nonmetastatic Ewing’s sarcoma of his fibula. Two years following completion of therapy, he presents with pancytopenia and fever. The drug most likely responsible for his presentation is:


A.
Trimethoprim/sulfamethoxazole


B.
Doxorubicin


C.
Etoposide


D.
Cyclophosphamide

Answer: C

Explanation: Topoisomerase 2 inhibition by etoposide can lead to double-strand DNA breaks that result in translocations involving 11q23. This form of secondary leukemia tends to occur relatively soon after treatment, in contrast to second malignant neoplasms induced by alkylating agents.

8.
During a 5-day course of etoposide and ifosfamide, a 12-year-old male develops gross hematuria. The only abnormalities on urinalysis are 4+ blood, too-numerous-to-count red blood cells, 1+ protein, and 1+ glucose. The urine-specific gravity is 1.011. The most likely cause of the hematuria is


A.
Failure to maintain an adequate urine output


B.
Failure to administer mesna


C.
Development of adenoviral infection secondary to immunosuppression


D.
Etoposide-induced renal injury

Answer: B

Explanation: Ifosfamide must be administered together with mesna to minimize the risk of hemorrhagic cystitis. Mesna is activated as it passes through the renal tubules and results in urine dipsticks reading positive for ketones. The absence of ketones in this patient’s urine strongly suggests that mesna was not administered.

9.
A 9-year-old female is being treated for acute lymphoblastic leukemia. Her treatment protocol calls for administration of intravenous methotrexate and intramuscular L-asparaginase. The most appropriate sequence of drug administration is:


A.
To administer the L-asparaginase 24 hours following the methotrexate


B.
To administer the methotrexate 24 hours following the asparaginase


C.
To administer both drugs at the same time to maximize synergistic activity


D.
Since methotrexate increases the likelihood of allergic reactions to L-asparaginase, the methotrexate should not be administered for at least 48 hours following L-asparaginase.

Answer: A

Explanation: L-asparaginase can rescue from MTX toxicity, most likely by interfering with the formation of MTX polyglutamates intracellularly. Thus L-asp is admininstered 24 hours AFTER methotrexate; the reverse sequence (L-asp followed by MTX) or concomitant administration can abrogate the anticancer effect of MTX.

10.
A 13-year-old male presents with his second relapse of acute lymphoblastic leukemia, and on laboratory evaluation is found to have a rising blast count and a serum uric acid of 8.9. In an effort to lower his serum uric acid concentration, allopurinol is administered. For his leukemia, his clinician recommends utilizing a previously studied induction regimen, POMP (mercaptopurine [Purinetho], vincristine [Oncovin], methotrexate, and prednisone). The most appropriate dose modification for this patient’s chemotherapy would be to:


A.
Withhold methotrexate until his uric acid normalizes.


B.
Double the dose of prednisone to control the rising blast count.


C.
Decrease the vincristine dose by 50% until one is assured of adequate renal function.


D.
Administer only 25% of the planned mercaptopurine dose until the allopurinol is discontinued.

Answer: D

Explanation: A primary catabolic pathway for mercaptopurine, a hypoxanthine analog, is via xanthine oxidase catalyzed conversion to thiouric acid. Allopurinol inhibits this major catabolic pathway, significantly increasing the potency of mercaptopurine (thioguanine is not subject to the same interaction).
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1.
A 14-year-old girl with chronic myelogenous leukemia has developed resistance to imatinib.  Which of the following would you now consider as the next line of therapy?

a. Sunitinib

b. Dasatinib

c. Gefinitb

d. Erlotinib

e. Sorafenib

Answer B.  
Dasatinib BCR/ABL and Src family tyrosine kinases and is approved for use in patients with CML or Ph+ ALL after imatinib treatment.  Responses to dasatinib have been observed in all patients except those with the T315I mutation.  Imatinib resistance is typically the result of single amino acid substitutions in the Abl kinase domain that interrupt critical drug contact points of include a conformation of the Abl kinase in which drug binding is reduce or precluded.  Dasatinib is a not as specific an inhibitor and structurally inhibits the BCR-ABL gene in a different conformation versus imatinib.
2.
A 4 year-old boy with ALL had thiopurine methyltransferase genotyping that revealed two non-functional alleles.  Which of the following is he most likely to experience compared to a patient with two functional alleles?

a. Severe renal failure associated with methotrexate administration

b. Prolonged QTc interval associated with dasatinib administration

c. Severe myelosuppression associated with 6-mercaptopurine administration

d. Severe diarrhea associated with topotecan administration

e. Severe hepatic toxicity associated with methotrexate administration

Answer C.  Thiopurine methyltransferase (TPMT) metabolizes thiopurine drugs such as azathioprine, mercaptopurine and thioguanine.  Those with homozygous non-functional TPMT alleles must therefore metabolize these agents via alternate pathways and are at high risk of myelosuppression if thiopurines are administered at full dose.
3.
A 12 year-old girl with a widely disseminated malignancy of unknown origin has liver involvement with abnormal serum transaminases (5 times the ULN) and a total bilirubin (4 times the ULN).  Her serum creatinine is normal.  Which of the following agents can be used without dose modifications in this patient?

a. Vincristine

b. Adriamycin

c. Cisplatin

d. Irinotecan

e. Vinblastine

Answer C.  Cisplatin can be safely administered to patients with liver dysfunction whereas the doses for other choices should be modified based on the degree of liver dysfunction.

4.
A 6-year-old girl with medulloblastoma is undergoing high dose chemotherapy with stem cell rescue. Chemotherapy includes high dose cyclophosphamide.  Which of the following toxicities is she at risk of developing as a result of this therapy?

a. Cardiac toxicity

b. Osteonecrosis

c. Somnolence

d. Blindness

e. Liver failure

Answer A.  
Cardiac toxicity is associated with high dose cyclophosphamide administration.

5.
A 6-year-old girl Ewing sarcoma and malnutrition is hospitalized to receive her a five-day course of ifosfamide and etoposide and to begin parenteral nutrition therapy.  She becomes lethargic and confused on the second day of the ifosfamide infusion.  Which of the following is the most appropriate treatment for these new symptoms?

a. Vitamin B12 injection

b. Methylene blue infusion

c. Vitamin E administration

d. Flumazenil injection

e. Disulfarim administration

Answer B.  
Ifosfamide is occasionally associated with encephalopathic symptoms related to accumulation choracetylaldehyde, which disrupts the mitochondrial respiratory chain, leading to accumulation of NADH.  Methylene blue can reverse these symptoms by disrupting the formation of choracetylaldehyde.

6.
A 19-year-old girl with osteosarcoma has anticipatory nausea and vomiting as well as delayed nausea and vomiting associated with adriamycin and cisplatin therapy.  What type of anti-emetic is most appropriate for the delayed nausea and vomiting?

a. 5-HT3 antagonist

b. Anti-histamine

c. NK-1 antagonist

d. H-1 antagonist

e. Anti-cholinergic

Answer B.  
NK-1 antagonists are approved for the treatment of delayed chemotherapy-induced nausea and vomiting whereas 5-HT3 antagonists are approved for acute emesis.

6.
A 12-year-old girl with osteosarcoma has a reduction in her glomerular filtration rate following her first course of chemotherapy from 90 mL/min/1.73m2 to 40 mL/min/1.73m2. Cisplatin and doxorubicin chemotherapy were held for one week and the GFR is now 45 mL/min/1.73m2.  Which of the following is recommended?

a. Standard doses of cisplatin and doxorubicin should be administered

b. Standard doses of cisplatin and doxorubicin can be given after delay of another week

c. Standard doses of doxorubicin and a 75% reduced dose of cisplatin should be administered at this time

d. Standard doses of doxorubicin and a 50% reduced dose of cisplatin should be administered at this time

e. Standard dose doxorubicin should be given and cisplatin should be held
Answer E.  
Cisplatin chemotherapy should not be administered to a patient with a markedly reduced GFR that has not recovered.

7.
A 15-year-old male is receiving etoposide and ifosfamide along with MESNA for treatment of Ewing sarcoma. On the second day of a planned 5-day course of therapy the urine dipstick is strongly positive for ketones with a specific gravity of 1.010. The most appropriate next step in the management of this patient would be:
i. Increase the intravenous hydration until the specific gravity is < 1.010
j. Increase the amount of sodium bicarbonate in the intravenous fluids
k. Withhold the ifosfamide for the remainder of the current course of chemotherapy
l. Proceed with therapy as planned
Answer D.  
Patients receiving ifosfamide should also be receiving mesna.  Mesna is known to cause a false positive result for urine ketones in some patients.

8.
A 2-year-old is diagnosed with standard risk acute lymphoblastic leukemia and has positive CSF cytology. Doses of intrathecal chemotherapy that this patient receives should be based on:
i. age

j. body surface area

k. weight

l. body mass index
Answer A.  
CSF volume has been shown to correlate with patient age and not size.  Thus, intrathecal therapy is age-based.

9.
A 6-year-old girl with newly diagnosed ALL has a total white blood cell count of 250,000/mm3 with 95% blasts.  Her uric acid is 8 mg/dL and her creatinine is 1.0 mg/dL.  Before administering urate oxidase you need to obtain a history about the following:
a. TPMT status (thiopurine s-methyltransferase)

b. G6PD status (glucose-6-phosphate dehydrogenase)

c. ADA status (adesnosine deaminase)

d. DPD status (dihydopyrmidine dehydrogenase)

e. PK status (pyruvate kinase)
Answer B.  
Urate oxidase is contraindicated in patients with a known history of G6PD deficiency as it can result in a severe hemolytic anemia.

10.
A 12-year-old boy with relapsed rhabdomyosarcoma is receiving vincristine, irinotecan and temozolomide.  With the first dose of irinotecan patient becomes diaphoretic, complains of severe abdominal pain, and has the sudden onset of diarrhea.  You recommend the following:
a. An immediate dose of Imodium followed by q 2 hour dosing until the diaphoresis and cramping resolve
b. An immediate dose of atropine followed by immodium q 2 hours
c. An immediate dose of atropine
d. No further Irinotecan for this course of therapy

e. Further irinotecan during this course of therapy at a 50% reduced dose
Answer C.  
Irinotecan can cause either acute diarrhea, related to a cholinergic surge from acetylcholinesterase inhibition, or delayed diarrhea, presumed to be related to accumulation of the active metabolite (SN-38) in the intestine.  Symptoms of acute diarrhea can be ameliorated or prevented with atropine.

11.
The nelarabine metabolite that is responsible for its T-cell cytotoxic effect is: 
a. Ara-CTP

b. Ara-CMP

c. Ara-GTP

d. Ara-GMP

e. PNP (purine nucleoside phosphorylase)
Answer C.  
Nelarabine is ultimately converted to Ara-GTP. Ara-GTP competes with dGTP in leukemia blasts for incorporation into DNA, which inhibits DNA synthesis, resulting in chain termination and apoptosis. In addition, accumulation of ara-GTP in T-cells, may lead to induction of the Fas-mediated cell death pathway further enhancing T-cell kill.
12.
A child with osteosarcoma is scheduled to receive high dose methotrexate therapy following central line placement.  Which of the following analgesics should not be prescribed for pain during the postoperative period due to potential adverse interactions with methotrexate?
a. Morphine

b. Codeine

c. Ibuprofen

d. Tylenol

Answer C.  
Drugs that displace methotrexate from albumin (e.g., salicylates, NSAIDS, sulphonamides, tetracycline, phenytoin), drugs that compete for tubular secretion (e.g., penicillin, probenecid, meropenem), or renal failure can greatly delay methotrexate excretion and increase toxicity.

13.
Select the mechanism of action for each of the anti-cancer agents listed below.

	1
	Clofarabine
	A
	Topoisomerase 1 inhibitor

	2
	Irinotecan
	B
	Mitotic tubule poison

	3
	Temozolomide
	C
	Alkylating agents

	4
	Vincristine
	D
	Tyrosine kinase inhibitor

	5
	Imatinib
	E
	Anti-metabolite


Answers:
	1
	E

	2
	A

	3
	C

	4
	B

	5
	D


14.
A 16-year-old female with glioblastoma multiforme is receiving bevacizumab and temozolomide following radiation therapy.  Which of the following adverse events would lead to discontinuation of the bevacizumab?

a. Acute diarrhea

b. Late diarrhea and dehydration

c. Hypertension requiring anti-hypertensive therapy for control
d. Urine protein < 3.5 gm/24 hours

e. Small CNS infarct incidentally noted on surveillance imaging

Answer E.  
Bevacizumab should be discontinued if there is any evidence of arterial or venous thrombosis.  Hypertension is not a prominent side effect in children compared to adults and can be continued if the blood pressure is readily controlled with anti-hypertensive.  Proteinuria is a common side effect of bevacizumab therapy and should be monitored closely with each visit.  Bevacizumab is generally not held until the urine protein exceeds 3.5 gm in 24 hours.  

15.
A 14-year-old boy with acute promyelocytic leukemia is receiving all-trans-retinoic acid (ATRA) and cytarabine. He develops a fever and respiratory distress with a pulse oximetry reading of 88%. A chest radiograph shows new onset pulmonary infiltrates and the development of bilateral pleural effusions. In addition to providing oxygen therapy you recommend the following:
i. Initiate intravenous dexamethasone therapy

j. Discontinue the ATRA

k. Discontinue the cytarabine
l. Administer albumin and furosemide 

m. Administer albumin and furosemide and discontinue the ATRA
Answer B.  
The differentiation syndrome (also known as “retinoic acid syndrome”) is a cytokine release syndrome that may occur in up to 25% of patients with APL during induction therapy that includes ATRA.  The incidence is probably lower in patients receiving concomitant chemotherapy.  Early recognition of the symptoms and treatment with corticosteroids are essential. There are differences of opinion whether or not ATRA should be discontinued if the is early recognition and treatment of retinoic acid syndrome.
ASPHO Board Review Course Questions- Cancer Chemotherapy and Pharmacology

Leo Mascarenhas, M.D., M.S.

1. A 12-year-old boy of middle-eastern descent presents with a history of abdominal distension and decreased urine output. His serum creatinine is 1.1 gm/dL, serum uric acid is 11 gm/dL and serum LDH is 900 U/L. You suspect Burkitt’s lymphoma and would like to request computed tomography of his abdomen with intravenous contrast. However, his renal function precludes obtaining the study. You institute intravenous hydration and plan to administer rasburicase to rapidly bring down his serum uric acid.  Before administering rasburicase, it is imperative that you obtain the following history: 

a. TPMT status (thiopurine s-methyltransferase)

b. PK status (pyruvate kinase)

c. UGT1A1 status (uridine diphosphate glucoronysltransferase 1 isoform A1)

d. *G6PD status (glucose-6-phosphate dehydrogenase) 

e. ADA status (adesnosine deaminase) 

Answer D- Rasburicase is contraindicated in patients with known G6PD deficiency since it can cause severe hemolytic anemia. ABP content outline- V.A.7.c.

2. A newborn baby girl is born with a small mass on her scalp. The mass grows in size over the next two weeks. A biopsy is performed which confirms the diagnosis of embryonal rhabdomyosarcoma. You would like to start the patient on chemotherapy with vincristine, dactinomycin and cyclophosphamide. The most appropriate dose of vincristine to administer is:

a. Full dose based on body surface area

b. Half dose based on body surface area

c. *Half dose based on weight

d. Three-fourths dose based on weight

e. Full dose based on weight.

Answer C- Infants have a relatively larger body surface area and chemotherapy doses are based on body weight. Vincristine is metabolized in the liver and newborns have hepatic immaturity. Therefore, vincristine is dosed at 50% of the calculated dose based on body weight. ABP content outline- V.A.5.a.

3. A 13-year-old male presents with his second relapse of acute lymphoblastic leukemia, and on laboratory evaluation is found to have a rising blast count and a serum creatinine of 0.7 mg/dL and serum uric acid of 8.9 m/dL. In an effort to lower his serum uric acid concentration, allopurinol is administered. For his leukemia, his oncologist recommends utilizing a previously studied induction regimen, POMP (mercaptopurine [Purinethol], vincristine [Oncovin], methotrexate, and prednisone). The most appropriate dose modification for this patient’s chemotherapy would be to: 

a. Withhold methotrexate until his uric acid normalizes. 

b. *Administer 25% of the planned mercaptopurine dose until the allopurinol is discontinued.

c. Double the dose of prednisone to control the rising blast count. 

d. Decrease the vincristine dose by 50% until one is assured of adequate renal function. 

e. Proceed with the chemotherapy regimen unmodified.

Answer B- Mercaptopurine, a purine analog, is catabolized by xanthine oxidase to thiouric acid. Allopurinol inhibits xanthine oxidase, significantly increasing the toxicity of mercaptopurine. Thioguanine is not subject to the same interaction. ABP content outline – V.A.5.e (1a).

4. A 7-year-old female is being treated for standard risk acute lymphoblastic leukemia. Her treatment protocol calls for administration of intravenous methotrexate and intramuscular L-asparaginase during interim maintenance chemotherapy. The most appropriate sequence of drug administration is: 

a. To administer L-asparaginase during the methotrexate infusion.

b. To administer L-asparaginase immediately following the methotrexate infusion

c. To administer both drugs at the same time to maximize synergistic activity

d. To administer methotrexate 24 hours following the asparaginase 

e. *To administer the L-asparaginase 24 hours following the methotrexate

Answer E- L-asparaginase can rescue from methotrexate toxicity, most likely by interfering with the formation of methotrexate polyglutamates intracellularly. Therefore, L-asparaginase is administered 24 hours after methotrexate and is the rationale behind the Capizzi I regimen. The reverse sequence (L-asparaginase followed by methotrexate) or concomitant administration of both drugs can abrogate the anticancer effect of methotrexate. ABP content outline-V.A.5.e (17a)

5. A 13-year-old male completed treatment for a localized Ewing’s sarcoma of his tibia and presented three months later with swollen oozing gums and a peripheral white blood cell count of 70.000/cmm with 50% blasts. You suspect acute myeloid leukemia secondary to etoposide. The cytogenetic abnormality most likely to be detected in the leukemic blasts is:

a. *11q23 translocation

b. Monosomy 7

c. Deletion of 5q

d. Trisomy 8

e. Trisomy 21

Answer A- Topoisomerase 2 inhibition by etoposide can lead to double-strand DNA breaks that result in translocations involving 11q23. This form of secondary leukemia tends to occur relatively soon after treatment, in contrast to second malignant neoplasms induced by alkylating agents where monosomy 7 and deletion of 5q are more common. ABP content outline- V.A.5.e (21b).

6. A 14-year old boy with history of mediastinal mixed germ cell tumor relapses 3 months following completion of treated with surgery and 6 courses of standard cisplatin, etoposide and bleomycin therapy. You plan to treat his relapse with paclitaxel, carboplatin and ifosfamide.  His measured glomerular filtration rate is 72 ml/min/1.73 m2. The most appropriate measure to prevent prolonged thrombocytopenia is:
a. *Target area under the concentration-time curve (AUC) for carboplatin dose.

b. Premedication with dexamethasone and ranitidine prior to paclitaxel.

c. Administer ifosfamide as a continuous infusion.

d. Divide carboplatin over three days.

e. Dose reduce ifosfamide by 25%.

Answer A- Carboplatin is cleared primarily by the kidneys and myelotoxicity is dose limiting. Thrombocytopenia is directly proportional to carboplatin drug exposure as measured by the AUC. ABP content outline- V.A.5.e (19a,b).

7. A 5-year-old child being treated for acute lymphoblastic leukemia is found to be heterozygous-deficient for the enzyme thiopurine methyl transferase (TPMT). Based on this finding, the best dosing guidance for administration of mercaptopurine would be to:
a. Administer no more than 10% of the usual dose and observe closely for myelosuppression. 
b. Administer 50% of the standard mercaptopurine dose and observe closely for myelosuppresion. 
c. Monitor red blood cell thioguanine nucleotides (TGNs) to avoid toxic concentrations.
d. *Consider a small dose reduction of mercaptopurine and modify dosing based on peripheral blood counts. 
e. Switch the child to thioguanine in place of mercaptopurine. 
Answer D- Only patients who are homozygous-deficient for TPMT require major dose reductions; usually no more than 10% of the usual dose of mercaptopurine is then administered. Although tolerance to mercaptopurine is diminished in heterozygotes, overall the drug remains reasonably well tolerated and can be managed based on the peripheral blood counts. ABP content outline- V.A.5.e (1a).
8. An 18 month old is diagnosed with standard risk acute lymphoblastic leukemia. The dose  of intrathecal chemotherapy that this patient receives should be based on the patient’s: 
a. *age 

b. body surface area 
c. weight 
d. body mass index 
e. head circumference
Answer A- Cerebrospinal fluid volume has been shown to correlate with patient age and not size and remains fairly constant above 3 years of age. Therefore, intrathecal therapy is age-based. ABP content outline- V.A.5.e (3a).

9. A 17-year-old Hispanic female weighing 52 kilograms with localized Ewing Sarcoma develops 2+ glucosuria during her 5th course of etoposide and ifosfamide.  Her serum glucose at the same time was 160 mg/dL The most likely cause of the glucosuria is:

a. 10% dextrose that is being administered with her IV hydration

b. Dexamethasone that is being administered as an anti-emetic

c. *Secondary Fanconi Syndrome

d. False positive on the urine dipstick

e. Hispanic ethnicity

Answer C- The normal tubular maximum for glucose is 180 mg/dL. Ifosfamide can cause a proximal tubular defect that causes wasting of bicarbonate, certain electrolytes such as phosphorus and potassium, and glucose in the urine that is usually gets worse with further ifosfamide exposure. ABP content outline V.A.5.e (13b).
10.  A 15-year-old female is being treated for localized osteosarcoma of the left distal femur and received high dose methotrexate. Her serum creatinine increased three times over baseline, 24 hours following methotrexate administration and her serum methotrexate level at 24 hours was 100 mol/L. The most effective way to decrease serum methotrexate level rapidly is to:
a. Double the leucovorin dose for rescue

b. Increase the frequency of leucovorin rescue from Q6H to Q3H
c. Hemodialysis
d. *Administer glucarpidase
e. Increase IV hydration and give bicarbonate bolus infusion. 
Answer D- Glucarpidase is a carboxypeptidase enzyme indicated for the treatment of toxic plasma methotrexate concentrations (>1 micromole per liter) in patients with delayed methotrexate clearance due to impaired renal function and is administered as a single intravenous injection of 50 Units per kg. It is a recombinant bacterial enzyme that hydrolyzes the carboxyl-terminal glutamate residue from folic acid and classical anti-folates such as methotrexate. Glucarpidase converts methotrexate to its inactive metabolites 4-deoxy-4-amino-N10-methylpteroic acid (DAMPA) and glutamate. It provides an alternate non-renal pathway for methotrexate elimination in patients with renal dysfunction during high-dose methotrexate treatment. Leucovorin rescue should be continued even when glucarpidase is administered but should not be given within a two hour time period before and after glucarpidase since it is a competing substrate. ABP content outline-V.A.5.e (3a).

11.  An 11-year-old male is being treated for acute myeloid leukemia. On the third day of a course of chemotherapy, he complains of photophobia and increasing eye pain. The drug most likely responsible for this patient’s symptoms is:

a. Doxorubicin

b. Dexamethasone

c. Thioguanine

d. Etoposide

e. *Cytarabine

Answer E- Conjunctivitis is a side effect of cytarabine and may be relieved with coadministration or topical administration of corticosteroids. ABP content outline- V.A.5.e (4b).
12. A 6-year-old female is undergoing induction therapy for acute promyelocytic leukemia cytarabine and ATRA (all-trans retinoic acid). On the 8th day of therapy, she complains of shortness of breath and is found to have an arterial oxygen saturation of 92%. Physical exam is also notable for a 2.5 kg weight gain. The most critical next step in the management of this patient is:

a. *Administer a course of dexamethasone 

b. Withhold the cytarabine until the pulmonary symptoms abate 

c. Administer albumin and furosemide

d. Administer albumin and furosemide and stop ATRA

e. Stop ATRA

Answer A- The differentiation syndrome (also known as “retinoic acid syndrome”) is a cytokine release syndrome that may occur in up to 25% of patients with APL during induction therapy that includes ATRA. The incidence is probably lower in patients receiving concomitant chemotherapy. Early recognition of the symptoms and treatment with corticosteroids are essential. There are differences of opinion whether or not ATRA should be discontinued if there is early recognition and treatment of retinoic acid syndrome. ABP content outline V.A.6.

13. A 15-year-old male is undergoing treatment of a localized Ewing’s sarcoma of the left tibia. On the third day of a planned 5-day course of etoposide and ifosfamide, the nurse reports that the patient’s urine is strongly positive for ketones on urine dipstick.  The most appropriate next step in the management of this patient would be:
a. Increase the intravenous hydration. 

b. Increase the amount of sodium bicarbonate in the intravenous fluids. 
c. Withhold the ifosfamide for the remainder of the current course of chemotherapy. 
d. *Do not change therapy. 
e. Request a nephrology consult.
Answer D- Patients receiving ifosfamide should also be receiving mesna. Mesna is known to cause a false positive result for urine ketones in some patients. ABP content outline V.A.5.e (13b)

14. A 12-year-old boy with relapsed rhabdomyosarcoma received vincristine, irinotecan and temozolomide.  He developed grade three abdominal pain and diarrhea that resolved with loperamide therapy after a period of 1 week. When he is due for his next course of chemotherapy, he is started on cefixime to decrease the risk of gastrointestinal toxicity. The rationale for using cefixime is:

a. Cefixime decreases the conversion of Irinotecan to its active metabolite SN-38 that causes diarrhea.

b. Cefixime decreases the excretion of SN-38 in the bile thus decreasing the incidence of diarrhea.

c. *Cefixime decreases intestinal bacteria that are responsible for deconjugating SN-38 glucoronide.

d. Cefixime promotes healing of the small intestinal brush border that is damaged by SN-38

e. Cefixime increases the transit of SN-38 through the gut resulting in decreased diarrhea

Answer C- Irinotecan is a prodrug that is converted by carboxylesterases in the liver and intestinal tract to the active metabolite SN-38. SN-38 is conjugated to SN -38 glucoronide (SN-38G) by hepatic uridine diphosphate glucoronosyltransferase 1A1 (UGT1A1) and excreted in the bile. Intestinal bacteria produce beta-glucoronidase that deconjugates SN-38G to SN-38 that may be responsible for the delayed diarrhea from irinotecan. ABP content outline- V.A.5.e (22b)

15.  Purine analogs and pyrimidine analogs exert their cytotoxic action by being incorporated in to DNA during the following phase of the cell cycle:

a. G0 phase

b. G1 phase

c. *S phase

d. G2 phase

e. M phase

Answer C- Antimetabolites interfere directly with DNA synthesis and are therefore cell cycle and S-phase specific.  More prolonged drug exposure that results from administering these agents by continuous infusion or by chronic daily dosing increases the chance of exposing a higher proportion of the tumor cell population to drugs during active DNA replication. ABP content outline- V.A.5.d (2)

16.  The nelarabine metabolite that is responsible for its T-cell cytotoxic effect is: 

a. Ara-CTP 

b. Ara-CMP 

c. *Ara-GTP 

d. Ara-GMP 

e. Ara- GDP

Answer C- Nelarabine is ultimately converted to Ara-GTP. Ara-GTP competes with dGTP in leukemia blasts for incorporation into DNA, which inhibits DNA synthesis, resulting in chain termination and apoptosis. In addition, accumulation of ara-GTP in T-cells, may lead to induction of the Fas-mediated cell death pathway further enhancing T-cell kill. ABP content outline-V.A.5.d (2)

17. A 2 year old male patient is being treated for Stage III favorable histology Wilms Tumor with adjuvant Vincristine, Dactinomycin and Doxorubicin. He is brought into the Emergency room with seizures and lethargy. Serum electrolytes reveal serum sodium of 122 meq/L. The attribution of hyponatremia is likely due to:

a. *Vincristine

b. Dactinomycin

c. Doxorubicin

d. Radiation damage to remaining kidney

e. Hyperperfusion injury to remaining kidney

Answer A- The most likely cause is Syndrome of Inappropriate ADH (SIADH) secretion that is a known side effect of Vincristine. ABP content outline V.A.5.e (10b)
18. An 18 year old male with localized osteosarcoma of the tibia is due to receive week 10 of chemotherapy with high dose methotrexate. An absolute contraindication to proceed with high dose methotrexate therapy is-

a. Serum AST and ALT that are 10 times upper limit of normal

b. *Serum creatinine of 2.2 gms/dL

c. Platelet count of 60,000/cmm

d. Grade 1 mucositis

e. History of transient hemiparesis associated with previous dose of high dose methotrexate

Answer B- Methotrexate is primarily excreted through the kidneys. Delayed methotrexate excretion due to impaired renal function can result in severe methotrexate toxicity. ABP content outline- V.A.5.e (3a)
19.  A 12 year old patient with Ewing Sarcoma of the chest wall is due to receive chemotherapy with Vincristine, Doxorubicin and Cyclophosphamide (VDC). Patient has been receiving local radiation therapy Monday through Friday and has 5 more treatment sessions to complete radiation. The patient’s peripheral blood counts are adequate to receive chemotherapy. Chemotherapy should be administered as follows:

a. Proceed with VDC chemotherapy unmodified

b. Delay chemotherapy till radiation is completed and then proceed with VDC chemotherapy

c. Administer VDC chemotherapy with dexrazoxane prior to doxorubicin infusion

d. *Omit doxorubicin and proceed with Vincristine and Cyclophosphamide

e. Replace doxorubicin with dactinomycin.

Answer D- Doxorubicin should not be administered during radiation therapy or soon after radiation therapy because of the risk of radiation recall injury. Dactinomycin can also cause radiation recall injury. ABP content outline-V.A.5.e (7b)
20.  A 13 year old with intermediate risk Burkitt’s lymphoma has a confirmed relapse in the bone marrow and bone. You offer the patient treatment with R-ICE (Rituximab, ifosfamide, carboplatin, etoposide). Prior to starting Rituximab therapy, it is important to determine-

a. Evidence of Epstein-Barr Virus

b. *Hepatitis B surface antigen status

c. Immunoglobulin levels

d. Absolute number of circulating CD20 positive cells

e. Direct Coombs test.

Answer B- Increased risk of Hepatitis B reactivation has been described in those who have had a history of Hepatitis B or are known to be carriers of Hepatitis B. Many of these cases result in treatment delays, inferior oncologic outcomes, increased morbidity, and more rarely fulminant hepatic decompensation and death. This is believed to be due to depletion of B lymphocytes that plays a critical role in T-cell and antibody-mediated immunity of Hepatitis B infection. The incidence of reactivation is anywhere between 2-35% in those treated with Rituximab for an underlying malignancy with a 4-6% reported rates of mortality. ABP content guideline- V.A.6.
