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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.
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1.
A 16-year-old male presents with shortness of breath and is found to have a large mediastinal mass and bilateral pleural effusions. Pleurocentesis reveals lymphoblasts that are CD3, CD7, and CD34 positive but CD19 and CD22 negative. A bone marrow aspirate reveals 95% lymphoblasts and cerebrospinal fluid has no lymphoblasts on cytospin. The patient is started on chemotherapy with standard four drug induction for high-risk acute lymphoblastic leukemia (ALL) and has rapid symptomatic improvement. However, day 29 bone marrow reveals M3 status. Which of the following drugs is likely to be of specific benefit in this patient?

A.
Clofarabine

B.
Fludarabine

C.
Nelarabine

D.
Cladribine

2.
A treating physician offers a newly diagnosed patient with acute myelogenous leukemia (AML) treatment with gemtuzumab ozogamicin (GO) in addition to standard multiagent chemotherapy. The addition of GO may result in an increased risk of
A.
Sepsis

B.
Veno-occlusive disease of the liver

C.
Renal failure

D.
Neurotoxicity

3.
Following high-dose chemotherapy and autologous bone marrow transplant for high-risk neuroblastoma, a patient is started on maintenance therapy with isotretinoin. During his fifth course of therapy, the patient begins to complain of a headache associated with nausea, vomiting, and some visual symptoms. The likely cause of the patient’s headache is
A.
Leptomemingeal relapse of neuroblastoma

B.
Migraine

C.
Refractory error

D.
Benign intracranial hypertension

4.
A 12-year-old female patient with localized osteosarcoma of the femur is receiving interferon alpha 2b three times a week as maintenance therapy. After 4 months of maintenance, she was found to have clinical hypothyroidism. Evaluation of thyroid function will likely reveal
A.
Low free T4, high thyroid-stimulating hormone (TSH)
B.
Low free T4, low TSH

C.
Normal free T4, high TSH

D.
Normal free T4, low TSH

5.
A 17-year-old male with metastatic osteosarcoma is being treated with cisplatin, doxorubicin, high-dose methotrexate, ifosfamide, and etoposide. The pain at his primary site rapidly resolves following initiation of chemotherapy. However, following tumor resection he was found to be a poor histological responder despite multiagent chemotherapy. You suspect cross resistance as a cause. The drug least likely to be involved with cross resistance is
A.
Cisplatin

B.
Doxorubicin

C.
Methotrexate

D.
Ifosfamide

E.
Etoposide

6.
A 6-year-old boy of Middle-Eastern descent presents with a history of fever and decreased urine output. His complete blood count (CBC) reveals white blood cell count of 300,000/cmm, hemoglobin of 7 gm/dL and platelet count of 35,000/cmm. Tumorlysis panel reveals that his serum potassium is 6 mEq/L, creatinine is 1.1 mg/dL, uric acid is 11 gm/dL, and LDH is 900 U/L. His family history is significant for two older siblings having G6PD (glucose-6-phosphate dehydrogenase) deficiency but the patient’s G6PD status is unknown. Your immediate management should include

A.
Intravenous hydration without potassium, allopurinol, and sodium polysterene sulfonate

B.
Intravenous hydration without potassium, rasburicase, and sodium polysterene sulfonate

C.
Intravenous hydration without potassium and urine alkalinization

D.
Intravenous hydration without potassium, urine alkalinization, and sodium polysterene sulfonate

7.
A newborn baby girl undergoes a left nephrectomy for a renal tumor detected prenatally in ultrasound. Pathology is consistent with a favorable histology Wilms tumor. You would like to start the patient on chemotherapy with vincristine and dactinomycin. 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
8.
A 13-year-old male completed treatment for parameningeal alveolar rhabdomyosarcoma with vincristine, dactinomycin, and cyclophosphamide. He presented 3 months later with fatigue, pallor, and easy bruising. CBC reveals pancytopenia. You suspect acute myeloid leukemia secondary to cyclophosphamide. The cytogenetic abnormality most likely to be detected in the leukemic blasts is
A.
11q23 translocation

B.
Monosomy 7

C.
PAX3/FOXO1 fusion

D.
Trisomy 8

E.
Trisomy 21

9.
A 4-year-old boy with a history of malignant saccrococcygeal mixed germ cell tumor relapses in his lungs 2 months following completion of treatment with surgery and six 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 60 ml/min/1.73 m2. The most appropriate measure to prevent prolonged thrombocytopenia is
A.
Premedication with dexamethasone and ranitidine prior to paclitaxel
B.
Administer ifosfamide as a continuous infusion.

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

D.
Dose reduce ifosfamide by 25%.

10.
A 10-year-old patient with parameningeal embryonal rhabdomyosarcoma is due to receive week 19 of chemotherapy with vincristine, dactinomycin, and cyclophosphamide (VAC). The patient has been receiving local radiation therapy Monday through Friday and has five 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 VAC chemotherapy unmodified.
B.
Delay chemotherapy until radiation is completed and then proceed with VAC chemotherapy.
C.
Omit dactinomycin and proceed with vincristine and cyclophosphamide.
D.
Replace dactinomycin with doxorubicin.

11.
An 11-year-old girl with relapsed Ewing sarcoma received vincristine, irinotecan, and temozolomide. She developed grade 3 abdominal pain and diarrhea that resolved with loperamide therapy after a period of 1 week. When she is due for her next course of chemotherapy, she 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 increases the transit of SN-38 through the gut resulting in decreased diarrhea.

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

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

12.
A 13-year-old female is being treated for acute myelogenous 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.
Mitoxantrone

C.
Etoposide

D.
Cytarabine

13.
A 5-year-old child is being treated for ALL with oral methotrexate and 6-mercaptopurine as a component of maintenance chemotherapy. Which laboratory test provides the best guide for adjusting doses of maintenance chemotherapy?

A.
A CBC 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

E.
TPMT genotype 

14.
A 2-year-old boy has just been diagnosed with acute myelogenous leukemia. You recommend induction treatment with cytarabine, daunorubicin, and etoposide. The parents are concerned about the risk of cardiac toxicity especially because the child’s older brother required cardiac surgery to repair a hemodynamically significant ventricular septal defect at 4 years of age. The best guidance to give the parents is
A.
Reassure the parents that the congenital heart problem of the patient’s brother will not place the patient at an increased risk of cardiotoxicity relative to other children.

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

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

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

15.
A 9-year-old girl with Ewing sarcoma and who is undernourished is hospitalized to receive a 5-day course of ifosfamide and etoposide and to begin hyperalimentation. She becomes agitated and confused on the second day of chemotherapy and also has some myoclonic jerks. Which of the following is the most appropriate treatment for these new symptoms?

A.
Vitamin B12

B.
Methylene blue infusion

C.
Activated charcoal

D.
Flumazenil

E.
Disulfiram

16.
A 9-year-old female with standard-risk ALL is due to receive day 8 delayed intensification chemotherapy with vincristine and doxorubicin. The nurse places a peripheral intravenous catheter and administers doxorubicin as a short infusion over 15 minutes. During the infusion, the girl complains of severe pain at the catheter insertion site. The nurse notes significant swelling and redness distal to the catheter tip and stops the infusion immediately. The appropriate management of this patient is
A.
Remove the intravenous catheter and discharge the patient with instructions to take ibuprofen for pain and call if there are further skin changes.  

B.
Place ice immediately over the affected area and request a surgical consult for debridement.

C.
Administer dexrazoxane intravenously once daily for 3 days.

D.
Inject dimethylsulfoxide (DMSO) locally around the extravasation site.

17.
You are discussing treatment of localized osteosarcoma with a 16-year-old female and her parents. They are concerned about cardiac toxicity with the use of doxorubicin. You reassure them by informing them that
A.
They do not have to worry because females have a much lower risk of cardiotoxicity compared with males.

B.
The cumulative dose of doxorubicin is limited to 450 mg/m2 because there is a significantly higher risk of heart failure once the cumulative dose exceeds 500 mg/m2.

C.
Dexrazoxane, although known to potentially prevent cardiac toxicity, is not administered because of significant concerns of secondary leukemia when used.

D.
Cardiac toxicity is not observed when doxorubicin is administered as a continuous infusion.

18.
A 5-year-old male with standard-risk ALL and TEL-AML1 fusion in his leukemic blasts was randomized to receive thioguanine instead of mercaptopurine during maintenance chemotherapy on a clinical trial. In his fourth month of maintenance chemotherapy you notice hepatomegaly on physical examination. Peripheral blood counts reveal a white blood cell (WBC) count of 2,000/cmm, hemoglobin of 10 gm/dL, and platelet count of 15,000/cmm with no circulating blasts. The most likely cause of these findings is
A.
Viral hepatitis with thrombocytopenia
B.
Relapse of ALL
C.
Hepatomegaly secondary to steroids with spurious thrombocytopenia given expected WBC count and hemoglobin
D.
Hepatopathy secondary to thioguanine
19.
A 14-year-old female with high-risk ALL receiving standard four-drug induction presents on day 21 with lethargy, altered mental status, and right-sided weakness. Magnetic resonance imaging of the brain reveals sagittal sinus thrombosis. This side effect is most likely secondary to
A.
Prednisone

B.
Daunomycin

C.
Vincristine

D.
Intrathecal methotrexate

E.
PEG asparaginase

20.
A hematology/oncology fellow is designing a clinical trial for the treatment of high-risk non-Hodgkin lymphoma and is advised to design a 6-week therapy window using two blocks of multiagent chemotherapy administered 3 weeks apart using vincristine, doxorubicin, etoposide, cisplatin, and cyclophosphamide. The most rational design is
A.
Vincristine/doxorubicin; cisplatin/cyclophosphamide

B.
Doxorubicin/etoposide; vincristine/cisplatin

C.
Cisplatin/doxorubicin; etoposide/cyclophosphamide

D.
Vincristine/etoposide; cyclophosphamide/doxorubicin

Cancer Chemotherapy and Pharmacology: Answers
Question 1

Answer: C
Explanation: Nelarabine was approved for the treatment of relapsed or refractory T-cell ALL and T-cell lymphoblastic lymphoma based on complete responses to single-agent therapy. Nelarabine is ultimately converted to Ara-GTP metabolically. 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.e.(26)
Question 2
Answer: B
Explanation: GO is a monoclonal antibody against CD33 that is expressed on AML cells. It is linked to calicheamicin, which is a cytotoxin. GO is associated with an increased risk of veno-occlusive disease of the liver both before and after hematopoietic cell transplant. This hepatotoxicity is secondary to calicheamicin. ABP content outline-V.A.6.
Question 3
Answer: D
Explanation: cis-Retinoic acid is used as a differentiating agent in the treatment of high-risk neuroblastoma. Benign intracranial hypertension or pseudotumor cerebri has been reported in patients being treated with isotretinoin and is a rare side effect. Common side effects include dry skin, cheilitis, dry eyes, conjunctivitis, elevated transaminases, hyperlipidemia, and nyctalopia. ABP content outline-V.A.6.
Question 4
Answer: A
Explanation: Interferon is known to cause hypothyroidism. This is due to cross-reacting autoantibodies. Patients who develop autoimmune thyroiditis on interferon therapy tend to develop this side effect early on. Hypothyroidism may be long lasting even after interferon is discontinued and is related to elevated levels of thyroglobulin and thyroperoxidase antibodies. ABP content outline-V.A.6.
Question 5
Answer: C
Explanation: Cisplatin and ifosfamide are alkylating agents and are subject to enhanced DNA repair and increased detoxification. Increased multidrug resistance (MDR) expression or MDR gene amplification can result in increased efflux of both doxorubicin and etoposide from tumor cells. Mechanisms of methotrexate resistance are unique and are due to decreased expression of folate transporter, decreased folylpolyglutamyl synthetase, and amplified dihydrofolate reductase (DHFR). ABP content outline-V.A.5.c.
Question 6
Answer: A 
Explanation: Rasburicase is contraindicated in patients with G6PD deficiency because it can cause severe hemolytic anemia. ABP content outline-V.A.7.c.
Question 7
Answer: C
Explanation: 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.e.(10).a,c.

Question 8
Answer: B
Explanation: Secondary leukemia induced by alkylating agents such as cyclophosphamide commonly is associated with monosomy 7 and deletion of 5q. Topoisomerase 2 inhibition by etoposide can lead to double-strand DNA breaks that result in translocations involving 11q23. ABP content outline-V.A.5.e.(21).b 

Question 9
Answer: C

Explanation: 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 (19).a,b.
Question 10
Answer: C
Explanation: Dactinomycin should not be administered during radiation therapy or soon after radiation therapy because of the risk of radiation recall injury. Doxorubicin can also cause radiation recall injury. ABP content outline-V.A.5.e (8).b.
Question 11
Answer: E

Explanation: 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 (22).b.

Question 12
Answer: D

Explanation: 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 (4).b.
Question 13
Answer: A
Explanation: 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 (1).a.

Question 14
Answer: A
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 for drug extravasation that can lead to a significant burn. ABP content outline-V.A.e. (7).b.
Question 15
Answer: B
Explanation: The patient’s symptoms are likely due to Ifosfamide neurotoxicity. These encephalopathic symptoms are more likely to occur in individuals with poor nutrition and decreased renal function and are 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. ABP content outline-V.A.e. (13).b. 
Question 16
Answer: C
Explanation: Severe skin necrosis is a serious complication following extravasation of certain chemotherapy agents such as anthracyclines, vinca alkaloids, and taxanes. The incidence of chemotherapy extravasation has decreased significantly following the routine use of CVCs for the administration of chemotherapy. Dexrazoxane has been approved for the use of extravasation injury due to anthracyclines and prevents significant skin necrosis requiring surgical debridement in more than 90% of cases by acting as a free radical scavenger and speeding up removal of the extravasated drug from the tissues. It is usually administered at a dose of 1,000 mg/m2 intravenously on days 1 and 2 and 500 mg/m2 on day 3. Using ice packs is generally discouraged because it decreases blood flow to the region; warm packs may be beneficial. Topical DMSO is used in nonspecific treatment of chemotherapy extravasation burns. ABP content outline-5.a, d.17b
Question 17
Answer: B
Explanation: Although no dose of anthracycline is absolutely safe, the incidence of late congestive heart failure exceeds 5% in those who receive a cumulative anthracycline dose of > 500 mg/m2. Female sex and younger age at exposure are risk factors. Continuous infusion is purported to decrease the incidence of cardiac toxicity in adults but does not prevent its occurrence. Dexrazoxane is approved as cardioprotectant for anthracycline-induced cardiac damage. ABP content guideline-5.d.17b
Question 18
Answer: D
Explanation: Hepatopathy is a known complication of thioguanine and has a clinical presentation similar to veno-occlusive disease of the liver/sinusoidal obstruction syndrome. This complication is not seen with mercaptopurine. It is more common in males. Relapsed leukemia is less likely given favorable cytogenetics as is viral illness given the lack of a prodrome and isolated severe thrombocytopenia. Hepatomegaly due to steroids is commonly seen after prolonged exposure and highly unlikely during maintenance chemotherapy. ABP content outline-5.d.2b

Question 19
Answer: E
Explanation: Central nervous system thrombosis is a life-threatening and devastating complication of asparaginase therapy. Asparaginase inhibits protein synthesis and therefore can decrease antithrombin III, protein C, and protein S, predisposing patients to thrombosis. ABP content outline-5.d.17b

Question 20
Answer: C
Explanation: A principle of multiagent chemotherapy is to administer drugs with different mechanisms of action and avoidance of cross resistance to maximize cell kill. The most rational choice of regimen above is cisplatin/doxorubicin; etoposide/cyclophosphamide because it combines a topoisomerase inhibitor with an alkylating agent. One of the most important mechanisms of multidrug resistance is the overexpression of the MDR-1 gene, which encodes for P-170 membrane glycoprotein which promotes the efflux of vinca alkaloids, anthracylcines, taxanes, actinomycin D, epipodophyllotoxins, and other natural products from cancer cells. On the other hand, alkylating agents may share cross resistance related to enhanced DNA repair mediated by nucleotide excision repair enzymes. ABP content outline-5.a,b,c
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21. A newborn girl is born with a small mass on her scalp. The mass grows in size during the next 2 weeks. A biopsy is performed, confirming the diagnosis of embryonal rhabdomyosarcoma. You would like to start her on chemotherapy with vincristine, dactinomycin, and cyclophosphamide. What is the most appropriate dose of vincristine to administer?

f. Full dose based on the patient’s body surface area

g. Half dose based on the patient’s body surface area

h. *Half dose based on the patient’s weight

i. Three-fourths dose based on the patient’s weight

j. Full dose based on the patient’s weight

Answer: C. Infants have a relatively larger body surface area compared to older children and adults, and chemotherapy doses are based on body weight. Vincristine is metabolized in the liver, but because newborns have hepatic immaturity, vincristine is dosed at 50% of the calculated dose based on body weight.  

22. A 13-year-old male presents with his second relapse of acute lymphoblastic leukemia (ALL) and on laboratory evaluation is found to have a rising blast count, a serum creatinine of 0.7 mg/dL, and serum uric acid of 8.9 m/dL. To lower his serum uric acid concentration, allopurinol is administered. For his ALL, 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

f. Withhold methotrexate until his uric acid normalizes

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

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

i. Decrease the vincristine dose by 50% until adequate renal function is assured

j. 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.  

23. 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. What is the most appropriate sequence of drug administration?

f. Administer L-asparaginase during the methotrexate infusion.

g. Administer L-asparaginase immediately following the methotrexate infusion.

h. Administer both drugs at the same time to maximize synergistic activity.

i. Administer methotrexate 24 hours following the L-asparaginase. 

j. *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.  

24. A 13-year-old male completed treatment for a localized Ewing sarcoma of his tibia and presented 3 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. What is the cytogenetic abnormality most likely to be detected in the leukemic blasts?

f. *11q23 translocation

g. Monosomy 7

h. Deletion of 5q

i. Trisomy 8

j. 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. 

25. A 14-year-old boy with history of mediastinal mixed germ cell tumor relapses 3 months following completion of treatment with surgery and six 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. What is the most appropriate measure to prevent prolonged thrombocytopenia?
f. *Target the area under the concentration-time curve (AUC) for carboplatin dose.

g. Premedicate with dexamethasone and ranitidine prior to paclitaxel.

h. Administer ifosfamide as a continuous infusion.

i. Divide carboplatin over 3 days.

j. Reduce the ifosfamide dose 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. 

26. 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
f. Administer no more than 10% of the usual dose and observe closely for myelosuppression.
g. Administer 50% of the standard mercaptopurine dose and observe closely for myelosuppression. 
h. Monitor red blood cell thioguanine nucleotides (TGNs) to avoid toxic concentrations.
i. *Consider a small dose reduction of mercaptopurine and modify dosing based on peripheral blood counts. 
j. 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. 

27. 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
f. *Age

g. Body surface area
h. Weight
i. Body mass index
j. 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. Because of that, intrathecal therapy is age based. 

28. A 17-year-old Hispanic female weighing 52 kilograms with localized Ewing sarcoma develops 2+ glucosuria during her fifth course of etoposide and ifosfamide. Her serum glucose at the same time was 160 mg/dL What is the most likely cause of the glucosuria?

f. The 10% dextrose that is being administered with her intravenous hydration

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

h. *Secondary Fanconi Syndrome

i. A false positive on the urine dipstick

j. Hispanic ethnicity

Answer: C. The normal tubular maximum for glucose is 180 mg/dL. Ifosfamide can cause a proximal tubular defect that results in wasting of bicarbonate, certain electrolytes such as phosphorus and potassium, and glucose in the urine that usually gets worse with additional ifosfamide exposure. 

29. A 15-year-old female is being treated for localized osteosarcoma of the left distal femur for which she 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 µmol/L. What is the most effective way to decrease serum methotrexate level rapidly?
f. Double the leucovorin dose for rescue.

g. Increase the frequency of leucovorin rescue from Q6H to Q3H.
h. Begin hemodialysis.
i. *Administer glucarpidase.
j. Increase IV hydration and give bicarbonate bolus infusion. 
Answer: D. Glucarpidase is a carboxypeptidase enzyme used to treat toxic plasma methotrexate concentrations (>1 micromole per liter) in patients with delayed methotrexate clearance due to impaired renal function. It is administered as a single intravenous injection of 50 units per kg. Glucarpidase is a recombinant bacterial enzyme that hydrolyzes the carboxyl-terminal glutamate residue from folic acid and classical anti-folates such as methotrexate. It 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 2 hours before and after glucarpidase because it is a competing substrate.  

30. A 15-year-old male is undergoing treatment of a localized Ewing 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 to
f. Increase the intravenous hydration. 

g. Increase the amount of sodium bicarbonate in the intravenous fluids. 
h. Withhold the ifosfamide for the remainder of the current course of chemotherapy. 
i. *Continue with therapy. 
j. 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. 

31. A 12-year-old boy with relapsed rhabdomyosarcoma received vincristine, irinotecan, and temozolomide. He developed grade III abdominal pain and diarrhea that resolved with loperamide therapy after 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 because 

f. Cefixime decreases the conversion of irinotecan to its active metabolite SN-38, which causes diarrhea.

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

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

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

j. 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, which may be responsible for the delayed diarrhea from irinotecan. 

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

f. G0 phase

g. G1 phase

h. *S phase

i. G2 phase

j. M phase

Answer: C. Antimetabolites interfere directly with DNA synthesis and therefore are 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. 

33. A 2-year-old male 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

f. *Vincristine

g. Dactinomycin

h. Doxorubicin

i. Radiation damage to the remaining kidney

j. Hyperperfusion injury to the remaining kidney

Answer: A. The most likely cause is syndrome of inappropriate ADH (SIADH) secretion, a known side effect of vincristine.

34. A 12-year-old patient with Ewing sarcoma of the chest wall is scheduled to receive chemotherapy with vincristine, doxorubicin, and cyclophosphamide (VDC). The patient has been receiving local radiation therapy Monday–Friday and has five more treatment sessions. The patient’s peripheral blood counts are adequate to receive chemotherapy. Chemotherapy should be administered as follows:

f. Proceed with VDC chemotherapy unmodified.

g. Delay chemotherapy until radiation is completed and then proceed with VDC chemotherapy.

h. Administer VDC chemotherapy with dexrazoxane prior to doxorubicin infusion.

i. *Omit doxorubicin and proceed with vincristine and cyclophosphamide.

j. 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. 

15. A 17-year-old male with metastatic osteosarcoma is being treated with cisplatin, doxorubicin, high-dose methotrexate, ifosfamide, and etoposide. The pain at his primary site rapidly resolves following initiation of chemotherapy. However, following tumor resection, he was found to be a poor histological responder despite multiagent chemotherapy. You suspect cross resistance is the cause. The drug least likely to be involved with cross resistance is

A.
Cisplatin

B.
Doxorubicin

C.
*Methotrexate

D.
Ifosfamide

E.
Etoposide

Answer: C. Cisplatin and ifosfamide are alkylating agents and are subject to enhanced DNA repair and increased detoxification. Increased multidrug resistance (MDR) expression or MDR gene amplification can result in an increased efflux of both doxorubicin and etoposide from tumor cells. Mechanisms of methotrexate resistance are unique and result from the decreased expression of folate transporter, decreased folylpolyglutamyl synthetase, and amplified dihydrofolate reductase (DHFR). 

16.  A 9-year-old girl with Ewing sarcoma who is undernourished is hospitalized to receive a 5-day course of ifosfamide and etoposide and to begin hyperalimentation. She becomes agitated and confused on the second day of chemotherapy and also has some myoclonic jerks. Which of the following is the most appropriate treatment for these new symptoms?

A.
Vitamin B12

B.
*Methylene blue infusion

C.
Activated charcoal

D.
Flumazenil

E.
Disulfiram

Answer: B. The patient’s symptoms are likely due to ifosfamide neurotoxicity. These encephalopathic symptoms are more likely to occur in individuals with poor nutrition and decreased renal function and are related to the accumulation of choracetylaldehyde, which disrupts the mitochondrial respiratory chain, leading to accumulation of NADH. Methylene blue can reverse these symptoms by disrupting the formation of choracetylaldehyde. 

17. A 9-year-old female with standard risk acute lymphoblastic leukemia is due to receive day 8 delayed-intensification chemotherapy with vincristine and doxorubicin. The nurse places a peripheral intravenous (IV) catheter and administers doxorubicin as a short infusion over 15 minutes. During the infusion, the girl complains of severe pain at the catheter insertion site. The nurse notes significant swelling and redness distal to the catheter tip and stops the infusion immediately. The appropriate management of this patient is to

A.
Remove the IV catheter and discharge the patient with instructions to take ibuprofen for pain and call if there are further skin changes.  

B.
Place ice immediately over the affected area and request a surgical consult for debridement.

C.
*Administer IV dexrazoxane once daily for 3 days.

D.
Inject dimethyl sulfoxide (DMSO) locally around the extravasation site.

Answer: C. Severe skin necrosis is a serious complication following extravasation of certain chemotherapy agents such as anthracyclines, vinca alkaloids, and taxanes. The incidence of chemotherapy extravasation has decreased significantly following the routine use of CVCs for the administration of chemotherapy. Dexrazoxane has been approved for the use of extravasation injury due to anthracyclines and prevents significant skin necrosis requiring surgical debridement in more than 90% of cases by acting as a free radical scavenger and speeding up removal of the extravasated drug from the tissues. It is usually administered at a dose of 1,000 mg/m2 intravenously on days 1 and 2 and 500 mg/m2 on day 3. Using ice packs is generally discouraged because they decrease blood flow to the region; however, warm packs may be beneficial. Topical DMSO is used in nonspecific treatment of chemotherapy extravasation burns. 

18.
You are discussing the treatment of localized osteosarcoma with a 16-year-old female and her parents. They are concerned about cardiac toxicity with the use of doxorubicin. You reassure them by informing them 

A.
They do not have to worry because females have a much lower risk of cardiotoxicity compared with males.

B.
*The cumulative dose of doxorubicin is limited to 450 mg/m2 because there is a significantly higher risk of heart failure once the cumulative dose exceeds 500 mg/m2.

C.
Dexrazoxane, although known to potentially prevent cardiac toxicity, is not administered because of significant concerns of secondary leukemia.

D.
Cardiac toxicity is not observed when doxorubicin is administered as a continuous infusion.

Answer: B. Although no dose of anthracycline is absolutely safe, the incidence of late congestive heart failure exceeds 5% in those who receive a cumulative anthracycline dose of  > 500 mg/m2. Female sex and younger age at exposure are risk factors. Continuous infusion is purported to decrease the incidence of cardiac toxicity in adults, but does not prevent its occurrence. Dexrazoxane is approved as cardioprotectant for anthracycline-induced cardiac damage. 

19.
A 5-year-old male with standard risk ALL and TEL-AML1 fusion in his leukemic blasts was randomized to receive thioguanine instead of mercaptopurine during maintenance chemotherapy on a clinical trial. In his fourth month of maintenance chemotherapy, you notice hepatomegaly on physical examination. Peripheral blood counts reveal an absolute neutrophil count (ANC) of 2,000/cmm, hemoglobin of 10 gm/dL, and platelet count of 15,000/cmm with no circulating blasts. What is the most likely cause of these findings?

A.
Viral hepatitis with thrombocytopenia

B.
Relapse of ALL

C.
Hepatomegaly secondary to steroids with spurious thrombocytopenia given expected ANC and hemoglobin

D.
*Hepatopathy secondary to thioguanine

Answer: D. Hepatopathy is a known complication of thioguanine and has a clinical presentation similar to veno-occlusive disease of the liver/sinusoidal obstruction syndrome. This complication is not seen with mercaptopurine. It is more common in males. Relapsed leukemia is less likely given favorable cytogenetics as is viral illness given the lack of a prodrome and isolated severe thrombocytopenia. Hepatomegaly due to steroids is commonly seen after prolonged exposure and highly unlikely during maintenance chemotherapy. 

20.
A 14-year-old female with high-risk ALL receiving standard four-drug induction presents on day 21 with lethargy, altered mental status, and right-sided weakness. Magnetic resonance imaging of the brain reveals sagittal sinus thrombosis. This side effect is most likely secondary to

A.
Prednisone

B.
Daunomycin

C.
Vincristine

D.
Intrathecal methotrexate

E.
*PEG asparaginase

Answer: E. Central nervous system thrombosis is a life-threatening and devastating complication of asparaginase therapy. Asparaginase inhibits protein synthesis and therefore can decrease antithrombin III, protein C, and protein S, predisposing patients to thrombosis. 

21. A 3-year-old male with high risk Wilms Tumor receives chemotherapy with vincristine, doxorubicin, and cyclophosphamide. The expected sequence of peripheral blood count recovery following chemotherapy is as follows:


A. Red cells, neutrophils, platelets


B. Neutrophils, red cells, platelets


C. Platelets, red cells, neutrophils


D. *Neutrophils, platelets, red cells


E. Platelets, neutrophils, red cells

Answer: D. The first peripheral blood counts to recover are neutrophils. The use of myeloid growth factor prophylactically allows for on-time neutrophil recovery, which helps maintain the dose intensity of chemotherapy. Platelets recover next, signaling sufficient bone marrow recovery to re-initiate chemotherapy. Red cells, by virtue of having the largest total mass, take the longest to recover to normal levels; therefore, patients receive PRBC transfusions during chemotherapy to help maintain dose intensity rather than wait for hemoglobin to recover to acceptable levels. 

22. An 18-year-old male is diagnosed with glioblastoma multiforme and is advised to treat it with radiation therapy and temozolomide. Which of the following situations is likely to be implicated in treatment failure?

A. Methylation of the promoter of O6-methylguanine methyltransferase (MGMT)

B. *Overexpression of MGMT

C. Taking temozolomide before radiation therapy each day

D. Taking temozolomide after radiation therapy each day

Answer: B. Temozolomide exerts its action by methylating DNA, leading to DNA damage and cell death. MGMT can repair methylated DNA, resulting in resistance to temozolomide. There have been several studies indicating methylation of the MGMT promoter is associated with survival benefit in patients with glioblastoma multiforme. Although it is recommended that temozolomide be administered prior to radiation therapy, there have been no studies to show that it is associated with a survival benefit. 

23. The better survival outcomes seen in children with standard risk ALL with dexamethasone compared to prednisone may be attributed to all of the following except:

A. Better central nervous system penetration

B. Longer plasma half-life

C. *Better compliance

D. Greater in vitro activity against ALL

Answer: C. Patients treated with dexamethasone have fewer central nervous system (CNS) relapses and possibly fewer bone marrow relapses. This is directly attributable to better CNS penetration and longer half-life of dexamethasone when compared with prednisone. In vitro studies have demonstrated greater potency of dexamethasone when compared to prednisone against ALL cells. There is no data to suggest better compliance of one agent compared with the other. However, patients treated with dexamethasone have greater toxicity compared to those treated with prednisone. 

24. Bleomycin is used in chemotherapy regimens that are the standard of care for all of the following diseases except

1. Hodgkin lymphoma

2. testicular cancer

3. *osteosarcoma

4. intracranial non-germinomatous germ cell tumors

Answer: C. Bleomycin is an antibiotic that acts as an intercalating agent in the G2 phase of the cell cycle. Bleomycin is combined with cisplatin and etoposide in the treatment of germ cell tumors, and, in the treatment of Hodgkin lymphoma, it is part of the standard ABVD (doxorubicin, bleomycin, vinblastine, dacarbazine) regimen. Bleomycin was used in the treatment of osteosarcoma but is no longer a standard of care. 

25. A clinical fellow in hematology and oncology is interested in designing a clinical trial combining irinotecan with sorafenib. Sorafenib inhibits glucoronidation by UGT1A1. Based on this information you expect 

A. Decreased gastrointestinal toxicity and myelosuppression when both drugs are combined at their maximum tolerated doses

B. *Increased gastrointestinal toxicity and myelosuppression when both drugs are combined at their maximum tolerated doses

C. The AUC of SN-38, the active metabolite of irinotecan, will be decreased.

D. The AUC of irinotecan will be decreased.

Answer: B. Caution is recommended when administering sorafenib with compounds that are metabolized or eliminated predominantly by the UGT1A1 pathway such as irinotecan. Sorafenib inhibits glucuronidation by the UGT1A1 and UGT1A9 pathways. Systemic exposure to substrates of UGT1A1 and UGT1A9 may increase when co-administered with sorafenib. In clinical studies, when sorafenib was administered with irinotecan, whose active metabolite SN-38 is further metabolized by the UGT1A1 pathway, there was a 67%–120% increase in the AUC of SN-38 and a 26%–42% increase in the AUC of irinotecan. 

