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1. A 14-year old male presents to his pediatrician with a three day history of wheezing and increasing difficulty breathing at night.  Physical exam, in addition to the wheezing reveals bulky adenopathy, pallor, and petechiae.  Chest x-ray reveals a mediastinal mass.  The most likely diagnosis is:

a. Burkitts Lymphoma

b. T-cell lymphoma

c. Hodgkins Lymphoma

d. T-cell Leukemia*

e. Burkitts Leukemia

2. A 4 year old child presents with pallor, fatigue, easy bruising and severe bilateral leg pain.  The initial WBC is 27,000/mm3, Hgb 9.2 gm/dl, platelet count 61,000/mm3.  Choose the most likely flow cytometric signature for the marrow sample:

a. CD 10, 19, 20, 22, 13, 33, 34, Tdt positive*

b. CD 19, 22, 13, 38 and Tdt positive, CD 10 negative 

c. CD 10, 2, 5, 38 and intracellular CD3 positive, Tdt positive 

d. CD 38, 33, 13, 15, 4 positive, Tdt negative 

e. CD 20, 22, 38 and surface immunoglobulin positive, CD10 negative

3. Very High Risk features among children with B-lineage ALL include:

a. t(1;19), t(9;22), hypodiploidy (< 44 chromosomes)

b. t(8;14), Induction failure, hypodiploidy (< 44 chromosomes) 

c. t(1;19), t(9;22), Induction failure

d. t(8;14), t(9;22), Induction failure

e. t(9;22), Induction failure, hypodiploidy (< 44 chromosomes)*

4. Which morphology correlates with a specific immunophenotype?

a. L1 and B-lineage leukemia

b. L2 and T-ALL

c. L3 and Burkitts Leukemia*

d. L2 and B-lineage leukemia

e. L3 and T-ALL

5. The following features are indicative of a better prognosis among infants with ALL:

a. Age < 90 days, WBC < 300,000/mm3, germline 11q23 (G11q23), prednisone poor response (PPR)

b. Age > 90 days, WBC < 300,000/mm3, G11q23, prednisone good response (PGR)*

c. Age < 90 days, WBC > 300,000/mm3, rearranged 11q23 (R11q23), prednisone good response (PGR)

d. Age > 90 days, WBC < 300,000/mm3, R11q23, PPR

e. Age > 90 days, WBC > 300,000/mm3, G11q23, PPR

6. Minimal residual disease can be defined as:

a. > 25% blasts by light microscopy on day 14 of induction

b. > 25% blasts by light microscopy on day 29 of induction

c. > 0.1% blasts by flow cytometry on day 14 of induction

d. > 0.1% blasts by flow cytometry on day 29 of induction*

7. A “three-drug” induction traditionally includes vincristine, asparaginase, intrathecal therapy and a steroid.  A “four-drug” induction commonly adds an anthracycline.  Recent trials, using dexamethasone (dex) instead of prednisone as the steroid, have demonstrated the following:

a. An enhanced event-free survival  (EFS) for patients receiving both the three and four drug inductions without significant differences in morbidity or mortality

b. Equivalent EFS with the three and four drug inductions

c. Enhanced EFS with the three and four drug inductions with a significant increase in the risk of avascular necrosis

d. An enhanced EFS for patients receiving the three drug induction with potentially prohibitive toxicity with dex in the four drug induction*

e. Enhanced EFS with the three drug and equivalent EFS with the four drug induction

8. The parents of an 8 year old girl with B-lineage ALL are told that there daughter has a very good prognosis with an 85% likelihood of cure with standard therapy.  The cytogenetics of her leukemia revealed:

a. Trisomies of 4,10 and 17 or TELAML1*

b. Trisomies of 4,10 and 17 or 46,XX

c. TELAML1 or 46,XX

d. Trisomies of 4 and 17 or TELAML1

e. TELAML1 or Trisomies of 4 and 17

9. A 9 year old boy is diagnosed as having T-cell ALL.  His initial white blood cell count was 41,000/mm3, Hgb 8.9 and platelet count 81,000/mm3.  The following can be said about his therapy:

a. Immunophenotype does not influence therapy for those classified as standard risk by NCI criteria

b. T-cell immunophenotype precludes his being treated on  a standard risk B-lineage leukemia protocol*

c. T-lymphoblasts polyglutamate methotrexate extensively suggesting that high-dose methotrexate would be worth studying

d. CNS prophylaxis can be minimized to avoid long-term toxicity since CNS disease/relapse is less common with T-ALL

e.  T-lymphoblasts polyglutamate methotrexate extensively suggesting that high-dose methotrexate would not be worth studying

10. The ability to deliver risk-adapted therapy is dependant upon a robust classification system.  The following factors are commonly used to define a child’s risk group:

a. Age, WBC, cytogenetics, early morphologic response, sex

b. Age, WBC, cytogenetics, early morphologic response, race

c. Age, WBC, the presence of myeloid antigens, cytogenetics, sex

d. Age, WBC, the presence of bulk disease or “lymphoma-syndrome”, early morphologic response, sex

e. Age, WBC, cytogenetics, early morphologic response, the presence of MRD*
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11. A 14-year old male presents to his pediatrician with a three day history of wheezing and increasing difficulty breathing at night.  Physical exam, in addition to the wheezing reveals bulky adenopathy, pallor, and petechiae.  Chest x-ray reveals a mediastinal mass.  The most likely diagnosis is:

a. Burkitts Lymphoma

b. T-cell lymphoma

c. Hodgkins Lymphoma

d. T-cell Leukemia

e. Burkitts Leukemia

12. A 4 year old child presents with pallor, fatigue, easy bruising and severe bilateral leg pain.  The initial WBC is 27,000/mm3, Hgb 9.2 gm/dl, platelet count 61,000/mm3.  Choose the most likely flow cytometric signature for the marrow sample:

a. CD 10, 19, 20, 22, 13, 33, 34, Tdt positive

b. CD 19, 22, 13, 38 and Tdt positive, CD 10 negative 

c. CD 10, 2, 5, 38 and intracellular CD3 positive, Tdt positive 

d. CD 38, 33, 13, 15, 4 positive, Tdt negative 

e. CD 20, 22, 38 and surface immunoglobulin positive, CD10 negative

13. Very High Risk features among children with B-lineage ALL include:

a. t(1;19), t(9;22), hypodiploidy (< 44 chromosomes)

b. t(8;14), Induction failure, hypodiploidy (< 44 chromosomes) 

c. t(1;19), t(9;22), Induction failure

d. t(8;14), t(9;22), Induction failure

e. t(9;22), Induction failure, hypodiploidy (< 44 chromosomes)

14. Which morphology correlates with a specific immunophenotype?

a. L1 and B-lineage leukemia

b. L2 and T-ALL

c. L3 and Burkitts Leukemia

d. L2 and B-lineage leukemia

e. L3 and T-ALL

15. The following features are indicative of a better prognosis among infants with ALL:   

a. Age < 90 days, WBC < 300,000/mm3, germline 11q23 (G11q23), prednisone poor response (PPR)

b. Age > 90 days, WBC < 300,000/mm3, G11q23, prednisone good response (PGR)

c. Age < 90 days, WBC > 300,000/mm3, rearranged 11q23 (R11q23), prednisone good response (PGR)

d. Age > 90 days, WBC < 300,000/mm3, R11q23, PPR

e. Age > 90 days, WBC > 300,000/mm3, G11q23, PPR

16. Minimal residual disease can be defined as:  

a. Residual disease detected by light microscopy on day 7 of induction

b. Residual disease detected by light microscopy on day 14 of induction

c. Residual disease detected by light microscopy on day 29 of induction

d. > 1.0 % blasts by flow cytometry on day 29 of induction

e. > 0.01% blasts by flow cytometry on day 29 of induction

17. A “three-drug” induction traditionally includes vincristine, asparaginase, intrathecal therapy and a steroid.  A “four-drug” induction commonly adds an anthracycline.  Dexamethasone has replaced prednisone during the induction phase in recent trials.  The following statement can be made about dexamethasone:

a. Dexamethasone has been associated with an enhanced event-free survival  (EFS) for patients receiving a four drug induction without a significant difference in toxicity

b. There has been no significant improvement in EFS associated with the use of dexamethasone, and it is associated with an increase in morbidity and mortality.  

c. Dexamethasone has been associated with a decrease in CNS relapse, but not with an overall improvement in EFS.

d.  Dexamethasone has been associated with an enhanced EFS for patients receiving the three drug induction

e. Dexamethasone has been associated with a decrease in CNS and testicular relapse but there has been no impact on marrow relapse.  

18. The parents of an 8 year old girl with B-lineage ALL are told that there daughter has a very good prognosis with a > 85% likelihood of cure with standard therapy.  The cytogenetics of her leukemia revealed:

a. Trisomies of 4,10 and 17 or TEL/AML1

b. Trisomies of 4,10 and 17 or 46,XX

c. TEL/AML1 or 46,XX

d. Trisomies of 4 and 17 or TEL/AML1

e. Trisomies of 4,10 and 17 or t(1;19)

19. A 9 year old boy is diagnosed as having T-cell ALL.  His initial white blood cell count is 41,000/mm3, Hgb 9.9 gm/dl and platelet count 81,000/mm3.  He has a mediastinal mass.  The following can be said about his therapy:

a. Immunophenotype does not influence therapy for those classified as standard risk by NCI criteria

b. T-cell immunophenotype precludes his being treated on  a standard risk B-lineage leukemia protocol

c. T-lymphoblasts polyglutamate methotrexate extensively, thus all patients with T-ALL should receive high-dose methotrexate.

d. He should receive low dose radiation to prevent airway compression from the mediastinal mass.

e. The high dose intravenous methotrexate he will receive will preclude the need for prolonged intrathecal therapy for CNS prophylaxis.

20. The ability to deliver risk-adapted therapy is dependant upon a robust classification system.  The following factors are commonly used to define a child’s risk group:

a. Age, WBC, cytogenetics, early morphologic response, sex

b. Age, WBC, cytogenetics, early morphologic response, race

c. Age, WBC, the presence of myeloid antigens, cytogenetics, sex

d. Age, WBC, the presence of bulk disease or “lymphoma-syndrome”, early morphologic response, sex

e. Age, WBC, cytogenetics, early morphologic response, the presence of MRD
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1.
A 10-year-old boy presents with fever, malaise and hepatosplenomegaly. A CBC reveals Hgb 11.2 gm/dL, platelet count 247,000/micoliter, and white blood cell count of 85,000/microliter with 90% eosinophils. A bone marrow aspirate reveals 3% lymphoblasts and markedly increased eosinophil precursors. Cytogenetic studies of the bone marrow show a t(5;14)(q31;q32) in 20 of 20 metaphases. The most likely diagnosis is:


A.
Acute lymphoblastic leukemia


B.
Acute eosinophilic leukemia


C.
Idiopathic hypereosinophila


D.
Myelodysplasia


E.
Bi-lineage leukemia

Answer: A

Explanation: The presence of a chromosome translocation in most or all cells is generally indicative of a malignancy. ALL can be associated with marked eosinophilia in cases with a t(5;14) that brings the IL-3 gene from chromosome 5q31 into the vicinity of the immunoglobulin heavy chain locus. Such patients may have very low percentages of marrow blasts. The eosinophils are reactive and not part of the malignant clone. 

2.
A 6-year-old girl presents with fever, swelling of three joints, a fleeting rash, and pain. The pain is poorly localized and occurs during the day with physical activity and awakens her from sleep. Laboratory studies show Hgb 9.8 gm/dL, platelets 172,000/micoliter, and white blood cell count 3.7/microliter with 47% lymphocytes, 32% neutrophils, 10% bands, and 11% monocytes. There is a positive ANA at a titer of 1:80 and a mildly elevated LDH. The predictive factors that favor a diagnosis of acute lymphoblastic leukemia rather than juvenile rheumatoid arthritis include all of the following except:


A.
Low white blood cell count


B.
Low-normal platelet count


C.
Low hemoglobin


D.
Nighttime pain


E.
Rash

Answer: E

Explanation: Children with ALL often present with bone and joint complaints. In some cases it may be hard to distinguish between JRA and ALL. Comparison of children with ALL and joint complaints that lack circulating blasts and those with JRA identified several factors highly suggestive of ALL (Jones et al., Pediatrics 117: e840, 2006). The strongest factors were low white blood cell count (< 4,000), low-normal platelet count (150-250,000), and history of nighttime pain. Other findings including rash and ANA were not helpful in distinguishing between ALL and JRA, 

3.
The” National Cancer Institute (NCI)/Rome” risk factors are used to group patients into “standard” and “high” risk groups. Which of the following patients has standard-risk ALL? 


A.
A 3-year-old boy with white blood cell count 5,000/microliter and T-cell ALL


B.
A 13-year-old girl with white blood cell count 5,000/microliter and B-lineage ALL


C.
An 11-month-old boy with white blood cell count 5,000/microliter and B-lineage ALL


D.
A 9-year-old girl with white blood cell count 49,900/microliter and B-lineage ALL


E.
A 7-year-old boy with white blood cell count 55,000/microliter and B-lineage ALL

Answer: D

Explanation: The NCI/Rome criteria apply only to B-lineage ALL. Standard-risk patients are those with age 1.01-9.99 years, initial white blood cell count < 50,000/microliter, and B-lineage ALL. 

4.
A 3-month-old girl presents with fever, hepatosplenomegaly, and is found to have a Hgb 5.2 gm/dL, platelets 23,000/micoliter, and white blood cell count 375,000/microliter with 90% lymphoblasts. The CSF shows 5 rbc and 500 wbc with blasts on cytospin. The most likely karyotype is:


A.
46,XX[20]


B.
46,XX,t(4;11)(q21;p23)


C.
46,XX,t(1;19)(q23;p13.3)[20]


D.
42,XX,-4,-7,-9,-16[20]


E.
46,XX,t(9;11)(p21;q23)

Answer: E
Explanation: Translocations of the 11q23 gene MLL occur in about 75% of infants with ALL and are associated with lower age, high white blood cell count, and CNS leukemia. The most common translocation partners are AF4 (chromosome 4q21), ENL (chromosome 19p13.3) and AF9 (chromosome 9p21). Note that the chromosome 11 breakpoint in answer (b) is on the p (short) arm, not the q (long arm).

5.
The chemotherapy agents used in almost all remission induction regimens during the first 4 weeks of therapy for a child with newly-diagnosed ALL include:


A.
Corticosteroid, vincristine, asparaginase preparation


B.
Corticosteroid, vincristine, anthracycline


C.
Corticosteroid, vincristine, cyclophosphamide


D.
Corticosteroid, anthracycline, asparaginase preparation


E.
Corticosteroid, cyclophosphamide, asparaginase preparation

Answer: A

Explanation: The standard three-drug induction regimen includes a corticosteroid (prednisone or dexamethasone), vincristine, and an asparaginase preparation. A four-drug induction regimen adds an anthracycline to these three drugs. Cyclophosphamide is used during the first 4 weeks of therapy in only a minority of induction regimens.

6.
The acute lymphoblastic leukemia treatment modality that is most associated with later development of secondary acute myeloid leukemia with balanced translocations is:


A.
Central nervous system irradiation


B.
Epipodophyllotoxins


C.
Alkylating agents


D.
Corticosteroids


E.
Asparaginase preparations

Answer: B

Explanation: The epipodophyllotoxins etoposide and teniposide have been associated with development of secondary AML, typically with reciprocal translocations involving chromosome 11q23 (MLL). Cranial irradiation is linked to the development of secondary brain tumors. High-dose alkylating agent therapy, as used sometimes to treat solid tumors, can be associated with development of secondary AML, most typically with loss of all or parts of chromosomes 5 or 7. Corticosteroid use is not associated with development of secondary AML. Asparaginase may potentiate the leukemogenic risk of epipodophyllotoxins, but is not an independent risk factor.

7.
Acute tumor lysis syndrome can occur during induction therapy for ALL and may be life-threatening. Acute tumor lysis syndrome is the triad of:


A.
Increased uric acid, increased phosphorus, decreased calcium


B.
Increased uric acid, decreased phosphorus, increased calcium


C.
Increased uric acid, increased potassium, decreased calcium


D.
Increased uric acid, increased potassium, increased creatinine


E.
Increased uric acid, increased phosphorus, increased potassium

Answer: E

Explanation: Acute tumor lysis syndrome occurs due to inability to excrete the break down products of DNA from dying leukemia cells. It can occur before therapy starts due to spontaneous cell death or be induced by chemotherapy. The highest risk occurs in cases of ALL with high tumor burden and/or cells with a high proliferative index. The most common settings are infant ALL, T-cell ALL, and Burkitt’s leukemia. The syndrome is defined by the triad of increased uric acid, increased phosphorus, and increased potassium. Secondary effects include decreased calcium and impaired renal function with elevated BUN and creatinine. Treatments include hydration, alkalinization, and treatment with allopurinol or recombinant urate oxidase.

8.
Which of the following patients should not be treated with therapy used commonly for ALL?


A.
A 13-year-old girl with a large mediastinal mass, pleural and pericardial effusions, normal peripheral blood cell counts, and 30% T-lymphoblasts in the bone marrow


B.
A 4-year-old with white blood cell count 45,000, hepatosplenomegaly, and 50% L3 lymphoblasts that have a t(8;14)


C.
A 6-year-old with L2 morphology ALL with lymphoblasts expressing surface mu heavy chains


D.
A 9-year-old with ALL that expresses CD10, CD19, CD13, and CD33


E.
A 20-year-old woman with B-precursor ALL and a white blood cell count of 40,000

Answer: B

Explanation: Burkitt’s leukemia is defined by L3 morphology and the presence of translocations that join the c-myc locus to an immunoglobulin heavy or light chain gene. These patients require different therapy than other ALL patients. The patient described in a. has T-cell ALL and should receive appropriate high-risk ALL therapy. The patient described in c. has transitional pre-B cell ALL and should be treated like any other ALL patient. The patient described in d. has ALL with expression of myeloid markers. This is not unusual and not associated with an adverse prognosis. The young woman described in e. will fare much better if treated on a pediatric, rather than an adult, ALL protocol.

9.
Which of the following patients are generally considered to have central nervous system involvement requiring specific therapy?


A.
CSF WBC 100/microliter with no blasts on cytospin


B.
CSF WBC 4/microliter with 100% blasts on cytospin; CSF RBC 100/microliter; peripheral blood WBC 46,000/microloter; CSF RBC 3.0 x 106/microliter


C.
CSF WBC 10/micoliter; CSF RBC 15,000/microliter; peripheral blood WBC 46,000/microloter; CSF RBC 3.0 x 106/microliter


D.
CSF WBC 5/microliter with 25% blasts on cytospin; CSF RBC 5/microliter; peripheral blood WBC 46,000/microloter; CSF RBC 3.0 x 106/microliter


E.
CSF WBC 0/microliter with no blasts on cytospin; bilateral testicular enlargement

Answer: D

Explanation: Patients with CNS3 status require specific central nervous system-directed therapy. CNS3 is defined as the presence of ≥ 5/μL WBCs and cytospin positive for blasts and/or clinical signs of CNS disease (patient d). CNS 1 is defined as the absence of blasts on cytospin preparation regardless of the number of WBCs (patient a). CNS2 is defined as the presence < 5/μL WBCs and cytospin positive for blasts (patient b), or ≥ 5 /μL WBCs and cytospin positive for blasts but negative by Steinherz/Bleyer algorithm (patient c). The patient described in e. likely has testicular leukemia. 

10.
The most important prognostic factors at the time of first ALL relapse are:


A.
Intensity of prior treatment, immunophenotype, and patient age at relapse


B.
Cumulative anthracycline dose, age at relapse, and sex


C.
Immunophenotype, duration of first remission, and bone marrow involvement


D.
Sex, cumulative anthracycline dose and duration of first remission


E.
Blast cell karyotype, age at initial diagnosis, and cumulative antracycline dose

Answer: C

Explanation: The most important factors at the time of first marrow response are duration of first remission (< 18 months is worse than 18-36 months, is worse than > 36 months), immunophenotype (T-ALL is much worse than precursor B-cell ALL), and isolated or combined bone marrow involvement. The cumulative anthracycline dose may influence treatment options available to treat relapse, but has no prognostic significance. There is no evidence that the strength of therapy received during first remission has a significant influence on outcome after relapse. In general, patients who initially had NCI/Rome standard risk features fare better than those who initially had NCI high-risk features, but this is not as powerful a predictor as time to relapse. Sex has little influence on outcome post relapse. Certain cytogenetic/molecular lesions may influence outcome post relapse, but this factor applies to only a minority of patients.
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1. A 5-year old boy presents with fever, malaise and hepatosplenomegaly.  A CBC reveals Hgb 9.2 gm/dL, platelet count 79,000/micoliter, and white blood cell count of 74,000/microliter with 90% eosinophils. A bone marrow aspirate reveals 3% lymphoblasts and markedly increased eosinophil precursors.  Cytogenetic studies of the bone marrow show 46,XY,t(5;14)(q31;q32)[18]/46,XY[2].  The most likely diagnosis is:

a. Acute lymphoblastic leukemia*
b. Acute eosinophilic leukemia

c. Idiopathic hypereosinophila

d. Myelodysplasia

e. Bi-lineage leukemia

Explanation:  The presence of a chromosome translocation in most or all cells is generally indicative of a malignancy. ALL can be associated with marked eosinophilia in cases with a t(5;14) that brings the IL-3 gene from chromosome 5q31 into the vicinity of the immunoglobulin heavy chain locus.  Such patients may have very low percentages of marrow blasts.  The eosinophils are reactive and not part of the malignant clone.  

2. The “National Cancer Institute (NCI)/Rome” risk factors are used to group patients with ALL into “standard” and “high” risk groups.  Which of the following patients has standard-risk ALL: 

a. A 3-year old boy with white blood cell count 5,000/microliter and T-cell ALL

b. A 13-year old girl with white blood cell count 5,000/microliter and B-lineage ALL

c. An 11 month old boy with white blood cell count 5,000/microliter and B-lineage ALL

d. A 9-year old girl with white blood cell count 49,900/microliter and B-lineage ALL*

e. A 7-year old boy with white blood cell count 55,000/microliter and B-lineage ALL

Explanation:  The NCI/Rome criteria apply only to B-lineage ALL.  Standard risk patients are those with age 1.01-9.99 years, initial white blood cell count < 50,000/microliter, and B-lineage ALL.  

3. A 3 month old girl presents with fever, hepatosplenomegaly, and is found to have a Hgb 5.2 gm/dL, platelets 23,000/micoliter, and white blood cell count 375,000/microliter with 90% lymphoblasts.  The CSF shows 5 rbc and 500 wbc with blasts on cytospin.  The most likely karyotype is:

a. 46,XX[20]

b. 46,XX,t(4;11)(q21;p23)

c. 46,XX,t(1;19)(q23;p13.3)[20]

d. 42,XX,-4,-7,-9,-16[20]

e. 46,XX,t(9;11)(p21;q23)*

Explanation:  Translocations of the 11q23 gene MLL occur in about 75% of infants with ALL and are associated with lower age, high white blood cell count, and CNS leukemia. The most common translocation partners are AF4 (chromosome 4q21), ENL (chromosome 19p13.3) and AF9 (chromosome 9p21).  Note that the chromosome 11 breakpoint in answer (b) is on the p (short) arm, not the q (long arm).

4. The chemotherapy agents used in almost all remission induction regimens during the first 4-weeks of therapy for a child with newly-diagnosed ALL include:

a. Corticosteroid, vincristine, asparaginase preparation*

b. Corticosteroid, vincristine, anthracycline

c. Corticosteroid, vincristine, cyclophosphamide

d. Corticosteroid, anthracycline, asparaginase preparation

e. Corticosteroid, cyclophosphamide, asparaginase preparation

Explanation:  The standard 3-drug induction regimen includes a corticosteroid (prednisone or dexamethasone), vincristine, and an asparaginase preparation.  A 4-drug induction regimen adds an anthracycline to these 3-drugs.  Cyclophosphamide is used during the first four weeks of therapy in only a minority of induction regimens.
5. The acute lymphoblastic leukemia treatment modality that is most associated with later development of secondary acute myeloid leukemia with balanced translocations is:

a. Central nervous system irradiation

b. Epipodophyllotoxins*

c. Alkylating agents

d. Corticosteroids

e. Asparaginase preparations

Explanation:
The epipodophyllotoxins etoposide and teniposide have been associated with development of secondary AML, typically with reciprocal translocations involving chromosome 11q23 (MLL).  Cranial irradiation is linked to the development of secondary brain tumors.  High dose alkylating agent therapy, as used sometimes to treat solid tumors, can be associated with development of secondary AML, most typically with loss of all or parts of chromosomes 5 or 7.  Corticosteroid use is not associated with development of secondary AML.  Asparaginase may potentiate the leukemogenic risk of epipodophyllotoxins, but is not an independent risk factor.

6. Acute tumor lysis syndrome can occur during induction therapy for ALL and may be life-threatening.  Acute tumor lysis syndrome is the triad of:

a. Increased uric acid, increased phosphorus, decreased calcium
b. Increased uric acid, decreased phosphorus, increased calcium
c. Increased uric acid, increased potassium, decreased calcium
d. Increased uric acid, increased potassium, increased creatinine

e. Increased uric acid, increased phosphorus, increased potassium*

Explanation:
Acute tumor lysis syndrome occurs due to inability to excrete the break down products of DNA from dying leukemia cells.  It can occur before therapy starts due to spontaneous cell death, or be induced by chemotherapy.  The highest risk occurs in cases of ALL with high tumor burden and/or cells with a high proliferative index.  The most common settings are infant ALL, T-cell ALL, and Burkitt’s leukemia.  The syndrome is defined by the triad of increased uric acid, increased phosphorus, and increased potassium.  Secondary effects include decreased calcium and impaired renal function with elevated BUN and creatinine.  Treatments include hydration, alkalinization, and treatment with allopurinol or recombinant urate oxidase.
7. Which of the following patients should not be treated with therapy used commonly for ALL:

a. A 13 year old girl with a large mediastinal mass, pleural and pericardial effusions, normal peripheral blood cell counts and 30% T-lymphoblasts in the bone marrow

b. A 4 year old with white blood cell count 45,000/microliter, hepatosplenomegaly and 50% L3 lymphoblasts that have a t(8;14)*

c. A 6-year old with L2 morphology ALL with lymphoblasts expressing cytoplasmic mu heavy chains

d. A 9-year old with ALL that expresses CD10, CD19, CD13 and CD33

e. A 20 year old young woman with B-precursor ALL and a white blood cell count of 40,000

Explanation: Burkitt’s leukemia is defined by L3 morphology and the presence of translocations that join the c-myc locus to an immunoglobulin heavy or light chain gene.  These patients require different therapy than other ALL patients.  The patient described in (a) has T-cell ALL and should receive appropriate high risk ALL therapy.  The patient described in (c) has pre-B cell ALL and should be treated like any other ALL patient.  The patient described in (d) has ALL with expression of myeloid markers.  This is not unusual and not associated with an adverse prognosis.  The young woman described in (e) will fare much better if treated on a pediatric, rather than an adult, ALL protocol.

8. Which of the following patients are generally considered to have central nervous system involvement requiring specific therapy:

a. CSF WBC 100/microliter with no blasts on cytospin

b. CSF WBC 4/microliter with 100% blasts on cytospin, CSF RBC 100/microliter; peripheral blood WBC 46,000/microliter; peripheral blood RBC 3.0 x 106/microliter

c. CSF WBC 10/microliter; CSF RBC 15,000/microliter; peripheral blood WBC 46,000/microliter; peripheral blood RBC 3.0 x 106/microliter

d. CSF WBC 5/microliter with 25% blasts on cytospin; CSF RBC 5/microliter; peripheral blood WBC 46,000/microliter; peripheral blood RBC 3.0 x 106/microliter*

e. CSF WBC 0/microliter with no blasts on cytospin; bilateral testicular enlargement

Explanation:
Patients with CNS3 status require specific central nervous system directed therapy.  CNS3 is defined as the presence of ≥ 5/μL WBCs and cytospin positive for blasts and/or clinical signs of CNS disease (patient d).  CNS 1 is defined as the absence of blasts on cytospin preparation, regardless of the number of WBCs (patient a). CNS2 is defined as the presence < 5/μL WBCs and cytospin positive for blasts (patient b), or ≥ 5 /μL WBCs  and cytospin positive for blasts but negative by Steinherz/Bleyer algorithm (patient c).  The patient described in (e) likely has testicular leukemia. 
9. The most important prognostic factors at the time of first ALL relapse are:

a. Intensity of prior treatment, immunophenotype, and patient age at relapse

b. Cumulative anthracycline dose, age at relapse, and sex

c. Immunophenotype, duration of 1st remission, and bone marrow involvement*

d. Sex, cumulative anthracycline dose and duration of first remission

e. Blast cell karyotype, age at initial diagnosis, and cumulative antracycline dose

Explanation:
The most important factors at the time of first marrow response are duration of first remission (<18 months is worse than 18-36 months, is worse than >36 months), immunophenotype (T-ALL is much worse than precursor B-cell ALL) and isolated or combined bone marrow involvement.  Cumulative anthracycline dose may influence treatment options available to treat relapse but has no prognostic significance.  There is no evidence that the strength of therapy received during first remission has a significant influence on outcome after relapse.  In general, patients that initially had NCI/Rome standard risk features fare better than those that initially had NCI high risk features, but this is not as powerful a predictor as time to relapse.  Sex has little influence on outcome post relapse.  Certain cytogenetic/molecular lesions may influence outcome post relapse, but this factor applies to only a minority of patients.

10. Factors associated with a favorable prognosis in B-precursor ALL include all of the following except:

a. Age 1.01 – 9.99 years

b. An M1 marrow at day 8 of induction chemotherapy

c. Initial WBC count 34,000/microliter

d. TEL-AML1 (ETV6-RUNX1) fusion

e. A hypodiploid karyotype with 43 chromosomes*

Explanation:
Important favorable risk factors in B-lineage ALL include age 1.01-9.99 years, initial WBC count less than 50,000/microliter, rapid early response to therapy (as measured by bone marrow morphology at day 8-15 of induction or minimal residual disease (MRD) levels at end induction), and favorable karyotype (ETV6-RUNX1 fusion or hyperdiploidy with favorable chromosome trisomies).  Unfavorable features include age <1 or 10+ years, initial WBC >50,000/microliter, or unfavorable karyotype such as MLL translocation, t(9;22) or hypodiploidy with <44 chromosomes as in (e). 

11. Standard therapy for an 8-year old girl with newly diagnosed ALL with CNS involvement (CNS3 or clinical signs of central nervous system leukemia) includes:

a. Cranial irradiation*

b. Craniospinal irradiation

c. Stem cell transplantation

d. Inclusion of high dose cytarabine

e. Imatinib

Explanation:
Although several recent studies have reported promising outcomes of treating ALL with CNS involvement without irradiation, cranial irradiation is still considered an essential component of therapy for such patients by most centers and cooperative groups.   Craniospinal irradiation is no longer used in most centers.  CNS involvement is not an accepted indication for stem cell transplantation.  High dose cytarabine has not been demonstrated to be beneficial in newly diagnosed ALL.  Imatinib is a BCR-ABL directed tyrosine kinase inhibitor used for treatment of Philadelphia chromosome positive ALL (and CML).

12. Which of the following is a generally accepted indication for stem cell transplantation during initial treatment for patients with ALL:

a. Initial WBC count >500,000/microliter

b. Hypodiploidy with 44 chromosomes

c. M3 marrow at end of induction therapy*

d. Presence of an MLL translocation

e. Co-expression of CD13 and CD33 on ALL cells

Explanation:
As primary therapy has improved for ALL, the indications for SCT in 1st remission have decreased.  Generally accepted indications for SCT in CR1 at this time include classic induction failure with M3 marrow (c) and hypodiploidy with <44 chromosomes.  Note that (b) has 44 chromosomes.  The magnitude of the initial WBC is not used as an indicator for SCT.  Some groups have generally pursued SCT for patients with a t(4;11) and MLL-AF4 fusion, but no group has advocated SCT for patients with any MLL translocation.  Co-expression of myeloid markers occurs in many subsets of ALL and is not an indication for SCT.

13. The peak age incidence for ALL in developed countries and incidence at that age is:

a. Age 2-4 years and incidence 80 cases/million*

b. Age <1 year and incidence 100 cases/million

c. Age 2-4 years and incidence 800 cases/million

d. Age 20 years and incidence 200 cases/million

e. Age 12 years and 100 cases/million

Explanation:
The incidence of ALL in developed countries peaks at 2-4 years at a rate of about 80 new cases/million/year, drops to 20 new cases/million/year by age 10 years, and then decreases further until about age 20 years.  The incidence is lower among infants less than 1 year of age.

14. Clinical manifestations of central nervous system involvement with ALL include all of the following except:

a. Headache

b. Viral meningitis*

c. Neck pain

d. Seizures

e. Cranial nerve palsies

Explanation:
Clinical signs of CNS involvement in ALL include headache, neck pain, seizures, and cranial nerve palsies.  Viral meningitis might be in the differential diagnosis, but is not a manifestation of CNS involvement in ALL.

15. The most definitive evidence that an ALL is of T-cell lineage is:

a. Mediastinal mass

b. WBC count >500,000/microliter

c. Presence of T-cell receptor gene rearrangements

d. Expression of cytoplasmic CD3*

e. Expression of surface CD3

Explanation:
 Almost all cases of T-cell ALL express CD3 in the cytoplasm and this is generally considered to be a diagnostic criteria for T-ALL.  Most T-ALL cases also express surface CD3, but this is a much less specific marker of T-cell lineage.   While T-ALL is often associated with a mediastinal (thymic) mass and hyperleukocytosis, both features can also be seen in B-lineage ALL.  T-cell receptor gene rearrangements also occur in B-precursor ALL and can be used to monitor minimal residual disease in that ALL subtype.
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16. A newly diagnosed ALL patient has a twin.  Which of the following circumstances are associated with the highest risk for ALL development in that twin:

a. A 3-year old boy with ALL and ETV6-RUNX1 (TEL-AML1) fusion who has an identical twin brother

b. A 6-month old boy with ALL and MLL-AFF1 (MLL-AF4) fusion who has a twin sister

c. A 6-year old boy with ALL and MLL-AFF1 (MLL-AF4) fusion who has an identical twin brother

d. A 6-month old boy with ALL and MLL-AFF1 (MLL-AF4) fusion who has an identical twin brother*
e. A 2-year old boy with ALL and TCF3-PBX1 (E2A-PBX1) fusion who has an identical twin brother

Explanation:  Answer (d) is correct; the concordance rate for leukemia is highest in identical twins diagnosed in the first year of life.  The concordance rate is about 50% in the first year of life, and drops to a very low percentage by age 5 years.  Concordance occurs due to in utero twin-to-twin transfer of either overt leukemia cells, or cells with an initiating leukemia event (typically a translocation) with new secondary events acquired independently in each twin.  Because 75-80% of infants with ALL have MLL translocations, most, but not all, cases of concordant ALL in twins are associated with MLL translocations. ETV6-RUNX1 and MLL translocations typically occur in utero in patients diagnosed with leukemia in the first few years of life; the identical twins of patients (a) and (c) are at some risk at 3 (a) and 6 (c) years, but probably only 5-10% for (a) and a very low risk for (c).  The twin of patient (b) is fraternal and at much lower risk compared than the identical twin in answer (d).  TCF3-PBX1 is much less likely to occur in utero than ETV6-RUNX1 and MLL translocations, so the twin of patient (e) is at relatively low, but not zero, risk.

2. A 12-year old girl presents with fever, malaise and hepatosplenomegaly.  A CBC reveals Hgb 9.2 gm/dL, platelet count 79,000/micoliter, and white blood cell count of 74,000/microliter with 90% eosinophils. A bone marrow aspirate reveals 3% lymphoblasts and markedly increased eosinophil precursors.  Cytogenetic studies of the bone marrow show 46,XX,t(5;14)(q31;q32)[8]/46,XY[12].  The most likely diagnosis is:

a. Acute lymphoblastic leukemia*
b. Acute eosinophilic leukemia

c. Idiopathic hypereosinophila

d. Chronic myeloid leukemia

e. Bi-lineage leukemia

Explanation:  The presence of a chromosome translocation in most or all cells is generally indicative of a malignancy, though balanced translocations (Robertsonian translocations) can be seen in normal individuals. ALL can be associated with marked eosinophilia in cases with a t(5;14) that brings the IL-3 gene from chromosome 5q31 into the vicinity of the immunoglobulin heavy chain locus (IgH).  Such patients may have very low percentages of marrow blasts, and the t(5;14) may only be present in a minority of metaphases.  The eosinophils are reactive and are not part of the malignant clone.  

3. Which of the following patients should not be treated with therapy used commonly for pediatric ALL:

a. A 10 year old boy with a large mediastinal mass, pleural and pericardial effusions, normal peripheral blood cell counts and 3% T-lymphoblasts in the bone marrow

b. A 4-year old girl with L2 morphology ALL with lymphoblasts expressing cytoplasmic mu heavy chains

c. A 3-year old boy with ALL that expresses CD10, CD19, CD13 and CD33

d. A 20 year old young woman with B-precursor ALL and a white blood cell count of 40,000/microliter
e. A 4 year old boy with white blood cell count 45,000/microliter, hepatosplenomegaly and 50% lymphoblasts with deeply basophilic cytoplasm and cytoplasmic vacuoles and a t(2; 8)(p12;q24)*

Explanation: Answer (e) is correct.  Burkitt’s leukemia is defined by L3 morphology with  deeply basophilic cytoplasm and cytoplasmic vacuoles  and the presence of translocations that join the c-Myc locus at 8q24 to an immunoglobulin heavy or light chain gene.  The immunoglobulin kappa gene is located at 2p12.  These patients require different therapy than other ALL patients and are typically treated in the same way as patients with advanced stage Burkitt’s lymphoma using therapy that is very intensive, but relatively short in duration and not including ALL maintenance chemotherapy.  The patient described in (a) has stage III T-cell lymphoma, which is typically treated the same as is T-cell ALL.  The patient described in (b) has pre-B cell ALL, while that described in (c) has ALL with expression of myeloid markers.  The latter is not unusual and not associated with an adverse prognosis, so he should be treated like any other ALL patient.  The young woman described in (d) will fare much better if treated on a pediatric, rather than an adult, ALL protocol.

4. The single strongest prognostic factor in ALL is

a. Age

b. Initial white blood cell count

c. Sex

d. Early treatment response as assessed by minimal residual disease at end of induction therapy*
e. Presence of central nervous system leukemia (CNS3)

Explanation: Answer (d) is correct.  Multivariate analyses consistently show that end induction MRD is the strongest prognostic factor in ALL.  Age (a) and initial white blood cell count (b) remain prognostic, but are not as powerful as MRD in multivariate analyses.  Sex (c) remains prognostic of outcome in very large trials with males having inferior outcome to girls, but is of only limited prognostic significance with relative risks of 1.1-1.2 (that cannot be detected unless a very large number of patients is analyzed).  Central nervous system involvement (e) is prognostic of outcome in some, but not all, contemporary trials.  It is more important as an indicator of a need for more CNS-directed therapy than as a prognostic factor.  

5. The “National Cancer Institute (NCI)/Rome” risk factors are used to group patients with ALL into “standard” and “high” risk groups.  Which of the following patients has standard-risk ALL: 

a. A 9-year old boy with white blood cell count 45,000/microliter and B-lineage ALL*

b. An 11 and a half-month old girl with white blood cell count 5,000/microliter and B-lineage ALL

c. An 11-year old girl with white blood cell count 5,000/microliter and B-lineage ALL

d. A 3-year old boy with white blood cell count 5,000/microliter and T-cell ALL

e. A 3-year old boy with white blood cell count 55,000/microliter and B-lineage ALL

Explanation:  (a) is correct.  Standard risk patients are those with age 1.01-9.99 years, initial white blood cell count < 50,000/microliter, and B-lineage ALL.  Patient (b) is an infant <1 year of age.  Patient (c) has high risk ALL due to age ≥10 years.  The NCI criteria apply only to B-lineage ALL and patient (d) has T-ALL.  Patient (e) has high risk ALL based on white blood cell count ≥50,000/microliter.  

6. The highest risk subgoup of infants <1 year old with ALL are those with:


a. Central nervous system involvement


b. Initial white blood cell count ≥ 50,000/microliter


c. MLL translocations


d. Age < 3 months


e. MLL translocations and age < 3 months*
Explanation:  (e) is correct.  The strongest prognostic factors in infants with ALL are age (<3 months is worse than 3 to <6 months, is worse than 6-12 months) and the presence of an MLL translocation.  Infants with both age <3 months and MLL translocations have an extremely poor outcome.  Central nervous system involvement (a) is much more common in infant ALL than in older children, does not have prognostic significance and is not usually considered an indication to alter therapy.  The average white blood cell count is much higher in infants than in older children with ALL and most have a white blood cell count ≥50,000/microliter.  This (b) is of some prognostic importance, but is nowhere near as strong as age <3 months and MLL translocations.  Some studies (Interfant-99) have found that WBC ≥300,000/microliter is a particularly poor prognostic marker.  

7. Which of the following statements about chromosome number (ploidy) is most accurate:

a. Hyperdiploidy with a modal chromosome count >50 is a highly favorable prognostic factor in B-lineage ALL

b. Hyperdiploidy with a modal chromosome count ≥50 is a highly favorable prognostic factor in T-cell ALL

c. Hypodiploidy with chromosome number <45 chromosomes is an unfavorable prognostic marker

d. Hypodiploidy with chromosome number <44 chromosomes is an unfavorable prognostic marker*
e. Hyperdiploidy with a DNA index ≥1.16 is a highly favorable prognostic factor in T-cell ALL  

Explanation:  (d) is correct.  Hypodiploidy is an unfavorable prognostic marker with the best cutoff being <44 chromosomes.  The outcome is even more unfavorable with lower chromosome numbers, particularly near haploid (chromosome number 24-31) ALL.  Patients with 44 or 45 (c) chromosomes fare somewhat worse than those with 46 or more chromosomes, but do much better than those with <44 chromosomes.  Hyperdiploidy with chromosome number ≥53 chromosomes (which correlates with a DNA index of ≥1.16) is a favorable prognostic factor in B-lineage ALL, but not T-ALL (b or e).  Patients with 50-52 chromosomes (a) do not do as well as those with 53+ chromosomes.  Many, but not all, studies find that the favorable prognosis associated with hyperdiploidy is more closely linked with specific chromosomes trisomies (especially of chromosomes 4 and 10) than with ploidy itself.

8. Which of the following chromosome translocations is most likely to be seen in pediatric T-ALL?

a. t(9;22)(q34;q11)

b. t(8;22)(q24;q11)

c. t(1;19)(q23;p13)

d. t(9;11)(q34; q23)

e. t(11;14)(p13;q11.2)*
Explanation:  (e) is correct.  The t(11;14)(p13;q11.2) fuses the T cell receptor alpha/delta (TCRA/D) locus with LMO2, which occurs in about 7% of pediatric T-ALL cases and does not appear to have prognostic significance.  The t(9;22)(q34;q11) or Philadelphia chromosome (a) occurs in about 4% of pediatric B-cell precursor ALL.  The Philadelphia chromosome is also seen rarely in T-ALL, but with a frequency <1%.  The t(8;22)(q24;q11) fuses c-MYC to the immunoglobulin lambda gene on chromosome 22 (b) and is a rare recurrent translocation in Burkitt leukemia/lymphoma, not T-ALL.  The t(1;19)(q23;p13) (c) creates TCF3-PBX1 (E2A-PBX1) fusion and is seen in about 5% of B-cell precursor ALL cases.  The t(9;11)(q34;q23) (d) creates MLL-AF9 fusion and is seen commonly in AML and less commonly in B-lineage ALL (especially infants).

9. A 21-year old college student who was treated for ALL when she was 3 years old presents with severe headache and mood changes.  While waiting in the infirmary she has a tonic-clonic seizure.  A homogeneous, long-T1, round mass with thin capsule is present on MRI scan.  The most likely diagnosis is:


a. Chloroma

b. Medulloblastoma


c. Glioblastoma multiforme

d. Meningioma*
e. Ependymoma

Explanation:  (d) is correct.  The radiologic appearance described is classic for a meningioma with a round lesion surrounded by a capsule.  Meningiomas have a much longer average latency after treatment (median 16 years) than other secondary CNS tumors that occur in persons treated in childhood for ALL (median 8 years).  The prognosis is also much better and almost all patients with meningioma will be cured, while most patients with other secondary CNS tumors will die.  Almost all CNS tumors that occur in persons treated for childhood ALL are related to CNS radiation therapy, which was used commonly 20-30 years ago, but is now used in only a relatively small minority of patients with newly diagnosed ALL.  Chloromas (a) occur rarely in ALL, but can occur in secondary AML.  However, almost all cases of secondary AML associated with ALL treatment occur within 5-7 years of initial therapy (unless relapse therapy is given).

10. Which of the following patients are generally considered to have central nervous system involvement requiring specific therapy:

a. CSF WBC 20/microliter with no blasts on cytospin

b. CSF WBC 2/microliter with 100% blasts on cytospin

c. CSF WBC 5/microliter with 5% blasts on cytospin; CSF RBC 2/microliter; peripheral blood WBC 46,000/microliter; CSF RBC 3.0 x 106/microliter*

d. CSF WBC 10/microliter with 100% blasts on cytospin; CSF RBC 15,000/microliter; peripheral blood WBC 46,000/microliter; CSF RBC 3.0 x 106/microliter

e. CSF WBC 100/microliter with no blasts on cytospin

Explanation:
(c) is correct.  Patients with CNS3 status require specific central nervous system directed therapy.  CNS3 is defined as the presence of ≥ 5/μL WBCs and cytospin positive for blasts and/or clinical signs of CNS disease (patient c).  CNS 1 is defined as the absence of blasts on cytospin preparation, regardless of the number of WBCs present (patients a and e; though it would be unusual to have this many cells without any blasts present). CNS2 is defined as the presence of < 5/μL WBCs and cytospin positive for blasts (patient b), or ≥ 5 /μL WBCs  and cytospin positive for blasts but negative by Steinherz/Bleyer algorithm that is designed to correct for peripheral blood contamination in a traumatic lumbar puncture (patient d).  The formula requires that the ratio of WBC/RBC in the CSF be more than 2 times greater than the ratio in peripheral blood (CSF WBC/CSF RBC > 2X Blood WBC/RBC).  Patient (d) has a traumatic tap with CNS2 status because 10/15,000 is much less than 46,000/3,000,000, not twice as great.  In contrast patient (c) has blood contamination of the CSF (not CNS involvement) as 5/2 is far more than twice as high as 46,000/3,000,000.
11. The most important prognostic factors at the time of first ALL relapse are:

a. Immunophenotype, duration of 1st remission, and bone marrow involvement*

b. Patient age at relapse, cumulative anthracycline dose, and blast cell karyotype

c. Intensity of prior treatment, patient age at initial diagnosis, and sex 

d. Duration of 1st remission, presence of CNS involvement, and blast cell karyotype

e. Immunophenotype, sex, and age at relapse

Explanation:
(a) is correct.  The most important factors at the time of first marrow relapse are duration of first remission (<18 months is worse than 18-36 months, is worse than >36 months), immunophenotype (T-ALL is much worse than precursor B-cell ALL) and isolated or combined bone marrow involvement.  Age at relapse has some prognostic significance with older teenagers doing much worse than young children, but this is not as strong as the above factors in multivariate analyses.  Cumulative anthracycline dose may influence treatment options available to treat relapse but has no prognostic significance.  Blast cell karyotype is not of strong independent prognosis, except for the presence of ETV6-RUNX1 fusion, which is associated with a very good outcome.  However, the above 3 factors are more important.  Central nervous system involvement at relapse may influence therapy, but is actually a relatively favorable prognostic factor particularly in the case of isolated CNS relapse.  The patient gender has limited impact on outcome following relapse.  There is no evidence that the strength of therapy received during first remission has a significant influence on outcome after relapse.

12. The acute lymphoblastic leukemia treatment modality that is most associated with later development of secondary acute myeloid leukemia with balanced translocations is:

a. Alkylating agents

b. Total body irradiation

c. Clofarabine

d. Epipodophyllotoxins*
e. High dose methotrexate

Explanation:
(d) is correct.  The epipodophyllotoxins etoposide and teniposide have been associated with development of secondary AML, typically with reciprocal translocations involving chromosome 11q23 (MLL).  High dose alkylating agent therapy, as used sometimes to treat solid tumors, can be associated with development of secondary AML, most typically with loss of all or parts of chromosomes 5 or 7, but the cumulative dose of alkylating agents used to treat ALL is generally low (a).  Total body irradiation (b) is associated with skin and solid tumor development, but not generally with AML.  Neither clofarabine (c) nor high dose methotrexate (e) has not been linked with secondary leukemia development at this time.

13. Which of the following characteristics excludes a diagnosis of B-cell precursor ALL?

a. Presence of T-cell receptor gene rearrangements

b. Expression of cytoplasmic CD3*

c. Expression of surface CD33

d. Mediastinal mass

e. WBC count >500,000/microliter

Explanation:
 (b) is correct.  Cytoplasmic CD3 expression is a diagnostic criteria for T-ALL and cannot be present in B-cell precursor ALL.  T-cell receptor gene rearrangements (a) occur in B-precursor ALL and are often used to monitor minimal residual disease.  CD33 expression (c) is relatively common in B-cell precursor ALL.  Both a mediastinal mass (d) and hyperleukocytosis (e) are much more common in T-ALL than in B-cell precursor ALL, but neither precludes a diagnosis of B-cell precursor ALL. 

14. The peak incidence of ALL in developed countries occurs at 2-4 years of age.  The annual incidence rate in that age group is: 

a. 200 cases/million
b. 10 cases/million
c. 80 cases/million*

d. 80 cases/100,000

e. 200 cases/100,000

Explanation:
(c) is correct.  The incidence of ALL in developed countries peaks at 2-4 years at a rate of about 80 new cases/million/year, drops to 20 new cases/million/year by age 10 years, and then decreases further until about age 20 years.  The incidence is lower among infants less than 1 year of age.

15. Which of the following is a widely accepted indication for stem cell transplantation for patients with ALL:

a. Initial WBC count >500,000/microliter in newly diagnosed ALL

b. M2 marrow at end of induction therapy in newly diagnosed ALL

c. Minimal residual disease >1% at end of induction therapy in newly diagnosed ALL

d. Newly diagnosed ALL with intrachromosomal amplification of chromosome 21 (iAMP21)

e. Bone marrow relapse within 30-36 months of initial diagnosis*

Explanation:
(e) is correct.  As primary therapy has improved for ALL, the indications for SCT in 1st remission have decreased.  While the features listed above in a-d are adverse prognostic factors in newly diagnosed ALL, none of them are generally accepted criteria for SCT in 1st remission.  Generally accepted indications for SCT in CR1 at this time include classic induction failure with M3 marrow at end of induction and hypodiploidy with <44 chromosomes.  Some groups use MRD to allocate patients to SCT in 1st remission but that is generally based on response later than at end of induction therapy.  Until recently Philadelphia chromosome-positive ALL was considered an indication for SCT in first remission, but this is no longer the case and most groups treat patients with Ph+ ALL that have a good early response to therapy with chemotherapy plus a tyrosine kinase inhibitor such as imatinib or dasatinib, regardless of donor availability.  Treatment of patients with Ph+ ALL and a poor early response (and how that is defined) is more controversial.  The outcome for patients with an early first relapse (defined somewhat differently by different groups) is quite poor and there is universal agreement that SCT offers the best chance for cure (e).

