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1. A 5 year old girl is referred to your clinic for evaluation with hepatosplenomegaly and an abnormal peripheral blood smear.  Her hemoglobin is 8.3g/dl, WBC 6,000 with 15% blasts and platelet count 50,000/μl.  Cytogenetic analysis shows absence of one chromosome 7.  The most likely diagnosis in this patient is:

a. AML


b. ALL

c. *MDS


d. CML

Answer c. MDS

In the CCG2891 study which enrolled MDS and AML patients the MDS patients had ages, WBC, peripheral blast counts, and incidence of CNS involvement that were statistically lower than AML patients. There was no difference with respect to gender, race, organomegaly, platelet count, or hemoglobin level.

2. The outcome of treating MDS vs. AML patients with AML-type therapy show the following results:

a. Remission induction is superior in MDS patients
b. Failure of inductions is no different
c. Frequency of deaths is less in MDS patients
d. * Five year survival is worse in MDS patients

Answer d. Five year survival is worse in MDS patients

The CCG2891 provided one of the only comparison studies for treatment of AML and MDS patients by identical therapy.  The remission induction rate was 57% for MDS vs. 78% for AML, failures: 32% in MDS, 15% in AML, Deaths: 11% in MDS and 6% in AML, 5 year overall survival 33% in MDS vs 47% in AML

3. Transient Abnormal Myelopoiesis in Down Syndrome infants may resolvespontaneously, but approximately 25% of patients will die.  The leading cause of death is:

a. Liver failure
b. Thrombosis

c. *Megakaryocytic leukemia
d. Cardiac failure

In Homans’ review of TAM 10/85 (11%) of patients died in the first few months with non-malignancy associated conditions: heart failure, hyperviscosity, sepsis, and “crib death”.   Twenty-eight patients later developed leukemia of which 14 (50%) died.  Most of these have acute megakaryocytic leukemia. 

4. A 2 week old infant with Down Syndrome and hepato-splenomegaly is found to have circulating blasts and leukemia is suspected.  The bone marrow aspirate is not consistent with acute lymphoid leukemia.  What FAB type is most likely?

a. M6 Erythroleukemia

b. M1 Acute myloid leukemia with differentiation

c. *M7  Acute megakaryocytic leukemia

d. M5 Monocytic leukemia

e. M4 Myelomonocytic leukemia

Answer: c Acute megakaryocytic leukemia.  

Children with Down Syndrome have a 10-100 fold increased incidence of acute leukemia over non-Down Syndrome patients.  The ratio of ALL: AML in Down Syndrome children is 4:1.  Megakaryocytic leukemia is overwhelmingly the most frequent type of myeloid leukemia with the 400-fold excess risk.

5. The inpatient consult team is asked to see a 14 month old girl who has been admitted to another service with pallor, fever, skin rash, lymphadenopathy, and hepatosplenomegaly.  She has many myeloid precursors in the peripheral smear, a WBC of 100,000/μl, monocytosis of 1 X 109 /L, and increased fetal hemoglobin for age.  The bone marrow aspirate shows 15% blasts.  A sample is sent for evaluation of response to GM-CSF show a hypersensitivity of monocytes in vitro.  The most likely diagnosis is:

a. CML

b. AML M0
c. AML M5
d. AML M4
e. *JMML

Answer e JMML. 

This is a classic story for JMML with peripheral blood monocytosis in a greatly increased WBC (often over 100,000), and in vitro  hypersensitivity of monocytes to proliferation with GM-CSF.  The patients rarely have blasts over 20% in the bone marrow and most often have normal cytogenetic analysis of the marrow.


6.  The molecular pathogenesis of JMML is closely linked with activating mutations of which family of genes:

a. AML/RUNX1
b. BCR/Abl

c. GATA1
d *Ras
e. Myc/IgG light chain

Answer d Ras. 
Shannon et al have written several landmark papers showing that activation of Ras genes (PTPN1,N RAS and KRAS) occurs in 60% of JMMLpatients:.  Ten to 15 percent of JMML patients also have deletions of NF1 which is a negative regulator of Ras signaling.

7.  PTPN11 mutations have been identified in approximately 40% of Noonan Syndrome  patients.  Those with the muation almost always have cardiovascular anomalies and hematologic abnormalities.  The patients develop  JMML which frequently 

a.* Goes into spontaneous remission

b. Becomes true AML

c. Is characterized by thrombocytopenia lasting years
d. Is characterized by chronic neutropenia


Answer a. Goes into spontaneous remission

Children with Noonan syndrome (NS) are at increased risk of developing juvenile myelomonocytic leukemia (JMML) or a myeloproliferative disorder associated with NS (MPD/NS) resembling JMML in the first weeks of life; whereas JMML is an aggressive disorder requiring hematopoietic stem cell transplantation, MPD/NS may resolve without treatment and cases with spontaneous remission have also been reported.
 

8. Several gene mutations have been associated with JMML and they may or may not have prognostic implications.  A gene expression-based classification system has been found to be an independent predictor of clinical outcome in these patients. What is the disease signature that predicts a poor outcome?

a. Tyrosine kinase inhibitors

b. *AML-like

c. CML-like

d. BRAF pathway abnormalities


Answer: b. AML-like
The Diagnostic Category of leukemia and MDS gene expression profiling in a large cohort of patients can identify 16 classes of acute and chronic leukemias. When this gene profiling algorithm was applied to JMML patients those with the worst prognosis (older than 1 year of age, more than 9% monocytes, more than 2% peripheral blasts, platelets less than 50,000/µl, more likely to have elevated hemoglobin for age, and monosomy 7 at presentation) had an “AML-like” gene expression profile.

9.  Multisystem LCH means patients with risk organs (liver, spleen, bone marrow, and lung) as well as those with combinations of skin, bone, lymph node, intestine, and endocrine organs (primarily pituitary).  Single system LCH relates to only the low risk sites.  The risk of a second reactivation after LCH-I and LCH-II therapy in the multisystem vs. single system patients can best be categorized as:

a. More in the multisystem patients and less in the single system patients at one year after stopping therapy
b. More in the multisystem patients at 2 and 5 years after stopping therapy
c. *Equal in the two groups at at 1, 2, and 5 years after stopping therapy.
d. More in the single system patients since they usually had less intense therapy.

Answer: c. Equal in the two groups at all time points.

Minkov et al reviewed 335 patients with multisystem and single system LCH treated on the DAL-HX, LCH-I, and LCH-II studies who had complete resolution of their disease at the end of therapy.  The duration of therapy was one year for patients on the DAL-HX study and 6 months for the LCH-I and II studies.  Overall 29% of patients on DAL-HX treatment had a reactivation vs. 50% on the other two studies.  The risk of a second reactivation at one year was 35% for single system patients and 32% for multisystem patients.  At year two the percentages were 13% and 12% and at 5 years 3% and 9% respectively.

10.  A ferritin over 10,000 μg/L is 90% sensitive and 96% specific for HLH and when put with 4/7 other diagnostic criteria this level of ferritin can be a powerful indicator for the diagnosis of HLH.  However, many other conditions can have elevated ferritins.  Patients in which one of the following categories often has ferrtin levels in the range of HLH patients.

a. Viral infection
b. Bacterial infection

c. *Stem cell transplant
d. Solid organ transplant.

Answer: c Stem cell transplant

Although ferritin is an acute phase reactant elevated in many infections the maximum levels rarely exceed 7,000 and in fact the median is 1,120 μg/L for viral infection and 972 μg/L for bacterial infection.  HLH has a median value of 15,830 with admission value maximum of 63,919 and maximum value any time before treatment of 189,721.  The extensive mucositis in patients with stem cell transplant as well as organ damage from the conditioning regimens lead to median values of 2,491 μg/L and maximum values of 46,708 μg/L.  Solid organ transplant patients have median  ferritin levels of 909 μg/L and maximum values of 5550 μg/L. Shock has maximum values around 9000 μg/L with chronic transfusion and liver disease in the 11-12,000 μg/L range.  The bottom line from all of this is any patient with a ferritin over 10,000 μg/L or for whom it is steadily rising should be fully evaluated for HLH.

11. A well-appearing two year old boy has bilateral cervical adenopathy measuring 8 X 6 cm and liver and spleen are normal.  His temperature is  100oF (37.8oC), hemoglobin of 8gm/dl, MCV 70 with normal WBC and platelet count, and ESR of 80mm/hr.  His ferritin, iron level, and transferrin are normal.  His clinical condition does not change for several months. The most likely diagnosis is:


a. LCH
b. *Rosai Dorfman Disease
c. HLH
d. Juvenile Xanthogranuloma

Answer: b Rosai Dorfman Disease

There are elements of this child’s presentation that cross over all of the diagnoses listed.  Massive bilateral adenopathy is more common in Rosai Dorfman Disease than any of the others and rashes are almost unheard of in RDD.  These patients frequently have an anemia of chronic disease with highly elevated sedimentation rates.  HLH is unlikely because he is well-appearing and remains so for 3 weeks, has only one cytopenia, no organomegaly, and a normal ferritin.  LCH is possible, but less likely since there is no rash, oral, aural, or bone findings.  Patients with juvenile xanothgranuloma generally have several subcutaneous nodules without significant adenopathy.  (RDD patients can also have subcutaneous nodules.)

12.  LCH patients who have lesions of the orbit, temporal bone or mastoid have a higher incidence of diabetes insipidus that those having skull lesions in other locations.  What long term non-endocrine problem are these patients at risk for?

a. Chronic infections of those sites
b. Brain tumors
c.* Neurodegenerative syndndrome
d. Scalp rashes

Answer: c. Neurodegenerative syndrome.
The relative risk of this is controversial but is probably in the 2-5% range.  It is hypothesized the cells from these lesions enter vascular pathways to the pituitary and hypothalmus (often causing diabetes insipidus) and then make there way to the cerebellum, pons and basal ganglia.  The few histologic investigations done in these patients show CD8+ lymphocytes, microglial proliferation, and nerve death leading to the symptoms of ataxia, dysmetria, dysarthria, and learning difficulties. Brain MRIs show T2 intense signal in the FLAIR images in the brain regions listed above.


13.  The diagnostic criteria for Hemophagocytic Lymphohistiocytosis include: fever, hepato/splenomegaly, decrease in two cell lines, elevated triglycerides, elevated ferritin, elevated interleukin 2 receptor, and decreased NK cell function.
The  criteria sited as most variable or least helpful is:


a. Increased ferritin
b. Increased triglycerides
c.* Hemophagocytosis 
d. Decrease in two cell lines

Answer c. Hemophagocytosis
A review several studies of HLH patients reporting on the percentage of patients with hemophagocytosis in the marrow showed a range of 20 to 100% with most being in the 50% range.  This variability is likely due to the varying tempo of the disease or perhaps the different etiologies: infectious vs genetic.

14. A two month old infant is brought to your clinic with an extensive scaly rash on the scalp which has been biopsied and shown to be Langerhans cell histiocytosis. You want to determine whether this patient has skin-only LCH or involvement of any of the “High Risk” organs.  The child has a normal CBC, normal liver enzymes and bilirubin, a normal skeletal survey/skull films and chest xray. What other screening test will be important for finding involvement of a high risk organ?


a. Reticulocyte count
b. Erythrocyte sedimentation rate
c. Alkaline phosphatase
d.* Serum albumin and total protein

Answer d. Serum albumin and total protein
These tests are very senstive for detecting decreased synthetic capacity of the liver and are often abnormal before liver enzymes and bilirubin are elevated.  Of course the albumin and protein could be low if the child has chronic diarrhea from intestinal involvement also.  If that symptom is present one should do endoscopy with biopsies to prove intestinal involvement. Liver involvement can be proven by biopsy which may show CD1a+ cells infiltrating the liver or just lymphocytic infiltrates.  A CT or ultrasound of the abdomen will demonstrate hypodense signal along the biliary tracts.

15. A female infant is diagnosed with hemophagocytic lymphohistiocytosis (HLH) not associated with an EBV infection. In taking the family history you learn that another female infant died of HLH two years ago.  Also a newborn female child died of an unknown disease 4 years prior and was said have been bleeding profusely, jaundiced and had a distended abdomen. In counseling the family about the genetics of HLH you will explain that this is


A. An X-linked syndrome
*B. An autosomal recessive syndrome
C. A dominant inheritance syndrome
D. An autosomal recessive syndrome with incomplete penetrance

The correct answer is B, autosomal recessive.  There are 5 genes associated with HLH: MUNC13-4, STXBP2, RAB27A, STX11,and PRF1.  Familial HLH is associated with homozygous defects in these genes although the specific mutations carried by each parent may be different.  It is rare that there will be compound heterozygous mutations in two of the associated genes although this has been reported.  The question specifically avoided EBV-associated HLH to make the likelihood of SH2D1a (XLP-1) or the BIRC4 (XLP-2) gene defects unlikely.  In the case of XLP-1 the gene is x-linked.

16. You are reviewing a lymph node biopsy of a child suspected of having a histiocytic disease with your pathologist.  She notes the H & E stain shows large cells with pink cytoplasm and folded nuclei (bean-shaped).   Although the favored diagnosis is Langerhans cell histiocytosis, what immunohistochemical stain is needed to confirm the diagnosis?

A. anti-S-100
B. anti-CD68
*C. anti-CD1a
D. anti-CD14
E.anti- Lysozyme

Answer: CD1a. Langerhans cells are the only histiocytes that will stain with this antibody.  CD1a is found on T cells, but one would have no problem differentiating the small lymphocyte from the LCH cells which are 2-3 times larger.  Anti-S100 is the least specific of all the stains listed and will bind to the histiocytes in Rosai Dorfman Disease (RDD) and Hemophagocytic Lymphohistiocytosis (HLH).  Anti-CD68, anti-CD14, and anti-lysozyme are often used to accentuate the macrophages (histiocytes) in RDD and HLH.
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1.
A 5-year-old girl is referred to your clinic for evaluation with hepatosplenomegaly and an abnormal peripheral blood smear. Her hemoglobin is 7.3 g/dl, white blood cell (WBC) count is 1,500 with 15% blasts, and platelet count is 20,000/μl. Cytogenetic analysis shows absence of one chromosome 7. The most likely diagnosis in this patient is

A.
Acute myloid leukemia (AML)

B.
Acute lymphoblastic leukemia (ALL)

C.
Myelodysplastic syndrome (MDS)

D.
Chronic myeloid leukemia (CML)

2.
Which of the following results occur when treating MDS versus AML patients with AML-type therapy?

A.
Remission induction is superior in MDS patients.

B.
Failure of inductions is no different.

C.
Frequency of deaths is less in MDS patients.

D.
Five-year survival is worse in MDS patients.

3.
Transient abnormal myelopoiesis (TAM) in infants with Down syndrome may resolve spontaneously, but approximately 25% of patients will die. The leading cause of death is

A.
Liver failure

B.
Thrombosis

C.
Megakaryocytic leukemia

D.
Cardiac failure

4.
A 2-week-old infant with Down syndrome and hepatosplenomegaly is found to have circulating blasts and leukemia is suspected. The bone marrow aspirate is not consistent with acute lymphoid leukemia. Which of the following FAB type is most likely?

A.
M6 erythroleukemia

B.
M1 AML with differentiation

C.
M7 acute megakaryocytic leukemia

D.
M5 monocytic leukemia

E.
M4 myelomonocytic leukemia

5.
The inpatient consult team is asked to see a 14-month-old girl who has been admitted to another service with pallor, fever, skin rash, lymphadenopathy, and hepatosplenomegaly. She has many myeloid precursors in the peripheral smear, a WBC count of 100,000/μl, monocytosis of 1 X 109/L, and increased fetal hemoglobin for age. The bone marrow aspirate shows 15% blasts. A sample sent for evaluation of response to GM-CSF shows a hypersensitivity of monocytes in vitro. The most likely diagnosis is

A.
CML

B.
AML M0

C.
AML M5

D.
AML M4

E.
Juvenile myelomonocytic leukemia (JMML)

6.
The molecular pathogenesis of JMML is closely linked with activating mutations of which family of genes?

A.
AML/RUNX1

B.
BCR/Abl

C.
GATA1

D.
Ras

E.
Myc/IgG light chain

7.
PTPN11 mutations have been identified in approximately 40% of patients with Noonan syndrome (NS). Those with the muation almost always have cardiovascular anomalies and hematologic abnormalities. The patients develop JMML, which frequently 

A.
Goes into spontaneous remission

B.
Becomes true AML

C.
Is characterized by thrombocytopenia lasting years

D.
Is characterized by chronic neutropenia

8.
A 5-year-old boy presented with pallor, fatigue, and low grade fevers. His physical exam showed minimal splenomegaly, petechiae, and no adenopathy. Laboratory data include a hemoglobin of 6 and MCV of 102, WBC 2,000, and platelets of 40,000. His bone marrow aspirate shows bizarre megaloblastic erythroid cells with abnormal maturation of the nuclei, dysplastic megakaryocytes, and nuclear bridging of the neutrophils with 5% blasts. The most likely diagnosis is

A.
Aplastic anemia

B.
Vitamin B12 deficiency

C.
MDS

D.
Acute megakaryocytic leukemia

E.
Erythroleukemia

9.
Langerhans cell histiocytosis (LCH) affects the skin and bones of most patients while a smaller number have involvement of the liver, spleen, and bone marrow. The overall survival of patients is dependent on the sites of disease. Which of the following patients with LCH in the noted sites is considered “high risk” for not surviving?

A.
Mastoid, orbit, femur, skin

B.
Pituitary, mastoid, lung

C.
Skin, liver

D.
Colon, skin, humerus, ribs, vertebrae

E.
Pituitary, radiologic evidence of neurodegenerative syndrome

10.
Elevated ferritin levels are associated with chronic transfusions as well as a variety of inflammatory conditions including hemophagocytic lymphohistiocytosis (HLH). What level of ferritin is considered 90% sensitive and 96% specific for HLH?

A.
300

B.
500

C.
1,000

D.
10,000

E.
50,000

11.
A child presents with a 6-month history of progressive proptosis of his left eye. When you examine him you discover subcutaneous nodules on his back and abdomen. A skeletal survey shows some linear lytic lesions in his left humerus and in both femurs. The most likely diagnosis is

A.
LCH

B.
Rhabdomyosarcoma

C.
Juvenile xanthogranuloma

D.
Rosai–Dorfman disease

12.
LCH patients who have lesions of the orbit, temporal bone, or mastoid have a higher incidence of diabetes insipidus that those with skull lesions in other locations. What long-term nonendocrine problem are these patients at risk for?

A.
Chronic infections of those sites

B.
Brain tumors

C.
Neurodegenerative syndrome

D.
Scalp rashes

13.
The diagnostic criteria for hemophagocytic lymphohistiocytosis include fever, hepato/splenomegaly, decrease in two or more cell lines, elevated triglycerides, elevated ferritin, elevated interleukin 2 receptor, and decreased NK cell function. Which of the following criteria is most variable or least helpful?

A.
Increased ferritin

B.
Increased triglycerides

C.
Hemophagocytosis 

D.
Decrease in two cell lines

14.
A 2-month-old infant is brought to your clinic with an extensive scaly rash on the scalp that has been biopsied and shown to be LCH. You want to determine whether this patient has skin-only LCH or involvement of any of the high-risk organs. The child has a normal CBC, normal liver enzymes and bilirubin, and a normal skeletal survey/skull films and chest X ray. What other screening test will be important for finding involvement of a high-risk organ?

A.
Reticulocyte count

B.
Erythrocyte sedimentation rate

C.
Alkaline phosphatase

D.
Serum albumin and total protein

15.
A female infant is diagnosed with HLH not associated with an Epstein-Barr virus (EBV) infection. In taking the family history you learn that another female infant died of HLH 2 years ago. Also, a newborn female child died of an unknown disease 4 years prior and was said to have been bleeding profusely, jaundiced, and had a distended abdomen. In counseling the family about the genetics of HLH, you will explain that this is

A.
An X-linked syndrome

B.
An autosomal recessive syndrome

C.
A dominant inheritance syndrome

D.
An autosomal recessive syndrome with incomplete penetrance

16.
You are reviewing the lymph node biopsy of a child suspected of having a histiocytic disease with your pathologist. She notes the H&E stain shows large cells with pink cytoplasm with normal lymphocytes in the cytoplasm. The cells are CD1a negative, fascin negative, and CD68 positive. What is the diagnosis?

A.
Rosai–Dorfman disease

B.
Juvenile xanthogranuloma 

C.
Hemophagocytic lymphohistiocytosis

D.
LCH

E.
Reactive lymphadenopathy
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Question 1

Answer: C

Explanation: Patients with pancytopenia and less than 20% blasts in the marrow with a -7 (monosomy 7) cytogenetic finding are classic MDS patients.

Question 2

Answer: D

Explanation: The CCG2891 provided one of the only comparison studies for treatment of AML and MDS patients by identical therapy. The remission induction rate was 57% for MDS versus 78% for AML; failures: 32% in MDS, 15% in AML; deaths: 11% in MDS and 6% in AML; 5-year overall survival 33% in MDS versus 47% in AML.

Question 3

Answer: C

Explanation: In Homans’ review of TAM, 10/35 (11%) of patients died in the first few months with nonmalignancy-associated conditions: heart failure, hyperviscosity, sepsis, and “crib death”. Twenty-eight patients later developed leukemia, of which 14 (50%) died. Most of these had acute megakaryocytic leukemia. 

Question 4

Answer: C

Explanation: Children with Down syndrome have a 10–100-fold increased incidence of acute leukemia over non-Down syndrome patients. The ratio of ALL: AML in children with Down syndrome is 4:1. Megakaryocytic leukemia is the most frequent type of myeloid leukemia with a 400-fold excess risk.

Question 5

Answer: E

Explanation: This is a classic story for JMML with peripheral blood monocytosis in a greatly increased WBC (often over 100,000) and in vitro hypersensitivity of monocytes to proliferation with GM-CSF. The patients rarely have blasts over 20% in the bone marrow and most often have normal cytogenetic analysis of the marrow.

Question 6

Answer: D

Explanation: Shannon and colleagues have written several landmark papers showing that activation of Ras genes (PTPN1, N RAS, and KRAS) occurs in 60% of JMMLpatients. Ten to fifteen percent of JMML patients also have deletions of NF1, which is a negative regulator of Ras signaling.

Question 7

Answer: A

Explanation: Children with NS are at increased risk of developing JMML or a myeloproliferative disorder associated with NS (MPD/NS) resembling JMML in the first weeks of life. Whereas JMML is an aggressive disorder requiring hematopoietic stem cell transplantation, MPD/NS may resolve without treatment and cases with spontaneous remission also have been reported.

Question 8

Answer: C

Explanation: MDS causes all of the bone marrow findings listed for this patient. Although some MDS patients have blasts, they are usually much less than 20%. Erythroleukemia may cause similar features in erythroid precursors, but will have more than 20% blasts, as would megakaryocytic leukemia. Vitamin B12 deficiency could cause all of the peripheral blood abnormalities and the marrow findings with perhaps the exception of neutrophil nuclear bridging and 5% blasts.

Question 9

Answer: C

Explanation: The “high risk” organs are liver, spleen, and bone marrow. In the LCH-III study, the mortality was 12%, but over 40% needed additional treatments beyond vinorelbine (velban) and prednisone. Lung is no longer considered a high-risk organ. Patients with bone, skin, pituitary, and lymph node LCH are all cured. Those with only radiologic evidence of the neurodegenerative syndrome do not die of this.

Question 10

Answer: D

Explanation: Although patients with shock may have ferritin values up to 9,000, none of the patients with infections reviewed in the Allen article (“Highly Elevated Ferritin Is Specific and Sensitive for HLH”) had ferritin levels close to 10,000. The exceptions are obvious clinically in that patients post stem cell transplant with mucositis may have ferritins up to 46,700, and chronically transfused patients with poor chelation therapy may be in the 10,000 to 20,000 range.

Question 11

Answer: D

Explanation: There are elements of this child’s presentation that cross over all of the diagnoses listed. Although patients with LCH often have proptosis they don’t have subcutaneous nodules and their bone lesions are well-circumscribed and circular. Rhabdomyosarcoma is also a reasonable diagnostic consideration, but rarely causes nodules or bone lesions. Juvenile xanthogranulomas are rarely found behind the eyes, more likely in the sinuses or brain, and make visible cutaneous papules but no bone lesions.

Question 12

Answer: C

Explanation: The relative risk of this is controversial but is probably in the 2%–5% range. It is hypothesized that the cells from these lesions enter vascular pathways to the pituitary and hypothalmus (often causing diabetes insipidus) and then make their way to the cerebellum, pons, and basal ganglia. The few histologic investigations done in these patients show CD8+ lymphocytes, microglial proliferation, and nerve death leading to the symptoms of ataxia, dysmetria, dysarthria, and learning difficulties. Brain MRIs show T2 intense signal in the FLAIR images in the brain regions listed above.

Question 13

Answer: C

Explanation: A review of several studies of HLH patients reporting on the percentage of patients with hemophagocytosis in the marrow showed a range of 20% to 100% with most being in the 50% range. This variability is likely due to the varying tempo of the disease or perhaps the different etiologies (i.e., infectious versus genetic).

Question 14

Answer: D

Explanation: These tests are very sensitive for detecting decreased synthetic capacity of the liver and often are abnormal before liver enzymes and bilirubin are elevated. Of course, the albumin and protein also could be low if the child has chronic diarrhea from intestinal involvement. If that symptom is present, one should conduct endoscopy with biopsies to prove intestinal involvement. Liver involvement can be proven by biopsy, which may show CD1a+ cells infiltrating the liver or just lymphocytic infiltrates. A CT or ultrasound of the abdomen will demonstrate hypodense signal along the biliary tracts. 

Question 15

Answer: B

Explanation: There are five genes associated with HLH: MUNC13-4, STXBP2, RAB27A, STX11, and PRF1. Familial HLH is associated with homozygous defects in these genes, although the specific mutations carried by each parent may be different. It is rare that there will be compound heterozygous mutations in two of the associated genes although this has been reported. The question specifically avoided EBV-associated HLH to make the likelihood of SH2D1a (XLP-1) or the BIRC4 (XLP-2) gene defects likely. In the case of XLP-1, the gene is X-linked.

Question 16

Answer: A

Explanation: The phenomenon of normal-appearing lymphocytes harbored in the cytoplasm of CD68 macrophages is diagnostic of Rosai–Dorfman disease and is known as emperipolesis.
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1.
A 5-year-old girl is referred to your clinic for evaluation with hepatosplenomegaly and an abnormal peripheral blood smear. Her hemoglobin is 7.3 g/dl, white blood cell (WBC) count is 1,500 with 15% blasts, and platelet count is 20,000/μl. Cytogenetic analysis shows absence of one chromosome 7. What is the most likely diagnosis in this patient?

A.
Acute myloid leukemia (AML).

B.
Acute lymphoblastic leukemia (ALL).

C.
Myelodysplastic syndrome (MDS).

D.
Chronic myeloid leukemia (CML).

Answer: C

Explanation: Pancytopenia and less than 20% blasts in the marrow with a-7 (monosomy 7) cytogenetic finding are common indicators of MDS.

2. A 2-week-old with Down syndrome and hepatosplenomegaly is found to have circulating blasts. Which of the following is a risk factor for early death from transient myeloproliferative disorder (TMD)?



A. Peripheral white blood count = 20 x 109/L



B. Bone marrow karyotype demonstrates trisomy 21 in 100% of cells



C. Congenital heart defect



D. Alanine aminotransferase (ALT) = 1,000 IU/L



E.  Increased double-negative T cells

Answer: D

Explanation: TMD of Down syndrome ranges from clinically trivial to life-threatening, with early mortality in up to 20% of patients. Infants with high-risk TMD are characterized by hyperleukocytosis (wbc > 100 x 109/L); liver failure  with severe liver dysfunction including disseminated intravascular coagulation, highly elevated bilirubin, highly elevated transaminases, and cardio-respiratory compromise associated with pericardial and pleural effusions not due to primary heart disease. The risk groups noted in the COG A2971 study identified factors for early death that may benefit from low-dose cytarabine to reduce cell burden. Treatment with low-dose cytarabine does not appear to decrease probability of eventually developing AML. Double-negative T cells are associated with autoimmune lymphoproliferative syndrome (ALPS), and likely would not be observed in this patient.

3.
A 2-week-old with Down syndrome and hepatosplenomegaly is found to have circulating blasts, and leukemia is suspected. The bone marrow aspirate is not consistent with acute lymphoid leukemia. Which of the following FAB type is most likely?

A.
M6 erythroleukemia

B.
M1 AML with differentiation

C.
M7 acute megakaryocytic leukemia

D.
M5 monocytic leukemia

E.
M4 myelomonocytic leukemia

Answer: C

Explanation: Children with Down syndrome have a 10–100-fold increased incidence of acute leukemia over non-Down syndrome patients, and the ratio of ALL to AML in children with Down syndrome is 4:1. Megakaryocytic leukemia is the most frequent type of myeloid leukemia with a 400-fold excess risk.

4.
The inpatient consult team is asked to see a 14-month-old girl who has been admitted to another service with pallor, fever, skin rash, lymphadenopathy, and hepatosplenomegaly. She has many myeloid precursors in the peripheral smear, a WBC count of 100,000/μl, monocytosis of 1 X 109/L, and increased fetal hemoglobin for age.  What test can be used to differentiate juvenile myelomonocytic leukemia (JMML) from AML?

A.
Cytology of bone marrow aspirate

B.
Hypersensitivity to GM-CSF

C.
EBV qPCR

D.
Targeted sequencing of BRAF

E.
Splenomegaly on ultrasound

Answer: B

Explanation: Myeloblasts, splenomegaly, and elevated lactate dehydrogenase (LDH) are common to AML and JMML. However, in JMML, monocyte proliferation is hypersensitive to GM-CSF in vitro. JMML patients may have blasts (rarely over 20%) in the bone marrow, most often with normal cytogenetics. BRAF mutations typically are not identified in AML or JMML.

5.
The molecular pathogenesis of JMML is linked with activation of MAPK pathway through mutations in which gene?

A.
AML/RUNX1

B.
BCR/Abl

C.
GATA1

D.
NRAS

E.
Myc/IgG light chain

Answer: D

Explanation: The University of California, San Francisco group has written several landmark papers showing that activation of MAPK pathway through somatic mutations of PTPN1, NRAS, or KRAS in 60% of JMML patients. Children with neurofibromatosis (germline mutation in NF1) or Noonan syndrome (NS) or Noonan-like syndrome (germline mutations in PTPN11, KRAS2, or CBL) also are at increased risk of developing JMML.

6.
PTPN11 mutations have been identified in approximately 40% of patients with NS. Patients with the mutation almost always have cardiovascular anomalies and hematologic abnormalities. The patients develop JMML, which frequently: 

A.
foes into spontaneous remission

B.
becomes true AML

C.
is characterized by thrombocytopenia lasting years

D.
is characterized by chronic neutropenia

Answer: A

Explanation: Children with NS are at increased risk of developing JMML or a myeloproliferative disorder (MPD) associated with NS (MPD/NS) resembling JMML in the first weeks of life. Whereas JMML is an aggressive disorder requiring hematopoietic stem cell transplantation, MPD/NS may resolve without treatment and cases with spontaneous remission also have been reported.

7.
A 5-year-old boy presents with pallor, fatigue, and low grade fevers. His physical exam showed minimal splenomegaly, petechiae, and no adenopathy. Laboratory data include a hemoglobin of 6 and mean corpuscular volume (MCV) of 102, WBC 2,000, and platelets of 40,000. His bone marrow aspirate shows bizarre megaloblastic erythroid cells with abnormal maturation of the nuclei, dysplastic megakaryocytes, and nuclear bridging of the neutrophils with 5% blasts. What is the most likely diagnosis?

A.
Aplastic anemia

B.
Vitamin B12 deficiency

C.
MDS

D.
Acute megakaryocytic leukemia

E.
Erythroleukemia

Answer: C

Explanation: MDS causes all of the bone marrow findings listed for this patient. Although some MDS patients have blasts, they are usually much lower than 20%. Erythroleukemia may cause similar features in erythroid precursors, but will have blasts higher than 20%, as would megakaryocytic leukemia. Vitamin B12 deficiency could cause all of the peripheral blood abnormalities and the marrow findings with the exception of neutrophil nuclear bridging and 5% blasts.

 8.
A 2-year-old presents with increased thirst and urination along with a new limp. An X ray identifies multiple lytic bone lesions in the pelvis and right femur. Biopsy of the femur identifies large CD207+ cells among an inflammatory infiltrate. Which of the following indicates increased risk of death for this patient?

A.
Skull lesions noted on brain MRI

B.
Patient is < 5% on growth curve

C.
Multiple CD1a+ cells on femur biopsy 

D.
EBV IgG+

E.
PET-avid lesions noted in liver

Answer: E

Explanation: This vignette describes an infant with Langerhans cell histiocytosis (LCH), defined by lesions including CD207+/CD1a+ histiocytes (or dendritic cells) and inflammatory cells. Increased thirst and urination may arise in a child with diabetes insipidus due to pituitary infiltration. The high-risk organs are liver, spleen, and bone marrow based on increased risk of mortality for children with LCH lesions at these sites. In the LCH-III study, the mortality was 12% for children with high-risk organ involvement, and over 40% needed additional treatments beyond vinorelbine (velban) and prednisone. The lung is no longer considered a high-risk organ. Patients with high- and low-risk LCH are at risk of long-term consequences, including endocrinopathies leading to growth failure. Epstein-Barr virus (EBV) exposure is not related to clinical outcomes in LCH.   

 9.
An 18-month-old female presents with a weak history of fever and rapid progression of multisystem organ failure. Infectious evaluations to date are negative. She is in the ICU with progressive respiratory distress and hemodynamic instability. Ferritin is 25,000 ug/L. The family history includes the early death of a child by uncertain cause. Which of the following would support initiation of dexamethasone and etoposide?



A.  Blasts on bone marrow aspirate



B.  Absent perforin expression in lymphocytes



C.  Elevated LDH



D.  Biallelic HFE mutations



E.  EBV IgM+

Answer: B

Explanation: This patient has clinical presentation and very highly elevated ferritin, concerning for hemophagocytic lymphohistiocytosis (HLH). HLH is a syndrome of extreme immune activation. A 2004 HLH study included patients with at least five of the following symptoms: fever, elevated ferritin, hemophagocytosis in bone marrow biopsy/aspirate, splenomegaly, cytopenias, elevated triglycerides/decreased fibrinogen, elevated sIL2R and absent NK cell function. Children with inherited defects of genes that regulated cytotoxic NK and T cell function, including PRF1 (encoding perforin) are at risk for HLH and require urgent immune suppression. The current standard of care for such patients is etoposide/dexamethasone according to the HLH-94 protocol. LDH is elevated in HLH, but not a specific biomarker. HFE mutations are associated with hemochromatosis, which can cause increased ferritin levels without associated hyper-inflammation. EBV can be a trigger for HLH, but exposure occurs in most healthy children as well.

10.
An 8-year-old boy presents with a 6-month history of progressive proptosis of his left eye. When you examine him you discover subcutaneous nodules on his back and abdomen. A skeletal survey shows some linear lytic lesions in his left humerus and in both femurs. What is the most likely diagnosis?

A.
LCH

B.
Rhabdomyosarcoma

C.
Juvenile xanthogranuloma

D.
Rosai–Dorfman disease

E.   Erdheim-Chester disease

Answer: D

Explanation: There are elements of this child’s presentation that cross over all of the diagnoses listed. Although patients with LCH often have proptosis, they typically don’t have subcutaneous nodules, and their bone lesions are well-circumscribed and circular. Rhabdomyosarcoma also is a reasonable diagnostic consideration, but rarely causes nodules or bone lesions. Juvenile xanthogranulomas are rarely found behind the eyes, more likely in the sinuses or brain, and make visible cutaneous papules but no bone lesions. Erdheim-Chester disease is a rare histiocytic disorder of adults with extensive lesions with CD163+ histiocytes. Biopsy of a lesion from this patient would likely be negative for CD1a, CD207, and CD163. Emperipolesis is a characteristic finding for Rosai-Dorfman disease, where viable lymphocytes traffic through histiocytes.

11.
LCH patients who have lesions of the orbit, temporal bone, or mastoid have a higher incidence of diabetes insipidus than patients with skull lesions in other locations. Which of the following is a long-term risk for these patients?

A.
Chronic infections 

B.
Brain tumors

C.
Neurodegenerative syndrome

D.
Scalp rashes

E.   Hyperglycemia

Answer: C

Explanation: The relative risk of neurodegenerative syndrome is controversial, and likely in the 5% range. Etiology of LCH-associated neurodegeneration is not known. This progressive deterioration can arise years after a patient is presumed to be cured from LCH. The few histologic investigations done in these patients show CD8+ lymphocytes, microglial proliferation, and nerve death leading to the symptoms of ataxia, dysmetria, dysarthria, and learning difficulties. Brain MRIs show T2 intense signal in the FLAIR images in the brain regions listed above. The other answers are not associated with LCH risk lesions. Note that “diabetes insipidus” can easily be confused with “diabetes mellitus” on test day.

12.
A 2-month-old infant is brought to your clinic with an extensive scaly rash on the scalp that has been biopsied and shown to be LCH. You want to determine whether this patient has skin-only LCH or involvement of any of the high-risk organs. The child has a normal complete blood count (CBC), normal liver enzymes and bilirubin, and normal skeletal survey, skull films, and chest X ray. What other screening test will be important for determining involvement of a high-risk organ?


A.   Reticulocyte count

B.
Erythrocyte sedimentation rate

C.
Alkaline phosphatase

D.
Serum albumin and total protein

E.   BRAF-V600E mutation testing

Answer: D

Explanation: These tests are very sensitive to detecting decreased synthetic capacity of the liver and often are abnormal before liver enzymes and bilirubin are elevated. The albumin and protein also could be low if the child has chronic diarrhea from intestinal involvement. If that symptom is present, conduct endoscopy with biopsies to prove intestinal involvement. Liver involvement can be proven by biopsy, which may show CD1a+ cells infiltrating the liver or just lymphocytic infiltrates. A computed tomography (CT) scan or ultrasound of the abdomen will demonstrate hypodense signal along the biliary tracts. BRAF-V600E is mutated in 50%–65% of LCH cases. It is not certain if specific mutations arise more frequently in high-risk versus low-risk LCH, but presence or absence of this mutation would not differentiate clinical risk in a single patient.

13.
A female infant is diagnosed with HLH not associated with an EBV infection. The family history reveals that a female infant died of HLH 2 years ago. Also, a newborn female child died of an unknown disease 4 years prior and was said to have been bleeding profusely, jaundiced, and had a distended abdomen. In counseling the family about the genetics of HLH, you explain that the family inheritance is most consistent with:

A.
an X-linked syndrome

B.
an autosomal recessive syndrome

C.
a dominant inheritance syndrome

D.
an autosomal recessive syndrome with incomplete penetrance

Answer: B

Explanation: Inherited mutations in genes associated with cytotoxic NK and T cell function, including MUNC13-4, STXBP2, RAB27A, STX11, and PRF1, are associated with HLH. Familial HLH is associated with homozygous defects in these genes, although the specific mutations carried by each parent may be different. It is rare that there will be compound heterozygous mutations in two of the associated genes, although this has been reported. A family history of boys and girls with HLH makes SH2D1a (XLP-1) or the BIRC4 (XLP-2) gene defects less likely. 

14.
You are reviewing the lymph node biopsy of a child suspected of having a histiocytic disease with your pathologist. She notes the hematoxylin and eosin (H&E) stain shows large cells with pink cytoplasm with normal lymphocytes in the cytoplasm. The cells are CD1a negative, fascin negative, and CD68 positive. What is the diagnosis?

A.
Rosai–Dorfman disease

B.
Juvenile xanthogranuloma 

C.
Hemophagocytic lymphohistiocytosis

D.
LCH

E.
Reactive lymphadenopathy

Answer: A

Explanation: The phenomenon of normal-appearing lymphocytes trafficking through the cytoplasm of CD68+ histiocytes is a characteristic of Rosai–Dorfman disease and is known as emperipolesis.

 15.  A 3-year-old girl is admitted to your ICU with rapid clinical deterioration following a week of fever, splenomegaly, and cytopenias of uncertain etiology. Hemophagoyctosis is noted on bone marrow aspirate. An astute medical student notes a silvery tinge to the hair color of this Middle Eastern child. What is the most likely cause of her HLH?

A.    Toxic exposure

B.    Inherited defects in RAB27A
C.    Primary EBV infection

D.    Leishmaniasis

E.     Inherited defects in SH2D1A
Answer: B

Explanation: This history is consistent with HLH associated with biallelic RAB27A mutations, or Griscelli syndrome. RAB27A plays roles in both melanocyte processing in hair as well as cytotoxic function of T cells. Toxic exposure, EBV infection, and leishmania infection can be triggers for HLH, but are not specific to this clinical scenario.  SH2D1A mutations are associated with X-lined lymphoproliferative disease, which is less likely in this female patient.
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