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1.  A one year old girl presents with a history of scaly, yellowish scalp rash since birth that is biopsied and found to be Langerhans cell histiocytosis. In your evaluation you have found that she has no involvement of the liver, spleen, bone marrow or lung, but does have a single lytic lesion in the skull.  You can tell the parents that their daughter will:

a. *Have a nearly 100% chance of survival

b. Is likely to develop disease in the liver, lung, bone marrow, or spleen

c. Should receive only a short course of prednisone to treat the LCH

d. VP-16 is a good choice of therapy

e. Not likely have other bone lesions


2. Your are consulted on a child with a rash that looks like Langerhans cell histocytosis to you, but the referring pediatrician thought it was:

a. Kawaski disease

b. Erythema multiforme

c. Pityriasis rosea

d. *Candida

e. Staphylococcal scalded skin syndrome

3. You are asked to see a patient in the intensive care unit about a child on a respirator whose hemoglobin is 7.0 gm/dl, WBC 1,200 /ul, platelets 23,000/ul, AST 500, ferritin 20,000, PT 18 sec., PTT 40 sec., fibrinogen 70, triglycerides 370.  The most likely diagnosis is:

a. Langerhans cell histiocytosis

b. Rosai-Dorfman syndrome

c. Hepatoblastoma

d. Germ cell tumor

e. *Hemophagocytic lymphohistiocytosis

4.Defective Natural Killer Cell functioin is a primary abnormality found in hemophagocytic lymphohistiocytosis (HLH). The gene that is most often defective is:

a. Elastase

b. NADPH oxidase

c. SAP (SLAM)

d. *Perforin

e. Myeloperoxidase

5. Patients with Langerhans cell histiocytosis in the temporal, orbital, or mastoid bones have up to a 40% incidence of:

a. *Diabetes insipidus

b. Growth failure

c. Precocious puberty

d. Parenchymal brain disease

e. Behavior abnormalities


6.  A  5 year old boy with a one month history of anemia unresponsive to iron and falling WBC comes to your clinic.  When you examine him there is no adenopathy, hepatomegaly, or splenomegaly.  The peripheral smear has some abnormal myeloid precursors so a bone marrow aspirate is done that shows 15% myeloid blasts. The biopsy is hypocellular  As you await cytogenetic data you are expecting that your final diagnosis will be:

a. Acute myeloid leukemia

b. Kostman’s syndrome

c. Benign neutropenia

d. *Myelodysplastic syndrome

e. Parvovirus infection

7. A 2 year old girl is admitted to your service with a white count of 25,000/ul, a large liver and spleen. You are having some trouble deciding if the patient has juvenile myelomonocytic leukemia (JMML) or myelodysplastic syndrome.  A useful piece of data to help you decide it is JMML will be:

a. Abnormal cytogenetics 

b. *Normal cytogenetics

c. CD14+/CD15+/CD33+ clone

d. CD14-/CD15+/CD33+ clone


8.  Myelodysplastic syndromes are often found along with morphologic syndromes such as Fanconi anemia, Down syndrome, dyskeratosis congenital and:

a. Hunter’s syndrome

b. Achodrogenesis

c. *Bloom Syndrome

d. Rothmund-Thomson Syndrome


9. A 16 year old female with lethargy, headaches and plethora comes for evaluation.  On physical examination she is hypertensive and has a large spleen .  Her CBC shows a  hemoglobin of 20 gm/dl, WBC 13,000/ul, and platelets 400,000/ul. To confirm the diagnosis of polycythemia vera you need:

a. A normal hemoglobin electrophoresis

b. *A normal P-50 measurement

c. A high erythropoietin level

d. A low erythropoietin level


10. You are asked to consult on a child with a platelet count of 900,000/ul.  He has a normal hemoglobin, and no infectious, surgical, inflammatory, drug-associated, or other underlying cause that you can define by history or physical exam.  The marrow shows increased megakaryocytes but other abnormalities. To confirm the diagnosis of essential polycytemia the child must have:

a. A normal hemoglobin electrophoresis

b. Normal liver enzymes

c. *Normal iron stores

d. Normal erythropoietin
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1. Which of the following myelodysplastic syndromes is most highly associated with a risk of transforming to AML?

a. Refractory anemia with ringed sideroblasts 

b.  Refractory anemia 

c. Macrocytic anemia with 5q deletion 

d. d.      *Refractory anemia with multilineage dysplasia

Explanation. All of the first three findings are those of patients with low risk of developing AML, even the 5q deletion group.  Patients with refractory anemia with multilineage dysplasia are those who also have excess blasts and clearly are at higher risk to progress to AML.



 

2. 2.      Myelodysplastic syndromes can be found along with other hematologic problems including:
a. Immune thrombocytopenic purpura

b. *Platelet storage pool defect – Not terribly common

c. autoimmune lymphoproliferative syndrome (ALPS)

d. hemolytic anemia

Explanation: Several patients with platelet storage pool defects have developed MDS.  There is no association of MDS with ITP, ALPS, or hemolytic anemia



3.  When comparing JMML patients to pediatric patients with AML or MDS which of the following statements best categorizes JMML?

a. JMML patients are usually older than 2, infrequently have hepatosplenomegaly, but do have lymphadenopathy

b JMML patients are younger than 2, frequently have hepatosplenomegaly, and rarely lymphadenopathy

c. JMML patients are older than 2, frequently have hepaosplenomegaly and lymphadenopathy

d. *JMML patients are younger than 2, frequently have hepatosplenomegaly and lymphadenopathy

Explanation: When comparing large series of patients with JMML, AML, and MDS the JMML patients are most often close to 1 year of age and have very prominent organomegaly and lymphadenopathy.   These clinical findings vary with AML patients, who are usually older than 2.  MDS patients also tend to be older than two and have less organomegaly and lymphadenopathy. 

 

4. You are following a Down Syndrome baby with the Transient Myeloproliferative Disorder in your clinic.  The peripheral megakaryoblasts are spontaneously disappearing and the organomegaly is reduced.  In the future what laboratory finding would increase your suspicions that this child was developing acute megakaryocytic leukemia?
a. Lymphocytosis
b. Microcytic anemia
c*Chronic thrombocytopenia
d. Monocytosis


Explanation:  Among the associated hematologic findings of TMD patients who are progressing to acute megakaryocytic leukemia the correct answer in this list is chronic thrombocytopenia has been found.  However, thrombocytosis is also a well known association. Monocytosis is a feature of JMML.



5. A 7 year old boy is evaluated in your clinic for a platelet count over 1 million. He has no hepatosplenomegaly, rashes, lymphadenopathy or physical features of any syndrome.  His other blood counts are normal, but you do a bone marrow aspirate to make certain you make the correct diagnosis. Which of the following marrow findings is most important in securing the diagnosis of essential thrombocytosis?
a. Increased megakaryocytes
b. Erythroid hyperplasia
c. *Normal cytogenetics – Not really a bone marrow finding per se
d. Decreased iron stores

Explanation: Although this is a young boy with no physical findings that might lead you to suspect CML it is best to do a bone marrow aspirate to look at the morphology and also establish by cytogenetic tests there is no clone of cells with the t9;22.  Increased megakaryocytes will likely be found, but you want to make certain there is no abnormal clone hiding in the marrow.  Erythroid hyperplasia is not a feature of essential thrombocytosis.  Decreased iron stores would suggest iron deficiency as a cause of the thrombocytosis.



6. A girl in your long-term survivor clinic had Langerhans cell histiocytosis of the mastoid treated with only steroid injections 10 years ago.  Five years ago she developed diabetes insipidus.  Which of the following symptoms do many of such patients develop?
a. Loss of vision
b. *Ataxia
c. Taste disturbance
d. Memory loss

Explanation:  Patients with  LCH “CNS Risk” lesions of the mastoid, orbit, and temporal bone have a 40% incidence of developing diabetes insipidus (D.I.) when treated with only a single agent, but 20% if treated with 6 months of vinblastine and prednisone.  Of all patients who develop D.I. 50% will develop other endocrinopathies and 50% will develop CNS LCH that is usually manifest by the neurodegenerative syndrome characterized by ataxia, dysarthria, and behavior changes. (Ref for the second part of this statement should be included….these data would appear to be biased and selected?)  Their memory is not drastically (what’s this mean?) affected.  Disturbance of the visual tract or taste has not been reported.



7. Patients with “High Risk” (Not a commonly used risk group stratification term – isn’t Multisystem Disease with Risk Organ involvement” preferred?)  Langerhans cell histiocytosis include those whose disease is in:
a. Skin, bone, pituitary
b Skin, bone, lymph nodes
c. Skin, lymph nodes, several bones, and pituitary
d. *Skin, spleen

Explanation: “High Risk” LCH is defined by involvement of the spleen, liver, lungs, and bone marrow.  The patients may also have one or more of these systems plus bone, skin, nodes, and pituitary.  Essentially 100% of patients with low risk LCH are cured.  Of those in the High Risk category response to treatment at 6 weeks is an important prognostic variable.  A poor response at that time is associated with a 60% mortality.



8. A two year old girl is in the PICU on a respirator after a 4 day history of high spiking fevers, rash, and mental status changes.  Her physical exam shows pallor, many bruises, bleeding form venipuncture sites, and prominent hepatosplenomegaly,  She has pancytopenia, an abnormal PT/PTT, elevated liver enzymes and a very high LDH.  Your differential diagnosis includes sepsis, hepatitis, leukemia, and the hemophagocytic lymphohistiocytosis (HLH).  A bone marrow aspirate is done to differentiate between the latter two. If only a hypocellular marrow is found which two other tests would help you make the diagnosis of HLH?
a. Elevated serum ferritin and EBV titers
b.*Elevated serum ferritin and low NK cell function 

c. Low serum ferritin and  high NK cell function
d. Low serum ferritin and elevated EBV titers

 

Explanation:  This patient has signs and symptoms that could be from any of the 4 diagnoses listed.  However, you are focusing on the latter two and are disappointed that the marrow morphology did not give you the diagnosis immediately.   Since no blasts were found it is unlikely the patient has leukemia, but you may repeat the procedure.  Twenty percent of HLH patients do not have obvious hemophagocytosis in the marrow, even on repeated specimens.  The serum ferritin is often extremely high in HLH (>10,000) and can be a helpful marker when one has no suspicions of underlying rheumatologic disease (associated with the macrophage activation syndrome) or chronic transfusions.  The NK cell function is low in most HLH patients.  This test is usually sent to a reference lab and results may not be available for several days.  Thus, the clinician is often forced to decide if the patient fits sufficient clinical and laboratory criteria to make the diagnosis and initiate treatment.  Since this patient is already on a respirator it would probably be best to start treatment for HLH.



 

9. 9.      The best results of treating patients with Hemophagocytic lymphohistiocytosis (HLH) occur when combining dexamethsone and cyclosporine with:
a. cytoxan
b IV immunoglobulin
c. *etoposide
d. vinblastine

Explanation: The HLH-94 and HLH-2004 protocols both use dexamethasone, cyclosporine, and etoposide.  Reported results from the HLH-94 study show an overaly 55% +/-9% survival rate.  Etoposide is a critical drug for this protocol because it causes apoptosis of the macrophages responsible for the hemophagocytosis and the lymphocytes that contribute to the “cytokine storm” of which interferon gamma is most important.  Cytoxan has never been considered a standard treatment for HLH.  IV immunoglobulin has been used and may work in patients with the macrophage activation syndrome, but is not effective for the very sick patients with HLH.  Vinblastine is used for LCH, not HLH>



10. The histiocytic syndromes include Langerhans cell histiocytosis, hemophagocytic lymphohistiocytosis, and sinus histiocytosis with massive lymphadenopathy (Rosai-Dorfman Syndrome – Not a dendritic cell disorder?).  Each is distinct because of the primary dendritic cell type that resides in the lesions although a mixture of leucocytes can be found in all diagnostic specimens.  What common histopathologic feature can be found in all three diseases?
a. Fibrosis
b. Bean-shaped nuclei
c. *Hemophagocytosis
d. Smudge cells

Explanation:  Macrophages are part of the mixture of cells in all three diseases and are the cells responsible for hemophagocytosis.  In some LCH patients with extensive marrow infiltration by Langerhans cells there seems to be activation of the macrophages and these LCH patients present with features similar to HLH.  The diagnostic feature of Rosai-Dorfman syndrome is phagocytosis of lymphocytes by macrophages.(more commonly this is emperipolesis….thought this was not true Hemophagocytosis?)  Bean-shaped nuclei are characteristic of Langerhans cell histiocytosis.  Fibrosis and smudge cells are not consistent findings in any of the three histiocytic diseases listed.
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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 an absence of one chromosome 7. The most likely diagnosis in this patient is:


A.
AML


B.
ALL


C.
MDS


D.
CML

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

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


A.
Remission induction is superior in MDS patients.


B.
Failure of inductions is no different.


C.
Frequency of death is less in MDS patients.


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

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; failure: 32% in MDS, 15% in AML; death: 11% in MDS and 6% in AML; 5-year overall survival: 33% in MDS versus 47% in AML.

3.
Transient abnormal myelopoiesis in Down syndrome infants may resolved 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

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; 14 (50%) died. Most of these people had 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 

Explanation: Children with Down syndrome have a 10-100 fold increased incidence of acute leukemia over nonDown syndrome patients. The ratio of ALL: AML in Down syndrome children is 4:1. Megakaryocytic leukemia is overwhelmingly the most common type of myeloid leukemia, with a 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 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.
JMML

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.

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


A.
AML/RUNX1


B.
BCR/Abl


C.
GATA1


D.
Ras


E.
Myc/IgG light chain

Answer: D

Explanation: Shannon et al. have written several landmark papers showing that activation of Ras is central to JMML, especially K-Ras2 and N-Ras. JMML patients also have frequent deletions of NF1, which is a negative regulator of Ras signaling.

7.
A gain of function mutation in which signaling pathway is commonly found in polycythemia vera and familial thrombocytosis:


A.
HER2/neu


B.
Janus Kinase 2 (JAK 2)


C.
fyn

D.
lyk

E.
EGFR

Answer: B 

Explanation: A number of studies on JAK2 mutations in myeloproliferative diseases have shown that on average 80% of polycythemia vera and 35% of essential thrombocytosis patients have valine-to-phenylalanine substitution at position 617 in the JH2 domain of JAK2. This is a gain-of-function mutation that releases the normal inhibitory function of JH2, leading to a constitutively active JAK2 tyrosine kinase.

8.
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 multisystem versus single-system patients can best be categorized as:


A.
More in the multisystem patients and less in the single system patients at 1 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 1, 2, and 5 years after stopping therapy


D.
More in the single-system patients since they usually have had less-intense therapy

Answer: C

Explanation: 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 was 1 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 versus 50% on the other two studies. The risk of a second reactivation at 1 year was 35% for single-system patients and 32% for multisystem patients. At year 2, the percentages were 13% and 12%, and at 5 years 3% and 9%, respectively.

9.
A ferritin over 10,000 μg/L is 90% sensitive and 96% specific for HLH. 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 who represent which one of the following categories often have ferritin levels in the range of levels seen in HLH patients?


A.
Viral infection


B.
Bacterial infection


C.
Stem cell transplant


D.
Solid organ transplant

Answer: C

Explanation: Although ferritin is an acute-phase reactant elevated in many infections, 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 5,550 μg/L. Shock has maximum values around 9,000 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.

10.
A well-appearing 2-year-old boy has bilateral cervical adenopathy measuring 8 cm x 6 cm and his liver and spleen are normal. His temperature is 100 ºC, hemoglobin is 8 gm/dl, MCV is 70 with normal WBC and platelet count, and ESR of 80 mm/hr. His ferritin, iron level, and transferrin are normal. His clinical condition does not change for 3 weeks. The most likely diagnosis is:


A.
LCH


B.
Rosai Dorfman disease


C.
HLH


D.
Juvenile xanthogranuloma

Answer: B

Explanation: 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 (RDD) 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).
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2. 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


Explanation:  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


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 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 resolve spontaneously, but approximately 25% of these patients die in infancy and childhood.  The leading cause of death outside of the neonatal period is:

a.
Liver failure

b.
Thrombosis

c.
Megakaryocytic leukemia*

d.
Cardiac failure

Answer C

Explanation:  In Homans’ review of TAM 10/95 (11%) of patients died in the first few months with non-malignancy associated conditions: heart failure, hyperviscosity, sepsis, and “crib death”.   Of the patients who survived the initial event, twenty-eight patients later developed leukemia of which 14 (15% of the original 95 patients) died.  The average age of onset of leukemia was at age 16 months.  Most of these had acute megakaryocytic leukemia. 

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.  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.  


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 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. 

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.



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. 

Explanation:  Shannon, et al have written several landmark papers showing that activation of Ras genes (PTPN1,N RAS and KRAS) occurs in 60% of JMML patients:.  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 mutation almost always have cardiovascular anomalies and hematologic abnormalities.  The patients may 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, as cases with spontaneous remission have 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, greater than 9% monocytes, greater than 2% peripheral blasts, platelets less than 50,000/µl, elevated fetal hemoglobin for age, and monosomy 7 at presentation) had an “AML-like” gene expression profile.

9.  A gain of function mutation in which signaling pathway is commonly found in polycythemia vera and familial thrombocytosis:

a. HER2/neu
b. *Janus Kinase 2 (JAK 2)
c. fyn
d. lyk
e. EGFR

Answer: b Janus Kinase 2.
A number of studies on JAK2 mutations in myeloproliferative diseases have shown that on average 80% of polycythemia vera and 35% of essential thrombocytosis patients have valine to phenylalanine substitution at position 617 in the JH2 domain of JAK2.  This is a gain-of-function mutation which releases the normal inhibitory function of JH2 leading to a constituitively active JAK2 tyrosine kinase.

10.  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 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.

11.  A ferritin level of greater than 10,000 μg/L is 90% sensitive and 96% specific for hemophagocytic lymphohistiocytosis (HLH) and when combined with 4 of 7 other diagnostic criteria, this level of ferritin can be a powerful indicator for the diagnosis of HLH.  However, an elevated ferritin level may be found in patients with many other conditions.  Patients with  which one of the following conditions often has ferritin 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 level rarely exceeds 7,000 μg/L and in fact the median level is 1,120 μg/L for in patients with viral infection and 972 μg/L for those with bacterial infection.  HLH has a median ferritin value of 15,830 μg/L , an admission value maximum of 63,919 μg/L and maximum value any time before treatment of 189,721 μg/L .  The extensive mucositis in patients undergoing stem cell transplantation 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 that any patient with a ferritin over 10,000 μg/L or in whom the ferritin level is steadily rising should be fully evaluated for HLH.

12. A well-appearing two year old boy has bilateral cervical adenopathy measuring 8 X 6 cm.  Liver and spleen are normal.  His temperature is 100ºC, hemoglobin is 8gm/dl, with an MCV 70 fL;  WBC and platelet count are normal and ESR is 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 remained so for several months, 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.)

13.  LCH patients who have lesions of the orbit, temporal bone or mastoid have a higher incidence of diabetes insipidus than 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 syndrome
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.


14.  The diagnostic criteria for Hemophagocytic Lymphohistiocytosis include: fever, hepatosplenomegaly, decrease in two cell lines, elevated triglycerides, elevated ferritin, elevated interleukin 2 receptor, decreased NK cell function and histopathological evidence of hemophagocytosis.  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.

15. 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 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

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.
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3. 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?

f. M6 Erythroleukemia

g. M1 Acute myloid leukemia with differentiation

h. *M7  Acute megakaryocytic leukemia

i. M5 Monocytic leukemia

j. 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?

e. Tyrosine kinase inhibitors

f. *AML-like

g. CML-like

h. 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.)

16.  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.


17.  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.

18. 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.




19. 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.

20. 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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