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1.
A ten-year-old girl presents with headaches and ataxia.  A solid tumor (mural nodule) with a large associated cyst within the cerebellum is noted on MRI and is completely resected as confirmed by postoperative imaging.  

What is the most appropriate management for the patient at this point?


a.
Spinal MRI and lumbar puncture for CSF cytopathology


b.
Conformal radiation therapy to the posterior fossa


c.
Observation with interval examinations and periodic CNS 


imaging


d.
Craniospinal radiation therapy with additional radiation therapy to the 


tumor bed followed by adjuvant chemotherapy

2.
A 15-year-old boy presents with clinical and laboratory findings consistent with diabetes insipidus.  An MRI reveals two abnormalities, one in the pineal region and a second in the suprasellar region.  CSF markers for beta-HCG and alphafetoprotein are negative and cytopathology of the same fluid is negative for tumor.

What is the most likely diagnosis?


a.
Germinoma


b.
Nongerminomatous germ cell tumor


c.
Langerhans Cell Histiocytosis


d.
Pineoblastoma with spread to the pituitary


e.
Multifocal glioma

3.
An eight-year-old boy is referred after his primary pediatrician detects right sided 6th and 7th nerve palsies. An MRI is obtained.  The MRI reports that there is a focal, exophytic, contrast enhancing mass in the region of the pons.  The pons appears “pushed” to the side.  The basilar vasculature is not involved.

If a biopsy were obtained of the mass, what would it likely show?


a.
Fibrillary astrocytoma, high-grade


b.
Ependymoma


c.
PNET (Primitive Neuroectodermal Tumor)


d.
Pilocytic astrocytoma


e.
Nonneoplastic condition

4.
A five year old child is noted to have 6 café-au-lait spots and a cousin who was recently diagnosed with NF-1.  He is otherwise healthy.  The parents, who have “surfed” the internet, are concerned about the risk of CNS tumors.

What is the next intervention you would recommend?


a.
Routine physical examinations only


b.
Examination by an ophthalmologist


c.
MRI of the brain to assess for vestibular schwannomas or 



meningiomas


d.
Genetic testing to confirm the diagnosis

5.
A 6-year-old child has a history of bilateral retinoblastoma treated in infancy with chemotherapy and enucleation of one eye.  She has done well since that time.  Recently, she has begun complaining of headaches.  On your physical examination, you note that she is unable to gaze above the midline.  You order an MRI.

What would you anticipate finding?


a.
A mass at the Foramen of Monro obstructing CSF flow


b.
A mass in the pineal region partially obstructing CSF flow at the 

level of the 3rd ventricle


c.
A mass at the optic chiasm


d.
A cerebellar mass causing partial obstruction at the level of the 4th 


ventricle


e.
Progression of retinoblastoma in the globe of the intact eye

6.
A 7 year-old child presents with mild ataxia, and bilateral 6th nerve palsies.  An MRI is obtained which demonstrates diffuse enlargement of the pons with minimal contrast enhancement.  The basilar artery is encased.  You meet with the parents to discuss prognosis and treatment options.

What do you tell the parents?


a.
The absence of contrast enhancement suggests a low-grade glioma 


with a good prognosis


b.
Surgical resection is the first step in treatment for pontine 



decompression and pathologic diagnosis


c.
Diffuse involvement of the pons is rarely related to neoplasm and 


more likely related to an infectious process or acute disseminated 


encephalomyelitis (ADEM)


d.
Radiation therapy will provide transient control of neurologic 


symptoms but the disease is generally fatal.
7.
A 6 month-old child presents with an extremely large supratentorial mass.  The mass is both solid and cystic with subtle areas of calcification.  Three weeks following initial “gross-total” resection, the tumor has largely regrown to its original size.  The pathologist are concerned about the possible diagnosis of an atypical teratoid/rhadboid tumor (AT/RT)

What abnormality might be anticipated during molecular diagnostics?


a.
Deletion or mutation in the hSNF5 (INI1) gene


b.
c-Myc overexpression


c.
Trk-C overexpression


d.
bcl-2 deletion or mutation


e.
No specific molecular signature

8.
A 9 year old girl presents with a single, midline cerebellar mass.  The tumor is completely resected at the time of surgery and pathology confirms medulloblastoma.  Spinal MRI and CSF cytopathology are negative.  On this basis, the patient is classified as having standard-risk disease.

Current standard-of-care treatment for this patient would include:


a.
Radiation therapy only


b.
No further treatment given the complete resection


c.
Radiation therapy to the craniospinal axis with boost therapy to 

the posterior fossa followed by adjuvant chemotherapy


d.
Radiation therapy to the posterior fossa only followed by adjuvant 


chemotherapy


e.
Chemotherapy without radiation therapy

9.
A 14 year-old patient carries a diagnosis of tuberous sclerosis.  Recently, he has been complaining of headaches with intermittent vomiting.  MRI reveals a mass centered at the Foramen of Monro with obstructive hydrocephalus

Following surgery, pathology is likely to reveal:


a.
Desmoplastic infantile ganglioglioma (DIG)


b.
Supratentorial PNET


c.
Nonneoplastic hamartomatous lesion


d.
Anaplastic astrocytoma


e.
Subependymal giant cell astrocytoma (SEGA)

10.
A 7-year old boy presents with precocious puberty characterized by pubic hair development, testicular and penile enlargement.  CT scan of chest, abdomen and pelvis are normal.  MRI of the brain reveals a small enhancing mass in the pineal region

The appropriate diagnostic study at this point would be:

a. MRI of spine

b. Lumbar puncture for tumor markers and cytopathology

c. Stereotactic biopsy of the mass

d. Craniotomy for definitive surgical resection
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1) An 8 year old boy presents with neck pain, headaches and ataxia.  An MRI is obtained with demonstrates a cystic mass with a gadolinium avid mural nodule within the cerebellum.  The tumor is resected and pathology confirms a pilocytic astrocytoma.  Postoperative imaging shows no evidence of residual tumor.

What is the appropriate management for the patient at this point?

a.  Observation with interval MRI

b.  Further staging including a spinal MRI and CSF cytopathology

c.  Conformal radiation to the posterior fossa

d.  Craniospinal radiation therapy to the posterior fossa and adjuvant chemotherapy

Explanation: Answer A.  Pilocytic astrocytomas are managed in a variety of way depending on the age of the patient, the extent of resection and the prior therapy.  In the case of a newly diagnosed patient who has complete resection of a pilocytic astroctyoma in the posterior fossa, no further therapy would be administered since the EFS for such a patient is > 90% at 5-years.

2) A 6 year old girl presents with a left sixth nerve palsy and subtle right sided weakness.  An MRI is obtained which demonstrates a diffusely enlarged pons with no evidence of contrast enhancement following the administration of gadolinium.  The basilar artery is engulfed by the expanded pons.

What is the patient’s prognosis?

a.  If the tumor is responsive to radiation therapy, long term disease control is anticipated.

b.  Death within 2 years.

c.  Excellent, since the absence of contrast enhancement suggests an inflammatory condition as opposed to a malignancy

d.  Similar to pilocytic astrocytomas that occur elsewhere in the brain stem.

Explanation: Answer B.  The vignette describes the classic presentation of a diffuse intrinsic pontine glioma.  At the time of presentation, the MRI in such a patient is notable for an diffusely enlarged pons and generally no contrast enhancement.  This contrasts with pilocytic astroctyomas in the brain stem which tend to be avidly contrast enhancing, “push” the pons out of the way and rarely engulf the basilar artery.  With rare exceptions, all children with a DIPG die within two years of diagnosis despite the use of combination therapy.

3)
A 15 year old boy presents with evidence of diabetes insipidus. An MRI is obtained but there is no apparent abnormality in the suprasellar region.  CSF tumor markers are sent but are negative for beta-HCG and alphofetoprotein.  He is managed with DDAVP.  Six months later, he is rescanned and now there is evidence of a mass in the region of the pituitary.  Repeat CSF markers are still normal.

What is the most likely diagnosis?

a.  Langerhans cell histiocytosis

b.  Low-grade astrocytoma

c.  Nongerminomatous germ cell tumor

d.  Germinoma

Explanation:  Answer D.  The vignette describes a fairly common presentation for germinoma.  Common features include the age and sex of the patient, the presence of diabetes insipidus and the absence of tumor marker elevation.  It is not uncommon for DI to present before there is an apparent imaging abnormality.  

4)
The most common brain tumor seen in children with tuberous sclerosis is:

a.  Pilocytic astrocytoma

b.  Hamartomas

c.  Subependymal giant cell astrocytomas

d.  Ependymoma

Explanation: Answer C.  Children with tuberous sclerosis have a variety of CNS manifestations.  On imaging they will show evidence of cortical tubers.  The most common tumor that develops in these patients is a SEGA, frequently presenting at the Foramen of Monro and causing obstructive hydrocephalus.

5)
An 11 year old girl is diagnosed with medulloblastoma following resection of a midline cerebellar mass.  The tumor is completely resected at the time of surgery and subsequent spinal MRI and lumbar cytopathology show no evidence of neuraxis dissemination.  

The standard-of-care treatment for such a patient is:

a.  Craniospinal irradiation with a boost to the posterior fossa

b.  Radiation therapy to the posterior fossa only

c.  Craniospinal irradiation at reduced doses with a boost to the posterior fossa, following by adjuvant chemotherapy

d.  Observation, given the absence of residual tumor, with interval MRI

Explanation:  Answer C.  The standard of care for children with “standard-risk” medulloblastoma (defined as a near total resection of the tumor with no evidence of neuraxis dissemination) is currently craniospinal irradiation (current standard 2340 cGy) with a boost the tumor bed to a total dose of approximately 5500cGy.  In most centers, vincristine is given on a weekly basis during irradiation.  Following irradiation, adjuvant chemotherapy is given which is generally a combination of cisplatin/CCNU/vincristine or cisplatin/cyclophophamide/vincristine.  This approach leads to long term EFS of > 80% in such patients.

6)
A patient is diagnosed with ependymoma after presenting with ataxia, neck pain, headache and vomiting.  At the time of surgery, the tumor is completely resected.  Subsequent spinal MRI and lumbar cytopathology show no evidence of neuraxis dissemination.

The standard-of-care treatment for such a patient is:

a.  Craniospinal irradiation with a boost to the posterior fossa

b.  Radiation therapy to the posterior fossa only

c.  Craniospinal irradiation at reduced doses with a boost to the posterior fossa, following by adjuvant chemotherapy

d.  Observation, given the absence of residual tumor, with interval MRI

Explanation:  Answer B.  In contrast to medulloblastoma in which combination therapy is the standard of care, for ependymoma, therapy is generally restricted to attempted gross total resection followed by focal radiation therapy to the region of the tumor.  While ependymoma has been shown to be “chemo-responsive”, it is unclear whether the addition of chemotherapy improves the outcome for such patients.

7)
A 13 year old boy presents with signs and symptoms of obstructive hydocephalus.  An MRI is obtained which demonstrates a mass in the region of the pineal gland.  The masses enhances following the administration of gadolinium.  CSF cytopathology and tumor markers for beta-HCG and alphafetoprotein are sent at the time of 3rd ventriculostomy.  These results are normal.

The most likely diagnosis is:

a)
Germinoma

b)
Pineoblastoma

c)
Non-germinomatous germ cell tumor

d)
Anaplastic astroctyoma

e)
Pineal cyst

Explanation: Answer A.  This is another presentation of germinoma intended to remind the reader that the two most common locations in which this tumor presents are the suprasellar region and the pineal region.  In 10% of cases, the tumor is multifocal in these two locations.  The tumor can be seen in additional locations throughout the brain including the basal ganglia, studding the ventricles and in other areas.

8)
Which of the following molecular markers is associated with poor-prognosis medulloblastoma?

a)
Deletion or mutation in the hSNF5 (INI1) gene
b)
c-Myc overexpression

c)
Trk-C overexpression

d)
bcl-2 deletion or mutation

e)
No specific molecular signature

Explanation:  Answer B.  There is a growing understanding of the molecular abnormalities seen in a number of brain tumors.  In medulloblastoma, c-Myc elevation is largely associated with more aggressive variants of the tumor that would be classified as high-risk currently (e.g. those tumors that present with neuraxis dissemination, anaplastic/large cell tumors, multifocal tumors at presentation).  Deletion of hSNF5 is associated with ATRT.  Trk-C overexpression is associated with a more favorable prognosis.

9)
A 14 year old girl was treated for ALL when she was 4 years of age.  At the time of her treatment for ALL she received cranial prophylaxis with 2400 cGy of irradiation.  She now presents with a two week history of increasing headaches and on the day of presentation has a generalized tonic-clonic seizure.  An emergent MRI is obtained which demonstrates an intraparenchymal mass with a necrotic center and a contrast enhancing border center in the parietal lobe.

At the time of biopsy, pathology will likely reveal:

a)
Meningioma

b)
Pilocytic astrocytoma

c)
Oligodendroglioma

d)
Glioblastoma multiforme

e)
Ependymoma

Explanation:  Answer D.  This is an unfortunate long term complication of prior irradiation to the brain seen with increasing frequency as more patients who received prior irradiation to the brain survive their initial diagnosis.  The two most common radiation associated tumors are meningiomas and GBM.  In this vignette, the presence of an intraparenchymal mass with necrosis and a contrast enhancing rim describes the classic imaging features of GBM.  Prognosis is particularly poor for these patients an even short EFS than patients presenting with de-novo GBM.

10)
A 4 month old child presents with a large, supratentorial mass.  A portion of the tumor is resected and the pathologist indicates that the tumor is embryonal in origin.  He describes rhaboid cells in the specimen.

To confirm the diagnosis of an atypical teratoid rhaboid tumor (AT/RT) which molecular marker would you send?

a)
Deletion or mutation in the hSNF5 (INI1) gene
b)
c-Myc overexpression

c)
Trk-C overexpression

d)
bcl-2 deletion or mutation

e)
No specific molecular signature

Explanation:  Answer A.  See
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1.
A 7-year-old boy is diagnosed with a medulloblastoma after presenting with ataxia and obstructive hydrocephalus due to compression of the 4th ventricle. The surgeon achieves a gross total resection and subsequent staging with a spinal MRI and CSF cytopathology shows no evidence of dissemination to other parts of the brain or spinal cord. Pathology demonstrates “classic” medulloblastoma with no evidence of large-cell phenotype or anaplasia. The standard-of-care treatment for such a patient is:


A.
Radiation therapy to the posterior fossa only


B.
Craniospinal irradiation at reduced doses with a boost to the posterior fossa, followed by adjuvant chemotherapy


C.
Observation, given the absence of residual tumor, with interval MRI


D.
Craniospinal irradiation with a boost to the posterior fossa

Answer: B

Explanation: The standard of care for children with “standard-risk” medulloblastoma (defined as a near total resection of the tumor with no evidence of neuraxis dissemination and no evidence of large-cell/anaplastic phenotype) is currently craniospinal irradiation (current standard 2340 cGy) with a boost to the tumor bed to a total dose of approximately 5500cGy. In most centers, vincristine is given on a weekly basis during irradiation. Following irradiation, adjuvant chemotherapy is given, which is generally a combination of cisplatin/CCNU/vincristine or cisplatin/cyclophophamide/vincristine. This approach leads to long-term EFS of > 80% in such patients.

2.
A similar child, also age 7, is diagnosed with an ependymoma after presenting with ataxia and obstructive hydrocephalus. The tumor arose from the floor of the 4th ventricle. The surgeon “got everything,” which is confirmed by postoperative MRI. Staging shows no evidence of disease elsewhere, including a negative spinal MRI and normal CSF cytopathology. The pathologist says the tumor is an “anaplastic” ependymoma. The standard-of-care treatment for this patient is:


A.
Radiation therapy to the posterior fossa only


B.
Craniospinal irradiation at reduced doses with a boost to the posterior fossa, following by adjuvant chemotherapy


C.
Observation, given the absence of residual tumor, with interval MRI


D.
Craniospinal irradiation with a boost to the posterior fossa

Answer: A

Explanation: The standard of care for children with ependymoma whether classified as anaplastic or not is focal radiation therapy to the region of the primary tumor only (in this case, the posterior fossa). While neuraxis dissemination can occur with ependymoma, unlike medulloblastoma, craniospinal irradiation does not appear to guard against recurrence and for this reason is not routinely utilized. In addition, while ependymoma is a chemoresponsive tumor, it is unclear whether it is chemo-curable and adjuvant chemotherapy is not routinely provided, particularly in the setting of a gross total resection.

3.
Which pairing is incorrect?


A.
Gorlin’s syndrome–medulloblastoma


B.
Neurofibromatosis–optic pathway gliomas


C.
Hereditary retinoblastoma–medulloblastoma


D.
Tuberous sclerosis–subependymal giant cell astrocytoma

Answer: C

Explanation: Each of the pairings identifies a known brain tumor associated with a genetic syndrome. Gorlin’s syndrome is associated with Hedgehog pathway mutations and those with the syndrome are at higher risk for medulloblastoma. subependymal giant-cell astroctyoma (SEGA) is the most common brain tumor seen in children with tuberous sclerosis, generally presenting at the Foramen of Monro and causing obstructive hydrocephalus. Children with NF-1 are at increased risk for a variety of CNS complications including a frequent tendency to develop optic pathway tumors. Hereditary retinoblastoma (bilateral retinoblastoma) is associated with trilateral disease, which is the development of pineoblastoma, not medulloblastoma.

4.
An 8-year-old girl is seen by an ophthalmologist after her school teacher noted that she was having difficulty moving her left eye outwards. Fundoscopic examination is normal with no evidence of papilledema and with the exception of the 6th nerve palsy, the child is entirely well appearing. An MRI is obtained that demonstrates diffuse enlargement of the pons with minimal contrast enhancement following the administration of gadolinium. T2/FLAIR sequences on MRI demonstrate high signal in the pons. The basilar artery is encased by the enlarged pons. She is referred to oncology for further workup and treatment. You suspect a diagnosis of a diffuse intrinsic pontine glioma (DIPG). Further staging should include:


A.
No further staging is required; MRI imaging alone is sufficient


B.
Biopsy of the pons for histopathologic diagnosis


C.
MRI of the spine to exclude neuraxis dissemination


D.
Lumbar puncture for CSF cytopathology

Answer: A

Explanation: MRI is sufficient in most cases to establish the diagnosis of a DIPG and further staging in the form of a biopsy is generally not necessary. Biopsy is reserved for those cases without “classic” imaging features (diffuse enlargement of the pons, minimal contrast enhancement at presentation, and encasement of the basilar artery). Tumor dissemination at the time of presentation is extremely rare and staging is generally not indicated.

5.
Based on the presumptive diagnosis of DIPG, you meet with her parents to discuss prognosis. What will you tell the parents regarding prognosis?


A.
Generally the tumors are exquisitely sensitive to irradiation and, following treatment, long-term disease control is anticipated.


B.
Given the absence of contrast enhancement, this will likely be a more “low-grade” DIPG, which tends to respond more favorably to treatment with long-term disease control anticipated.


C.
Death within 1-2 years


D.
Unclear, given the absence of a histologic sample

Answer: C

Explanation: Despite the presence of some imaging features that in other regions of the brain might suggest a more low-grade tumor (e.g., the absence of gadolinium enhancement), prognosis for children with a DIPG is grim, with most children dying within 1-2 years from presentation. The tumor is radiation-responsive, but never cured by radiation alone. Innumerable chemotherapeutic strategies have been utilized but to-date none have altered the event-free survival (EFS) compared to radiation alone.

6.
A 14-year-old boy presents with early morning headaches and occasional vomiting. This prompts and MRI, which demonstrates a 2 x 2 cm contrast enhancing mass in the pineal region and associated hydrocephalus. He is referred to a neurosurgeon, who performs an endoscopic third ventriculostomy for CSF diversion. Given the possible diagnosis of a germ-cell tumor, you advise the surgeon to send CSF tumor markers for AFP and beta-HCG, which are normal. CSF cytopathology sent during the same procedures is also negative. The surgeon obtains a small piece of tumor tissue, but the neuropathologist says it is insufficient to make a diagnosis. What should occur next?


A.
Given the negative CSF markers, a germ-cell tumor diagnosis is excluded and the patient should be observed with serial imaging.


B.
Given the negative CSF markers, it’s likely that this represents a pineoblastoma, and a craniotomy should be undertaken in an attempt to achieve a gross total resection of the mass.


C.
The absence of CSF marker positivity does not exclude the diagnosis of germinoma and a repeat surgical procedure should be undertaken to sample a larger portion of the mass.


D.
A trial of radiation to the tumor since germinomas are exquisitely sensitive to XRT and evidence of a rapid response will confirm the diagnosis without the need for another surgical procedure.

Answer: C

Explanation: This remains a fairly typical presentation of a germinoma in a teenage boy. In most cases, CSF markers will be negative or low in contrast to a nongerminomatous germ cell tumor, which will demonstrate elevation of these markers. Gone are the days when radiation was used as a diagnostic study given the ability of pediatric neurosurgeons to safely obtain a biopsy in this region. A biopsy is imperative because a frozen section demonstrating features of a germinoma allows the surgeon to safely leave tumor behind that might be difficult to remove without neurologic injury. In contrast, evidence of a small round blue-cell tumor (aka pineoblastoma) at the time of surgery will drive the surgeon to attempt a gross total resection to improve the likelihood of long term disease control.

7.
A 10-year-old girl presents with headaches and ataxia. A solid tumor (mural nodule) with a large associated cyst within the cerebellum is noted on MRI and is completely resected as confirmed by postoperative imaging. What is the most appropriate management for the patient at this point?


A.
Spinal MRI and lumbar puncture for CSF cytopathology


B.
Conformal radiation therapy to the posterior fossa


C.
Observation with interval examinations and periodic MRIs


D.
Craniospinal radiation therapy with additional radiation therapy to the tumor bed followed by adjuvant chemotherapy

Answer: C

Explanation: This represents a typical presentation of a pilocytic astrocytoma. While this tumor can occur throughout the CNS, it commonly presents in the posterior fossa and in the hands of a skilled pediatric neurosurgeon is generally completely resected. In most cases, the patient is cured and no further disease directed therapy is necessary. Dissemination is rare and neuroaxis staging is not generally indicated. Chemotherapy and/or radiation therapy would be reserved for pilocytic astrocytomas that occur in areas of the brain less amenable to complete resection.

8.
A 6-year-old child has a history of bilateral retinoblastoma treated in infancy with chemotherapy and enucleation of one eye. She has done well since that time. Recently, she has begun complaining of headaches. On your physical examination, you note that she is unable to gaze above the midline. You order an MRI. What would you anticipate finding?


A.
A mass at the Foramen of Monro obstructing CSF flow


B.
A mass in the pineal region partially obstructing CSF flow at the level of the 3rd ventricle


C.
A mass at the optic chiasm


D.
Progression of retinoblastoma in the globe of the intact eye

Answer: B

Explanation: Children with bilateral retinoblastoma are at risk for so-called trilateral disease, which is the finding of pineoblastoma. The pineal gland is in close proximity to the third ventricle and a mass in this region can cause obstruction and symptoms of associated hydrocephalus with Parinaud’s syndrome (dorsal midbrain syndrome: failure of upgaze, pseudo Argyll Rrobertson pupil, convergence nystagmus).

9.
A 4-year-old boy is referred by his primary pediatrician because on a well-child visit, the child is noted to have a right-sided subtle 7th nerve palsy. An MRI is obtained, which demonstrated a focal, exophytic, brightly contrasting enhancing mass in the pons. The pons appears to be “pushed” aside. A biopsy of the mass would likely show:


A.
Nonneoplastic condition


B.
Ependymoma


C.
Fibrillary astrocytoma, high-grade


D.
Pilocytic astrocytoma

Answer: D

Explanation: The finding of a contrast-enhancing mass that appears to be pushing aside normal structures as opposed to infiltrating normal tissue is classically seen in pilocytic astrocytoma. Phrases such as focal and exophytic are often used to distinguish this tumor type from the deadly diffusely infiltrating pontine glioma (DIPG), which is a fibrillary astrocytoma of the pons. Unlike DIPG, children with pilocytic astrocytomas in the brain stem have a much better prognosis and can be managed long-term with a combination of surgery, chemotherapy, and XRT.

10.
A 7-month-old child presents with a large posterior fossa mass causing obstruction at the level of the fourth ventricle. The mass is heterogeneous, with both solid and cystic elements and a suggestion of calcification on imaging. The mass is resected and the neuropathologist indicates that while the tumor has some features of a medulloblastoma, she is concerned that given some of the histologic findings (rhadboid-looking cells and epithelial membrane antigen positivity on immunohistochemistry), this might represent an atypical teratoid/rhaboid tumor (AT/RT). What abnormality might be anticipated during molecular diagnostics?


A.
Trk-C overexpression


B.
Deletion or mutation in the hSNF5 (INI1) gene


C.
bcl-2 deletion or loss of heterozygosity (LOH)


D.
c-Myc overexpression

Answer: B

Explanation: Deletion of mutation in the hSNF5 gene product is characteristic of the diagnosis of AT/RT. It is a tumor suppressor gene located on chromosome 22. Trk-C overpression is a favorable feature in medulloblastoma and C-Myc overexpression is an unfavorable feature in medulloblastoma.
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1.
A 7-year-old boy is diagnosed with a medulloblastoma after presenting with ataxia and obstructive hydrocephalus due to compression of the 4th ventricle. The surgeon achieves a gross total resection and subsequent staging with a spinal MRI and CSF cytopathology shows no evidence of dissemination to other parts of the brain or spinal cord. Pathology demonstrates “classic” medulloblastoma with no evidence of large-cell phenotype or anaplasia. The standard-of-care treatment for such a patient is:


A.
Radiation therapy to the posterior fossa only


B.
Craniospinal irradiation at reduced doses with a boost to the posterior fossa, followed 



by adjuvant chemotherapy


C.
Observation, given the absence of residual tumor, with interval MRI


D.
Craniospinal irradiation with a boost to the posterior fossa

Answer: B

Explanation: The standard of care for children with “standard-risk” medulloblastoma (defined as a near total resection of the tumor with no evidence of neuraxis dissemination and no evidence of large-cell/anaplastic phenotype) is currently craniospinal irradiation (current standard 2340 cGy) with a boost to the tumor bed to a total dose of approximately 5500cGy. In most centers, vincristine is given on a weekly basis during irradiation. Following irradiation, adjuvant chemotherapy is given, which is generally a combination of cisplatin/CCNU/vincristine or cisplatin/cyclophophamide/vincristine. This approach leads to long-term EFS of > 80% in such patients.

2.
A similar child, also age 7, is diagnosed with an ependymoma after presenting with ataxia and obstructive hydrocephalus. The tumor arose from the floor of the 4th ventricle. The surgeon “got everything,” which is confirmed by postoperative MRI. Staging shows no evidence of disease elsewhere, including a negative spinal MRI and normal CSF cytopathology. The pathologist says the tumor is an “anaplastic” ependymoma. The standard-of-care treatment for this patient is:


A.
Radiation therapy to the posterior fossa only


B.
Craniospinal irradiation at reduced doses with a boost to the posterior fossa, following 


by adjuvant chemotherapy


C.
Observation, given the absence of residual tumor, with interval MRI


D.
Craniospinal irradiation with a boost to the posterior fossa

Answer: A

Explanation: The standard of care for children with ependymoma whether classified as anaplastic or not is focal radiation therapy to the region of the primary tumor only (in this case, the posterior fossa). While neuraxis dissemination can occur with ependymoma, unlike medulloblastoma, craniospinal irradiation does not appear to guard against recurrence and for this reason is not routinely utilized. In addition, while ependymoma is a chemoresponsive tumor, it is unclear whether it is chemo-curable and adjuvant chemotherapy is not routinely provided, particularly in the setting of a gross total resection.

3.
Which pairing is incorrect?


A.
Gorlin’s syndrome–medulloblastoma


B.
Neurofibromatosis–optic pathway gliomas


C.
Hereditary retinoblastoma–trilateral medulloblastoma


D.
Li-Fraumeni Syndrome – choroid plexus carcinoma

Answer: C

Explanation: Each of the pairings identifies a known brain tumor associated with a genetic syndrome. Gorlin’s syndrome is associated with Hedgehog pathway mutations and those with the syndrome are at higher risk for medulloblastoma. Children with NF-1 are at increased risk for a variety of CNS complications including a frequent tendency to develop optic pathway tumors. Choroid plexus carcinomas are often associated with germline TP53 mutations fulfilling Li-Fraumeni Syndrome criteria in many cases.  Hereditary retinoblastoma (bilateral retinoblastoma) is associated with trilateral disease, which is the development of pineoblastoma, not medulloblastoma.

4.
An 8-year-old girl is seen by an ophthalmologist after her school teacher noted that she was having difficulty moving her left eye outwards. Fundoscopic examination is normal with no evidence of papilledema and with the exception of the 6th nerve palsy, the child is entirely well appearing. An MRI is obtained that demonstrates diffuse enlargement of the pons with minimal contrast enhancement following the administration of gadolinium. T2/FLAIR sequences on MRI demonstrate high signal in the pons. The basilar artery is encased by the enlarged pons. She is referred to oncology for further workup and treatment. You suspect a diagnosis of a diffuse intrinsic pontine glioma (DIPG). Further staging should include:


A.
No further staging is required; MRI imaging alone is sufficient


B.
Biopsy of the pons for histopathologic diagnosis


C.
MRI of the spine to exclude neuraxis dissemination


D.
Lumbar puncture for CSF cytopathology

Answer: A

Explanation: MRI is sufficient in most cases to establish the diagnosis of a DIPG and further staging in the form of a biopsy is generally not necessary. Biopsy is reserved for those cases without “classic” imaging features (diffuse enlargement of the pons, minimal contrast enhancement at presentation, and encasement of the basilar artery). Tumor dissemination at the time of presentation is extremely rare and staging is generally not indicated.

5.
Based on the presumptive diagnosis of DIPG, you meet with her parents to discuss prognosis. What will you tell the parents regarding prognosis?


A.
Generally the tumors are exquisitely sensitive to irradiation and, following treatment, long-term 


disease control is anticipated.


B.
Given the absence of contrast enhancement, this will likely be a more “low-grade” DIPG, which 


tends to respond more favorably to treatment with long-term disease control anticipated.


C.
Death within 1-2 years


D.
Unclear, given the absence of a histologic sample

Answer: C

Explanation: Despite the presence of some imaging features that in other regions of the brain might suggest a more low-grade tumor (e.g., the absence of gadolinium enhancement), prognosis for children with a DIPG is grim, with most children dying within 1-2 years from presentation. The tumor is radiation-responsive, but never cured by radiation alone. Innumerable chemotherapeutic strategies have been utilized but to-date none have altered the event-free survival (EFS) compared to radiation alone.

6.
A 14-year-old boy presents with early morning headaches and occasional vomiting. This prompts and MRI, which demonstrates a 2 x 2 cm contrast enhancing mass in the pineal region and associated hydrocephalus. He is referred to a neurosurgeon, who performs an endoscopic third ventriculostomy for CSF diversion. Given the possible diagnosis of a germ-cell tumor, you advise the surgeon to send CSF tumor markers for AFP and beta-HCG, which are normal. CSF cytopathology sent during the same procedures is also negative. The surgeon obtains a small piece of tumor tissue, but the neuropathologist says it is insufficient to make a diagnosis. What should occur next?


A.
Given the negative CSF markers, a germ-cell tumor diagnosis is excluded and the patient should 


be observed with serial imaging.


B.
Given the negative CSF markers, it’s likely that this represents a pineoblastoma, and a 



craniotomy should be undertaken in an attempt to achieve a gross total resection of the mass.


C.
The absence of CSF marker positivity does not exclude the diagnosis of germinoma and a repeat 


surgical procedure should be undertaken to sample a larger portion of the mass.


D.
A trial of radiation to the tumor since germinomas are exquisitely sensitive to XRT and evidence 


of a rapid response will confirm the diagnosis without the need for another surgical procedure.

Answer: C

Explanation: This remains a fairly typical presentation of a germinoma in a teenage boy. In most cases, CSF markers will be negative or low in contrast to a nongerminomatous germ cell tumor, which will demonstrate elevation of these markers. Gone are the days when radiation was used as a diagnostic study given the ability of pediatric neurosurgeons to safely obtain a biopsy in this region. A biopsy is imperative because a frozen section demonstrating features of a germinoma allows the surgeon to safely leave tumor behind that might be difficult to remove without neurologic injury. In contrast, evidence of a small round blue-cell tumor (aka pineoblastoma) at the time of surgery will drive the surgeon to attempt a gross total resection to improve the likelihood of long term disease control.

7.
A 10-year-old girl presents with headaches and ataxia. A solid tumor (mural nodule) with a large associated cyst within the cerebellum is noted on MRI and is completely resected as confirmed by postoperative imaging. What is the most appropriate management for the patient at this point?


A.
Spinal MRI and lumbar puncture for CSF cytopathology


B.
Conformal radiation therapy to the posterior fossa


C.
Observation with interval examinations and periodic MRIs


D.
Craniospinal radiation therapy with additional radiation therapy to the tumor bed followed by 


adjuvant chemotherapy

Answer: C

Explanation: This represents a typical presentation of a pilocytic astrocytoma. While this tumor can occur throughout the CNS, it commonly presents in the posterior fossa and in the hands of a skilled pediatric neurosurgeon is generally completely resected. In most cases, the patient is cured and no further disease directed therapy is necessary. Dissemination is rare and neuroaxis staging is not generally indicated. Chemotherapy and/or radiation therapy would be reserved for pilocytic astrocytomas that occur in areas of the brain less amenable to complete resection.

8.
A 6-year-old child has a history of bilateral retinoblastoma treated in infancy with chemotherapy and enucleation of one eye. She has done well since that time. Recently, she has begun complaining of headaches. On your physical examination, you note that she is unable to gaze above the midline. You order an MRI. What would you anticipate finding?


A.
A mass at the Foramen of Monro obstructing CSF flow


B.
A mass in the pineal region partially obstructing CSF flow at the level of the 3rd ventricle


C.
A mass at the optic chiasm


D.
Progression of retinoblastoma in the globe of the intact eye

Answer: B

Explanation: Children with bilateral retinoblastoma are at risk for so-called trilateral disease, which is the finding of pineoblastoma. The pineal gland is in close proximity to the third ventricle and a mass in this region can cause obstruction and symptoms of associated hydrocephalus with Parinaud’s syndrome (dorsal midbrain syndrome: failure of upgaze, pseudo Argyll Rrobertson pupil, convergence nystagmus).

9.
A 4-year-old boy is referred by his primary pediatrician because on a well-child visit, the child is noted to have a right-sided subtle 7th nerve palsy. An MRI is obtained, which demonstrated a focal, exophytic, brightly contrasting enhancing mass in the pons. The pons appears to be “pushed” aside. A biopsy of the mass would likely show:


A.
Nonneoplastic condition


B.
Ependymoma


C.
Fibrillary astrocytoma, high-grade


D.
Pilocytic astrocytoma

Answer: D

Explanation: The finding of a contrast-enhancing mass that appears to be pushing aside normal structures as opposed to infiltrating normal tissue is classically seen in pilocytic astrocytoma. Phrases such as focal and exophytic are often used to distinguish this tumor type from the deadly diffusely infiltrating pontine glioma (DIPG), which is a fibrillary astrocytoma of the pons. Unlike DIPG, children with pilocytic astrocytomas in the brain stem have a much better prognosis and can be managed long-term with a combination of surgery, chemotherapy, and XRT.

10.
A 7-month-old child presents with a large posterior fossa mass causing obstruction at the level of the fourth ventricle. The mass is heterogeneous, with both solid and cystic elements and a suggestion of calcification on imaging. The mass is resected and the neuropathologist indicates that while the tumor has some features of a medulloblastoma, she is concerned that given some of the histologic findings (rhadboid-looking cells and epithelial membrane antigen positivity on immunohistochemistry), this might represent an atypical teratoid/rhaboid tumor (AT/RT). What abnormality might be anticipated during molecular diagnostics?


A.
Trk-C overexpression


B.
Deletion or mutation in the hSNF5 (INI1) gene


C.
bcl-2 deletion or loss of heterozygosity (LOH)


D.
c-Myc overexpression

Answer: B

Explanation: Deletion of mutation in the hSNF5 gene product is characteristic of the diagnosis of AT/RT. It is a tumor suppressor gene located on chromosome 22. Trk-C overpression is a favorable feature in medulloblastoma and C-Myc overexpression is an unfavorable feature in medulloblastoma.

11.
A 15-year-old boy presents with clinical and laboratory findings consistent with diabetes insipidus.  An MRI reveals two abnormalities, one in the pineal region and a second in the suprasellar region.  CSF markers for beta-HCG and alphafetoprotein are negative and cytopathology of the same fluid is negative for tumor.

What is the most likely diagnosis?


A.
Germinoma


B.
Nongerminomatous germ cell tumor


C.
Langerhans Cell Histiocytosis


D.
Pineoblastoma with spread to the pituitary


E.
Multifocal glioma

Answer: A

Explanation: Two of the most common reasons for diabetes insipidus developing in teenagers, particularly boys, are LCH and germ cell tumors.  While both can occur in the suprasellar region, only germinoma tends to occur in both the suprasellar region and pineal region.  This occurs in approximately 10% of cases of CNS germinoma at presentation.  Generally, CSF tumor markers are normal for germinoma but are usually elevated in the case of a nongerminomatous germ cell tumor.

12.
A five year old child is noted to have 6 café-au-lait spots and a cousin who was recently diagnosed with NF-1.  He is otherwise healthy.  The parents, who have “surfed” the internet, are concerned about the risk of CNS tumors.

What is the next intervention you would recommend?


A.
Routine physical examinations only


B.
Examination by an ophthalmologist


C.
MRI of the brain to assess for vestibular schwannomas or meningiomas


D.
Genetic testing to confirm the diagnosis

Answer: B

Explanation:   The management of children with suspected neurofibromatosis Type 1 relates to the higher incidence of CNS tumors and hamartomatous changes in these children.  They are at increased risk for the development of optic pathway tumors and for this reason, routine eye examinations are recommended.

13.
A 14 year-old patient carries a diagnosis of tuberous sclerosis.  Recently, he has been complaining of headaches with intermittent vomiting.  MRI reveals a mass centered at the Foramen of Monro with obstructive hydrocephalus

Following surgery, pathology is likely to reveal:


A.
Desmoplastic infantile ganglioglioma (DIG)


B.
Supratentorial PNET


C.
Nonneoplastic hamartomatous lesion


D.
Anaplastic astrocytoma


E.
Subependymal giant cell astrocytoma (SEGA)

Answer: E

Explanation:  Subependymal giant cell astrocytoma is the most common tumor seen in children with tuberous sclerosis (TS).  TS is caused by mutations in TSC1 or TSC2 which results in mammalian target of rapamycin (mTOR) overexpression. 

14.
Which of the following molecular markers is associated with poor-prognosis medulloblastoma?


A.
Deletion or mutation in the hSNF5 (INI1) gene

B.
c-Myc overexpression


C.
Trk-C overexpression


D.
bcl-2 deletion or mutation


E.
No specific molecular signature

Answer: B

Explanation:  There is a growing understanding of the molecular abnormalities seen in a number of brain tumors.  In medulloblastoma, c-Myc elevation is largely associated with more aggressive variants of the tumor that would be classified as high-risk currently (e.g. those tumors that present with neuraxis dissemination, anaplastic/large cell tumors, multifocal tumors at presentation).  Deletion of hSNF5 is associated with ATRT.  Trk-C overexpression is associated with a more favorable prognosis.

15.
A 14 year old girl was treated for ALL when she was 4 years of age.  At the time of her treatment for ALL she received cranial prophylaxis with 2400 cGy of irradiation.  She now presents with a two week history of increasing headaches and on the day of presentation has a generalized tonic-clonic seizure.  An emergent MRI is obtained which demonstrates an intraparenchymal mass with a necrotic center and a contrast enhancing border center in the parietal lobe.

At the time of biopsy, pathology will likely reveal:


A.
Glioblastoma multiforme

B.
Pilocytic astrocytoma


C.
Oligodendroglioma


D.
Meningioma


E.
Ependymoma

Answer A.  

Explanation: This is an unfortunate long term complication of prior irradiation to the brain seen with increasing frequency as more patients who received prior irradiation to the brain survive their initial diagnosis.  The two most common radiation associated tumors are meningiomas and GBM.  In this vignette, the presence of an intraparenchymal mass with necrosis and a contrast enhancing rim describes the classic imaging features of GBM.  Prognosis is particularly poor for these patients an even short EFS than patients presenting with de-novo GBM.
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1. A 9-year-old boy is diagnosed with a medulloblastoma after presenting with ataxia and obstructive hydrocephalus due to obstruction of the 4th ventricle. The surgeon indicates that she achieved a gross total resection which is confirmed on postoperative MRI of the brain obtained on the day following surgery.  Ventricular CSF obtained at the time of surgery is negative for tumor.  Further staging for extent of disease should include:

A. MRI of the spine obtained at the same time as the postoperative MRI of the brain on the day following surgery

B. No further staging is required given the gross total resection and post-operative MRI of the brain confirming a complete resection

C. MRI of the spine and lumbar CSF obtained at least 10 days following tumor removal

D. MRI of the spine obtained at least 10 days following tumor removal

Answer:  C
Explanation:  Staging for medulloblastoma routinely includes an MRI of the spine as well as lumbar CSF.  If medulloblastoma is suspected, preoperative MRI of the spine can be obtained but lumbar CSF is typically deferred due to the risk of herniation if attempted prior to tumor removal.  Lumbar CSF determination is more sensitive than ventricular CSF for confirmation of tumor dissemination.  If the MRI of the spine is obtained after surgery then it is recommended to wait at least 10 days from the time of surgery since perioperative debris can be misinterpreted as tumor dissemination.  

2. The above patient shows no evidence of tumor dissemination. Pathology demonstrates “classic” medulloblastoma with no evidence of large-cell phenotype or anaplasia. The standard-of-care treatment for such a patient is: 

A. Radiation therapy to the posterior fossa only 

B. Craniospinal irradiation with a boost to the posterior fossa, followed by adjuvant chemotherapy 

C. Observation, given the absence of residual tumor, with interval MRI 

D. Craniospinal irradiation with a boost to the posterior fossa 

Answer: B 

Explanation: The standard of care for children with “standard-risk” medulloblastoma (defined as a near total resection of the tumor with no evidence of neuraxis dissemination and no evidence of large-cell/anaplastic phenotype) is currently craniospinal irradiation (current standard 2340 cGy) with a boost to the tumor bed to a total dose of approximately 5400 cGy. In most centers, vincristine is given on a weekly basis during irradiation. Following irradiation, adjuvant chemotherapy is given, which is generally a combination of cisplatin/CCNU/vincristine or cisplatin/cyclophophamide/vincristine. This approach leads to long-term EFS of > 80% in such patients. 

3. A similar child, also age 9, is diagnosed with an ependymoma after presenting with ataxia and obstructive hydrocephalus. The tumor arose from the floor of the 4th ventricle. The surgeon “got everything,” which is confirmed by postoperative MRI.  The pathologist says the tumor is an anaplastic ependymoma.  Recognizing the risk of neuraxis dissemination, you obtain post-operative staging which demonstrates a negative spinal MRI and normal CSF cytopathology. The standard-of-care treatment for this patient is: 

A. Radiation therapy to the posterior fossa only 

B. Craniospinal irradiation at reduced doses with a boost to the posterior fossa, following by adjuvant chemotherapy 

C. Observation, given the absence of residual tumor, with interval MRI 

D. Craniospinal irradiation with a boost to the posterior fossa 

Answer: A 

Explanation: The standard of care for children with ependymoma whether classified as anaplastic or not is focal radiation therapy to the region of the primary tumor only (in this case, the posterior fossa). While neuraxis dissemination can occur with ependymoma, unlike medulloblastoma, craniospinal irradiation does not appear to guard against recurrence and for this reason is not routinely utilized. In addition, while ependymoma is a chemoresponsive tumor, it is unclear whether it is chemo-curable and adjuvant chemotherapy is not routinely provided, particularly in the setting of a gross total resection. 

4. An 8-year-old girl is seen by an ophthalmologist after her school teacher noted that she was having difficulty moving her left eye outwards. Fundoscopic examination is normal with no evidence of papilledema and with the exception of the 6th nerve palsy, the child is entirely well appearing. An MRI is obtained that demonstrates diffuse enlargement of the pons with minimal contrast enhancement following the administration of gadolinium. T2/FLAIR sequences on MRI demonstrate high signal in the pons. The basilar artery is encased by the enlarged pons. She is referred to oncology for further workup and treatment. You suspect a diagnosis of a diffuse intrinsic pontine glioma (DIPG). Further staging routinely includes: 

A. No further staging is required; MRI imaging alone is sufficient 

B. Biopsy of the pons for histopathologic diagnosis 

C. MRI of the spine to exclude neuraxis dissemination 

D. Lumbar puncture for CSF cytopathology 

Answer: A 

Explanation: MRI is sufficient in most cases to establish the diagnosis of a DIPG and further staging in the form of a biopsy is generally not necessary. Biopsy is reserved for those cases without “classic” imaging features (diffuse enlargement of the pons, minimal contrast enhancement at presentation, and encasement of the basilar artery). Tumor dissemination at the time of presentation is extremely rare and staging is generally not indicated. 

5. Based on the presumptive diagnosis of DIPG, you meet with her parents to discuss prognosis. What will you tell the parents regarding prognosis? 

A. Generally the tumors are exquisitely sensitive to irradiation and, following treatment, long-term disease control is anticipated. 

B. Given the absence of contrast enhancement, this will likely be a more “low-grade” DIPG, which tends to respond more favorably to treatment with long-term disease control anticipated. 

C. Death within 1-2 years 

D. Unclear, given the absence of a histologic sample 

Answer: C 

Explanation: Despite the presence of some imaging features that in other regions of the brain might suggest a more low-grade tumor (e.g., the absence of gadolinium enhancement), prognosis for children with a DIPG is grim, with most children dying within 1-2 years from presentation. The tumor is radiation-responsive, but never cured by radiation alone. Innumerable chemotherapeutic strategies have been utilized but to-date none have altered the event-free survival (EFS) compared to radiation alone. 

6. A 14-year-old boy presents with early morning headaches and occasional vomiting. This prompts and MRI, which demonstrates a 2 x 2 cm contrast enhancing mass in the pineal region and associated hydrocephalus. He is referred to a neurosurgeon, who performs an endoscopic third ventriculostomy for CSF diversion. Given the possible diagnosis of a germ-cell tumor, you advise the surgeon to send CSF tumor markers for AFP and beta-HCG, which are normal. CSF cytopathology sent during the same procedures is also negative. The surgeon obtains a small piece of tumor tissue, but the neuropathologist says it is insufficient to make a diagnosis. What should occur next? 

A. Given the negative CSF markers, a germ-cell tumor diagnosis is excluded and the patient should be observed with serial imaging. 

B. Given the negative CSF markers, it’s likely that this represents a pineoblastoma, and a craniotomy should be undertaken in an attempt to achieve a gross total resection of the mass. 

C. The absence of CSF marker positivity does not exclude the diagnosis of germinoma and a repeat surgical procedure should be undertaken to sample a larger portion of the mass. 

D. A trial of radiation to the tumor since germinomas are exquisitely sensitive to XRT and evidence of a rapid response will confirm the diagnosis without the need for another surgical procedure. 

Answer: C 

Explanation: This remains a fairly typical presentation of a germinoma in a teenage boy. In most cases, CSF markers will be negative or low in contrast to a nongerminomatous germ cell tumor, which will demonstrate elevation of these markers. Gone are the days when radiation was used as a diagnostic study given the ability of pediatric neurosurgeons to safely obtain a biopsy in this region. A biopsy is imperative because a frozen section demonstrating features of a germinoma allows the surgeon to safely leave tumor behind that might be difficult to remove without neurologic injury. In contrast, evidence of a small round blue-cell tumor (aka pineoblastoma) at the time of surgery will drive the surgeon to attempt a gross total resection to improve the likelihood of long term disease control. 

7. A 10-year-old girl presents with headaches and ataxia. A solid tumor (mural nodule) with a large associated cyst within the cerebellum is noted on MRI and is completely resected as confirmed by postoperative imaging. What is the most appropriate management for the patient at this point? 

A. Spinal MRI and lumbar puncture for CSF cytopathology 

B. Conformal radiation therapy to the posterior fossa 

C. Craniospinal radiation therapy with additional radiation therapy to the tumor bed followed by adjuvant chemotherapy 

D. Observation with interval examinations and periodic MRIs 

Answer: D

Explanation: This represents a typical presentation of a pilocytic astrocytoma. While this tumor can occur throughout the CNS, it commonly presents in the posterior fossa and in the hands of a skilled pediatric neurosurgeon is generally completely resected. In most cases, the patient is cured and no further disease directed therapy is necessary. Dissemination is rare and neuroaxis staging is not generally indicated. Chemotherapy and/or radiation therapy would be reserved for pilocytic astrocytomas that occur in areas of the brain less amenable to complete resection. 

8. A 6-year-old child has a history of bilateral retinoblastoma treated in infancy with chemotherapy and enucleation of one eye. She has done well since that time. Recently, she has begun complaining of headaches. On your physical examination, you note that she is unable to gaze above the midline. You order an MRI. What would you anticipate finding?

A. A mass at the Foramen of Monro obstructing CSF flow 

B. A mass in the pineal region partially obstructing CSF flow at the level of the 3rd ventricle 

C. A mass at the optic chiasm 

D. Progression of retinoblastoma in the globe of the intact eye 

Answer: B 

Explanation: Children with bilateral retinoblastoma are at risk for so-called trilateral disease, which is the finding of pineoblastoma. The pineal gland is in close proximity to the third ventricle and a mass in this region can cause obstruction and symptoms of associated hydrocephalus with Parinaud’s syndrome (dorsal midbrain syndrome: failure of upgaze, pseudo Argyll Robertson pupil, convergence nystagmus). 

9. A 4-year-old boy is referred by his primary pediatrician because on a well-child visit, the child is noted to have a right sided subtle 7th nerve palsy. An MRI is obtained, which demonstrated a focal, exophytic, brightly contrasting enhancing mass in the pons. The pons appears to be “pushed” aside. A biopsy of the mass would likely show: 

A. Nonneoplastic condition 

B. Ependymoma 

C. Fibrillary astrocytoma, high-grade 

D. Pilocytic astrocytoma 

Answer: D 

Explanation: The finding of a contrast-enhancing mass that appears to be pushing aside normal structures as opposed to infiltrating normal tissue is classically seen in pilocytic astrocytoma. Phrases such as focal and exophytic are often used to distinguish this tumor type from the deadly diffusely infiltrating pontine glioma (DIPG), which is a fibrillary astrocytoma of the pons. Unlike DIPG, children with pilocytic astrocytomas in the brain stem have a much better prognosis and can be managed long-term with a combination of surgery, chemotherapy, and XRT. 

10. A 7-month-old child presents with a large posterior fossa mass causing obstruction at the level of the fourth ventricle. The mass is heterogeneous, with both solid and cystic elements and a suggestion of calcification on imaging. The mass is resected and the neuropathologist indicates that while the tumor has some features of a medulloblastoma, she is concerned that given some of the histologic findings (rhadboid-looking cells and epithelial membrane antigen positivity on immunohistochemistry), this might represent an atypical teratoid/rhaboid tumor (AT/RT). What abnormality might be anticipated during molecular diagnostics?

A. Trk-C overexpression 

B. Deletion or mutation in the hSNF5 (INI1) gene 

C. bcl-2 deletion or loss of heterozygosity (LOH) 

D. c-Myc overexpression

Answer: B 

Explanation: Deletion of mutation in the hSNF5 gene product is characteristic of the diagnosis of AT/RT. It is a tumor suppressor gene located on chromosome 22. Trk-C overpression is a favorable feature in medulloblastoma and C-Myc overexpression is an unfavorable feature in medulloblastoma. 

11. A 15-year-old boy presents with clinical and laboratory findings consistent with diabetes insipidus. An MRI reveals two abnormalities, one in the pineal region and a second in the suprasellar region. CSF markers for beta-HCG and alphafetoprotein are negative and cytopathology of the same fluid is negative for tumor. What is the most likely diagnosis? 

A. Germinoma 

B. Nongerminomatous germ cell tumor 

C. Langerhans Cell Histiocytosis 

D. Pineoblastoma with spread to the pituitary 

E. Multifocal glioma 

Answer: A 

Explanation: Two of the most common reasons for diabetes insipidus developing in teenagers, particularly boys, are LCH and germ cell tumors. While both can occur in the suprasellar region, only germinoma tends to occur in both the suprasellar region and pineal region. This occurs in approximately 10% of cases of CNS germinoma at presentation. Generally, CSF tumor markers are normal for germinoma but are usually elevated in the case of a nongerminomatous germ cell tumor. 

12. A five year old child is noted to have 6 café-au-lait spots and a cousin who was recently diagnosed with NF-1. He is otherwise healthy. The parents, who have “surfed” the internet, are concerned about the risk of CNS tumors.  What is the next intervention you would recommend? 

A. Routine physical examinations only 

B. Examination by an ophthalmologist 

C. MRI of the brain to assess for vestibular schwannomas or meningiomas 

D. Genetic testing to confirm the diagnosis.

Answer: B 

Explanation: The management of children with suspected neurofibromatosis Type 1 relates to the higher incidence of CNS tumors and hamartomatous changes in these children. They are at increased risk for the development of optic pathway tumors and for this reason, routine eye examinations are recommended. 

13. A 14 year-old patient carries a diagnosis of tuberous sclerosis. Recently, he has been complaining of headaches with intermittent vomiting. MRI reveals a mass centered at the Foramen of Monro with obstructive hydrocephalus.  Following surgery, pathology is likely to reveal: 

A. Desmoplastic infantile ganglioglioma (DIG) 

B. Supratentorial PNET 

C. Nonneoplastic hamartomatous lesion 

D. Anaplastic astrocytoma 

E. Subependymal giant cell astrocytoma (SEGA) 

Answer: E 

Explanation: Subependymal giant cell astrocytoma is the most common tumor seen in children with tuberous sclerosis (TS). TS is caused by mutations in TSC1 or TSC2 which results in mammalian target of rapamycin (mTOR) overexpression. 

14. A 14 year old girl was treated for ALL when she was 4 years of age. At the time of her treatment for ALL she received cranial prophylaxis with 2400 cGy of irradiation. She now presents with a two week history of increasing headaches and on the day of presentation has a generalized tonic-clonic seizure. An emergent MRI is obtained which demonstrates an intraparenchymal mass with a necrotic center and a contrast enhancing border center in the parietal lobe.  At the time of biopsy, pathology will likely reveal: 

A. Glioblastoma multiforme 

B. Pilocytic astrocytoma 

C. Oligodendroglioma 

D. Meningioma 

E. Ependymoma 

Answer:  A 

Explanation: This is an unfortunate long term complication of prior irradiation to the brain seen with increasing frequency as more patients who received prior irradiation to the brain survive their initial diagnosis. The two most common radiation associated tumors are meningiomas and GBM. In this vignette, the presence of an intraparenchymal mass with necrosis and a contrast enhancing rim describes the classic imaging features of GBM. Prognosis is particularly poor for these patients an even short EFS than patients presenting with de-novo GBM.

15. A 7-year old boy presents with precocious puberty characterized by pubic hair development, testicular and penile enlargement.  CT scan of the chest, abdomen and pelvis are normal.  MRI of the brain reveals a small enhancing mass in the pineal region, without evidence of hydrocephalus.  The appropriate diagnostic study at this point would be:

A.  MRI of the spine

B.  Lumbar puncture for tumor markers and cytopathology

C.  Stereotactic biopsy of the mass

D.  Craniotomy for definitive surgical resection

Answer:  B


Explanation:  The finding of precocious puberty with evidence of a pineal mass (or suprasellar mass) on brain MRI raises the possibility of a non-germinomatous germ cell tumor (NG-GCT).  Diagnosis can often be established by CSF analysis for elevation in AFP or beta-HCG, and is occasionally supported by evidence of tumor cells on cytopathology.  If the CSF markers are sufficiently elevated then a presumed diagnosis of NG-GCT can be made and treatment initiated in the absence of a tumor biopsy or attempted resection.

