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J N S PEDIATRICS

CASE REPORT

J Neurosurg Pediatr 19:531-537, 2017

Metastatic clival chordoma: a case report of multiple
extraneural metastases following resection and proton
beam radiotherapy in a S-year old boy

*Martin J. Rutkowski, MD, Harjus S. Birk, BS,' Matthew D. Wood, MD, PhD,? Arie Perry, MD,?
Theodore Nicolaides, MD,'* Christopher P. Ames, MD,' and Nalin Gupta, MD, PhD"?

Departments of ‘Neurological Surgery, 2Pathology, and *Pediatrics, University of California, San Francisco, California

The authors report the case of a 5-year-old boy in whom extraneural metastases developed 5 years after he underwent
an occipitocervical fusion and transoral approach to treat a clival chordoma without local recurrence. Following primary
resection, the patient’s postoperative course was complicated by recurrent meningitis secondary to CSF leak, which
responded to antibiotics, and communicating hydrocephalus, for which a ventriculoperitoneal shunt was placed. The
patient then underwent postoperative proton beam radiotherapy. Five years following his initial presentation, surveillance
imaging revealed a new asymptomatic lung mass for which the patient underwent thoracotomy and resection of the
mass. Histological examination of the lung mass revealed findings consistent with a de-differentiated chordoma, confirm-
ing extraneural metastasis from the original tumor without evidence of local recurrence. Chest wall and scalp metastases

subsequently developed, and the patient was started on an adjuvant chemotherapy regimen that included imatinib and
rapamycin followed by subsequent nivolumab and an EZH2 inhibitor for recurrent, disseminated disease. Despite this
patient's remote and distant metastases, primary gross-total resection for chordoma remains a critical treatment objec-
tive, followed by proton beam radiotherapy. This case illustrates the importance of interval posttreatment imaging and
the emerging potential to treat chordoma with molecularly targeted therapies.

https://thejns.org/doi/abs/10.3171/2017.1.PEDS16549

KEY WORDS chordomaj clival; intracranial; metastasis; recurrence; proton beam; transoral; oncology

both adults and children. Only 300 new cases are

diagnosed annually in the United States, and these
lesions are typically seen in adults between the ages of 45
and 70 years (median age 58.5 years) at diagnosis.** Epide-
miological data from one population-based study suggest
that the incidence of chordomas is 0.08 per 100,000, with
less than 5% arising in patients younger than 40 years of
age.*! In adult patients, clival chordomas account for 0.2%
of all intracranial tumors,* and among the pediatric popu-
lation, chordomas represent only 0.15% of all intracranial
tumors.’

The clinical presentation of these tumors is highly
dependent on anatomical location. Patients with sacral
chordomas present with back pain, radiculopathy, lower-
extremity pain, and/or urinary incontinence.? In cases of
intracranial chordomas, patients present with headaches
and cranial neuropathies leading to symptoms such as dip-
lopia, facial numbness, dysphonia, and dysphagia.?®

C LIVAL chordoma is a rare tumor that can occur in

Limited evidence indicates that pediatric chordomas
may be more aggressive than adult chordomas,’15:16:24.26.31.
4048,33.556263 perhaps due to the relative proportion of intra-
cranial tumors in children relative to adults,”* more aggres-
sive pathological features such as high p53 immunoreac-
tivity (suggestive of a TP53 gene mutation), higher MIB-1
labeling index, and higher rates of necrosis and cytological
atypia.®? Furthermore, loss of the tumor suppressor gene
INII has been implicated as a marker of a more aggressive
biology in pediatric chordomas.**¢? Pathological classifica-
tion also plays a role in determining prognosis; in one of
the larger series reported, Borba and colleagues reported
on 79 cases of intracranial chordoma in which pathologi-
cal examination revealed classical, chondroid, and atypical
rates of 64.6%, 13.5%, and 22.5%, associated with mortal-
ity rates of 23.1%, 37.5%, and 100%, respectively.’ Similar
to these findings, 2 other large case series on pediatric pa-
tients found an association between atypical pathology and
worsened survival 362

ABBREVIATIONS EMA = epithelial membrane antigen; PBRT = proton beam radiotherapy; VP = ventriculoperitoneal.
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While rates of metastasis range from 3% to 48% among
all clival, sacral, and vertebral chordomas in adults, esti-
mates of metastasis in children indicate a possible bimod-
al distribution, with patients under 5 years of age demon-
strating a rate as high as 58%, compared with just 8.5%
for patients who are 5 years of age or older.?® Pulmonary
metastases appear to be most common in the pediatric
population, followed by the lymphatic system, bone, liver,
kidney, adrenal glands, and the heart.? Atypical pathology
has also been associated with metastatic tumors.>®-> Nev-
ertheless, clinical, pathological, and molecular predictors
of metastasis remain unclear.

We describe the case of a comprehensive management
strategy in a 5-year-old boy who presented with a clival
chordoma and underwent occipitocervical fusion, transor-
al gross-total resection, and adjuvant proton beam radio-
therapy (PBRT). Despite success with control of the intra-
cranial disease, the patient developed remote and distant
pulmonary, bony, and soft-tissue metastases.

Case Report
History and Examination

A 5-year-old boy presented with a 2-month history of
increasing positional neck pain, dyspnea, and dysphagia.
His parents reported a concomitant decline in appetite and
oral intake, decreased gustatory sensation, and headaches
occurring at night and upon awakening. Mild speech
hesitation and dysarthria were also noted. There were no
visual changes, vertigo, gait ataxia, seizures, or loss of
consciousness. Neurological examination was notable for
left hypoglossal neuropathy with tongue protrusion to the
left, but the patient was otherwise neurologically intact.
His medical and surgical histories were notable only for a
previously excised atretic, undescended testicle. His fam-
ily and social histories were unremarkable, and his only
medications included over-the-counter analgesics.

Imaging

A CT brain scan revealed a 2-cm hyperdense, bi-lobed
mass arising from the basion and abutting the left verte-
brobasilar junction, exerting mild mass effect on the me-
dulla. There was no evidence of hydrocephalus. An MRI
scan confirmed the presence of a mass at the junction of
the interior clivus and tip of the odontoid process, arising
from the basion and extending posteriorly toward the me-
dulla (Fig. 1). The mass measured approximately 2.2 x 0.9
x 1.1 cm and was associated with abnormal nonenhancing
T2 hyperintensity within the interspace between the infe-
rior clivus and dens process. There was intrinsic T1 hyper-
intensity and FLAIR hyperintensity at the lesion’s inferior
border, without vessel compromise or bony involvement of
the atlas, axis, or clivus.

Operation

Prior to a transoral resection for the skull base tu-
mor, the patient underwent a planned occiput—C2 fusion.
A C1-2 Harm’s fusion with an occipital plate and rods
was performed. Navigation and fluoroscopy were used
to confirm accurate placement of all instrumentation. A
corticocancellous graft obtained from the right iliac crest
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FIG. 1. Brain MRI with T1-weighted precontrast (A), T1-weighted post-
contrast (B and D), and T2-weighted (C) sequences demonstrating a
2.2-cm bi-lobed mass arising from the basion with abutment of the left
vertebrobasilar arterial junction and mild mass effect on the left ventral
medulla without associated T2 hyperintensity.

was placed over the decorticated region from the occiput
to C-2 to facilitate a bony arthrodesis. Seven days later,
the patient underwent elective tracheostomy to facilitate
second-stage transoral approach.

Thirteen days following his occipitocervical fusion, the
patient underwent a planned transoral resection of the in-
tra- and extradural clival mass. The C-1 anterior ring was
identified and the dens and clivus removed, ultimately ex-
posing the soft-tissue lesion that was then sent for biopsy
and confirmed to be a clival chordoma. Microscopic and
endoscopic magnification ensured both gross-total intra-
and extradural resection, and dural margins were assessed
for any residual tumor attachment. During repair, Duragen
was placed into the bony space and filled with autologous
fat graft material obtained from the periumbilical region.
Fibrin glue and layered closure of the posterior orophar-
ynx concluded the procedure. A lumbar drain was then
placed. Postoperative imaging revealed gross-total resec-
tion of the primary clival chordoma (Fig. 2).

Pathological Findings

Histological analysis revealed a classic chordoma com-
posed of small epithelioid cells with a vacuolated cyto-
plasm superimposed on a basophilic mucin-rich back-
ground, with minimal cytological atypia and no significant
mitotic activity (Fig. 3). The chordoma exhibited scattered
foci of necrosis with an accompanying component of re-
active lymphocytes. On immunohistochemical analysis,
tumor cells showed strong positivity for cytokeratin and
epithelial membrane antigen (EMA) and tested negative
for S-100 immunoreactivity (Fig. 3). The MIB-1 labeling
index was estimated at 10%. Immunohistochemistry for
brachyury was not performed.



FIG. 2. Postoperative brain T1-weighted postcontrast axial (left) and
sagittal (right) MRI sequences demonstrating interval gross-total resec-
tion of the patient’s clival chordoma.

Postoperative Course

The patient’s initial postoperative course was unevent-
ful, and his tracheostomy was successfully weaned. He
was discharged to home with no neurological deficits.
However, 2 weeks following the tumor resection, he was
readmitted for meningitis. A peripheral blood smear and
lumbar puncture (CSF with 6400 white blood cells) dem-
onstrated bacterial meningitis with Klebsiella pneumonia,
for which he received vancomycin and ceftriaxone for 7
days. A cisternogram showed a CSF leak in the region
where the clival mass was resected, with an associated du-
ral defect. The patient underwent operative repair of the
CSF leak, a nasal septal flap was mobilized, and a lumbar
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drain was placed. There was a persistent leak, and 1 week
later an external ventricular drain was placed. Despite ini-
tial resolution, the CSF leak persisted after clamping of
the extraventricular drain (EVD). Ultimately, a right fron-
tal ventriculoperitoneal (VP) shunt was placed. Following
discharge, the patient underwent adjuvant PBRT.

Follow-Up

Two years later, on a routine MR imaging study, an area
of enhancement was noted in the midclival region. Due to
concern for local tumor recurrence, he was admitted to the
hospital and taken to the operating room for endoscopic
transnasal and transoral biopsies, which were negative for
tumor recurrence. Pathological examination of the tissue
demonstrated bone and fibroconnective and fibrovascular
tissue without any evidence of recurrent chordoma. Un-
fortunately, the procedure was complicated by recurrent
CSF leak and meningitis. His VP shunt was removed and
replaced 2 weeks later after a course of antibiotics.

Development of Metastases

During surveillance imaging, a routine chest radio-
graph demonstrated a new, asymptomatic, right pulmo-
nary lesion 4.6 years following his initial resection. A
PET/CT scan demonstrated an isolated right lower lobe
mass measuring 3.8 x 2.9 cm (Fig. 4), for which he under-
went a wedge resection at an outside facility. The histol-
ogy of the lung mass was reviewed at the University of
California, San Francisco, and confirmed to be metastatic,
poorly differentiated chordoma composed of pleomorphic

T R S g e B

FIG. 3. H & E-stained section (A) of the clival mass revealing a neoplasm composed of neoplastic epithelioid cells with foamy
vacuolated cytoplasm on a basophilic mucoid background, with minimal atypia and no significant mitotic activity. Tumor cells are
immunoreactive for cytokeratin (B) and EMA (C) but are not reactive to antibodies against S-100 protein (D). Figure is available in

color online only.
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FIG. 4. PET/CT scan revealing a prominent right lower lobe chordoma
metastasis 4.6 years after initial transoral gross-total resection.

epithelioid cells with vesicular chromatin and significant
mitotic activity (Fig. 5). The immunohistochemical pro-
file matched that of the original tumor, with strong immu-
nopositivity for pancytokeratin and EMA and no staining
for S-100 (not shown). Additional immunohistochemical
profiling showed strong nuclear positivity for brachyury
and nuclear INI-1 in tumor cells, the latter a frequent al-
teration in de-differentiated chordoma (Fig. 5).** A tumor
sample was sent to Caris Life Sciences for CLIA-ap-
proved genetic and immunohistochemical analysis in the
hope of identifying targetable alterations in this unusual
recurrence. After testing for 592 biomarkers as part of the
panel, the tumor showed loss of PTEN, high expression
of PD-L1, and loss of INI-1 (SMARCBI1/SNF5/BAF47),
confirming the INI-1 immunohistochemistry result.

In the following months, the patient developed multiple
metastases in his right chest wall and right calvaria, for
which he was started on imatinib and sirolimus given evi-
dence that the mammalian target of rapamycin (mTOR)
pathway is activated in many chordomas and combina-
tion therapy enhances treatment response in advanced
disease.’® He subsequently demonstrated tumor regression
and pain improvement. However, 9 months after resection
of the pulmonary metastases, the patient developed a right
frontal scalp mass with drainage and early breakdown
of skin adjacent to his right frontal VP shunt. To prevent
exposure of the shunt and allow healing of the scalp, the
mass was surgically removed and a scalp rotational flap
used to close the soft-tissue defect. The histological ap-
pearance of the mass was consistent with metastatic chor-
doma. The patient was subsequently started on nivolumab
due to the tumor’s high expression of PD-L1, and he expe-
rienced further reductions in his thoracic pain. Six months
later, despite lasting pain reduction in response to 2 doses
of nivolumab, he developed a new and discrete painful
chest mass. Nivolumab was stopped and an EZH?2 inhibi-
tor started due to loss of INI-1 seen on immunohistochem-
istry and genetic testing; he is currently on this novel ther-
apy and awaiting follow-up to assess response.

Discussion

We describe an unusual case of a metastatic clival chor-
doma in a 5-year-old boy following resection and adjuvant
PBRT. His case is unique for the delayed fashion in which
he developed metastases distant from his primary clival
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resection site despite gross-total resection and adjuvant
PBRT, and the high morbidity associated with his trans-
oral approach, including the need for multiple CSF leak
repairs, CSF diversion with a right frontal VP shunt, and
recurrent episodes of meningitis. His clinical course high-
lights the need for close follow-up with interval surveil-
lance imaging—performed at least annually—given the
relatively low rates of progression-free and overall surviv-
al observed as early as 5 years following initial treatment,
and in particular in cases of subtotal resection.'-?328-3.
4647 Additionally, the development of systemic symptoms
should prompt a low threshold for pan-imaging to rule out
metastases. Removal of all macroscopic tumor tissue and
adjuvant postoperative radiotherapy does not prevent tu-
mor recurrence and progression.'®

It has been widely reported that patients with untreated
chordomas have 5- and 10-year overall survival rates of
68% and 35%, respectively.*# Mean survival for pediat-
ric patients with untreated chordoma is only 28 months
following symptom onset.*! In patients treated surgically
with gross-total resection or subtotal resection, the 5-year
overall survival rates have been shown to increase to 82%
and 52%, respectively, indicating that complete resection
may have a significant impact on long-term survival.! With
resection and adjuvant external-beam radiotherapy, mean
survival increases to 3.6—6.6 years.*!

Proton Beam Radiotherapy

PBRT is an attractive adjuvant therapy in pediatric pa-
tients. It is highly effective in reducing the irradiated tu-
mor volume given that there is no exit dose within a few
millimeters distal to the tumor site,”” and protons affect
specific populations of tumor cells without adversely af-
fecting neighboring tissue, unlike photons used in other
radiotherapy techniques.”” PBRT also offers an advantage
because of the reduced dose required to reach deeper tis-
sues (Bragg peak).!214

Studies investigating the role of adjuvant PBRT on me-
dian survival rates in patients with chordomas have report-
ed 5- and 10-year median survival rates of 78% and 63%,
respectively, following resection plus adjuvant PBRT.?
Another series of 13 patients treated with PBRT for chor-
domas demonstrated an overall survival rate of 67% at 5
years.’® The 5-year local control rates following PBRT for
chordoma range from 47% to 73% and ultimately increase
with decreasing tumor size.*64’

Nevertheless, despite the widespread prevalence of
PBRT for residual or recurrent disease, it does not appear
to be superior to other radiation modalities in either 5-year
progression-free survival or overall survival; one meta-
analysis comparing PBRT to Gamma Knife radiosurgery,
carbon ion radiotherapy, and LINAC fractionated thera-
py found no significant differences beyond a lower 5-year
progression-free survival for Gamma Knife radiosur-
gery versus carbon ion radiotherapy.'® Another review on
PBRT for skull base chordomas estimated a rate of 60%
progression-free survival following PBRT versus 50% for
fractionated external-beam radiotherapy, concluding there
was little evidence to support one adjuvant radiation mo-
dality over another.!

While PBRT is increasingly used as an adjuvant treat-
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FIG. 5. A and B: H & E-stained sections of the lung mass showing a poorly differentiated epithelioid neoplasm composed of cells
with pleomorphic, hyperchromatic nuclei and brisk mitotic activity (up to 10 mitotic figures in 10 hpf). C: The tumor cells show
strong nuclear reactivity for brachyury. D: The tumor cell nuclei are negative for INI-1. Figure is available in color online only.

ment for long-term control of chordoma, the literature re-
mains very limited regarding rates of metastatic disease,
particularly in pediatric patients. In one pediatric series of
PBRT for chordoma, local tumor control was maintained
in 6 of 10 patients, with no tumor recurrence or metas-
tases on follow-up at 5 years posttreatment.?*?° Benk et
al.® compared the outcomes of 18 pediatric patients (ages
4-18) with skull base and cervical spinal chordomas who
underwent adjuvant PBRT, in which the 5-year overall
survival rate was 68%. Interestingly, 3 (16.7%) of the 18
children developed distant metastases: 1 patient with lo-
cal tumor control developed bilateral pulmonary metas-
tases 22 months after cervical chordoma resection, while
the other 2 patients developed pulmonary metastases at 15
and 22 months postresection.® By comparison, the authors
of a series of adult patients with intracranial chordoma
who underwent resection followed by PBRT reported a
metastatic rate of 27%.%° Overall, the limited amount of
published data makes it difficult to compare rates of me-
tastasis among the different radiation modalities, and no
obvious superior modality has been established for local
progression free—survival and overall survival when com-
paring proton- and photon-based radiotherapy.':?

Finally, it is important to note that a pediatric chordo-
ma patient being treated with PBRT is at increased risk
of vasculopathy and secondary neoplasms,** and for this
reason, it is worthwhile to perform annual surveillance
MRI and MR angiography. Furthermore, unlike adults,
for whom the chance of treatment-related metastasis in-
creases within 2—4 years postirradiation, metastases may
develop 5-10 years postirradiation in children,?** corrob-
orating our assertion that long-term interval surveillance
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imaging is critical for tumor detection. Neuroendocrine
axis screening is also essential throughout the duration of
PBRT to ensure the integrity of pituitary gland function.

Medical Therapy

Evidence on the effectiveness of chemotherapy for
clival chordoma remains largely experimental and anec-
dotal, with most reports in the literature coming in the
form of case reports and small case series.'* Chemothera-
peutic regimens have been used to varying degrees of
success, including ifosfamide/doxorubicin,™ ifosfamide/
etoposide,'® cisplatin/bleomycin/vinblastine,® and a pro-
spective trial of 9-nitro-camptothecin.!* The spectrum of
molecular alterations identified in chordomas® has led to
scattered reports of inhibitors against epidermal growth
factor receptor,?-26-3:363 platelet-derived growth factor
receptor,®7 mTOR,*% and vascular endothelial growth
factor* being used in their treatment, with almost all publi-
cations reporting some level of partial response and symp-
tom relief.

We used a regimen of chemotherapeutic agents targeted
to the molecular alterations frequently found in chordomas
and those specific to this patient’s tumor. Given frequent
dysregulation of mTOR and platelet-derived growth fac-
tor receptor in chordoma,'** sirolimus and imatinib were
started at the patient’s first presentation of disseminated
disease. Upon further disease progression, nivolumab
was selected due to the tumor’s observed overexpression
of PD-L1. Though not studied in chordoma specifically,
nivolumab has demonstrated efficacy in the treatment of
non—small cell lung cancer,'®!2 renal cell carcinoma,* and
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melanoma,*-2%" in which upregulation of PD-L1 levels is
seen. While this proved highly effective after 2 doses, the
patient’s development of a new thoracic metastasis led to
use of the INI-1 inhibitor EZH2. Loss of INI-1 in chor-
doma has been associated with pediatric tumors*$ and a
more aggressive phenotype.#* EZH2, short for enhancer
of zeste homolog 2, is an enzymatic subunit of a larger
complex known as Polycomb repressive complex 2 which
helps methylate lysine 27 of histone H3 and silence gene
transcription. Overexpression, gain of function, and loss of
function mutations of EZH2 have been implicated in mul-
tiple cancer types including breast, prostate, glioblastoma,
lung, and myeloproliferative disorders.> Importantly, a
number of preclinical and Phase I and II trials are under-
way using EZH?2 inhibitors in these various cancer types,*?
underscoring the possibility that our molecularly targeted
approach may show efficacy in the treatment of this pa-
tient’s chordoma.
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