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Abstract: Chordoma in pediatric patients is very rare. Proton therapy has become a gold standard in
the treatment of these neoplasms, as high dose escalation can be achieved regarding the target while
maximizing the sparing of the healthy tissues near the tumor. The aim of the work was to assess the
evolution of morphological sequences during treatment using T1/T2-weighted magnetic resonance
imaging (MRI) for the early response assessment of a classic chordoma of the skull base in a pediatric
patient who had undergone surgical excision. Our results demonstrated a significant quantitative
reduction in the residual nodule component adhered to the medullary bulb junction, with an almost
complete recovery of normal anatomy at the end of the irradiation treatment. This was mainly shown
in the T2-weighted MRI. On the other hand, the classic component of the lesion was predominantly
present and located around the tooth of the axis. The occipital condyles were morphologically and
dimensionally stable for the entire irradiation period. In conclusion, the application of this type
of monitoring methodology, which is unusual during the administration of a proton treatment for
chordoma, highlighted the unexpected early response of the disease. At the same time, it allowed the
continuous assessment of the reliability of the treatment plan.

Keywords: chordoma; proton therapy; response assessment; pediatric

The patient was a 10-year-old female with a severe occlusion in the upper airways
(highlighted by an urgent first MRI) due to a bulky expansive lesion with net margins
involving nearly the whole clivus area, extending up to C2–C3. The lesion studied in
the morphological T1/T2-weighted sequences presented hyperintense, non-homogenous
characteristics in T2 (see Figure 1b,c) and an isointense appearance in T1 (see Figure 1a),
with intense enhancement after administration of the contrast medium.
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Figure 1. Imaging at diagnosis: (a) sagittal view, (b) coronal view, (c) axial view. 

 
Figure 2. Pre-proton therapy images (representative T2-weighted MRI axial views (a) and (b)) and 
histologic examination after biopsy at the first diagnosis (c). 

Chordomas are a rare disease; they represent 0.2% of primary brain tumors and fewer 
than 5% of primary bone tumors. About 5% of all the chordomas tumors occur in patients 
under 20 years of age. They originate from the primitive residues of the notochord, with 
an average age at diagnosis of 10 years and a male-to-female ratio equal to 1 [1,2]. 

Figure 1. Imaging at diagnosis: (a) sagittal view, (b) coronal view, (c) axial view.

Given the complexity of the case due to the location and extension of the disease, three
surgical operations were performed: two via an endoscopic approach (via oral pathway)
and one defined as open. All surgeries confirmed the histologic diagnosis of a classic
chordoma (see Figure 2c).
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Chordomas are a rare disease; they represent 0.2% of primary brain tumors and fewer
than 5% of primary bone tumors. About 5% of all the chordomas tumors occur in patients
under 20 years of age. They originate from the primitive residues of the notochord, with an
average age at diagnosis of 10 years and a male-to-female ratio equal to 1 [1,2].

Pediatric chordomas are most frequent in the intracranial area, with a typical local-
ization in the sphenoidal-occipital synchondrosis and a more common “undifferentiated”
histology [3,4].

MRI provides a perfect tool for the evaluation of the tumor mass and the surrounding vital
organs (brainstem and cervical medulla), as well as the vascular system and the cranial nerves.

The classic chordoma in MRI is iso/hypointense in the T1-weighted images but typically
hyperintense in the T2-weighted images, this being due to their increased water component.
This can also be associated with mucous, hemorrhages, and calcification. Lobular aspects
and multiple hypo-intense septa that are connected to areas of necrosis or cartilage were
present in this case.

The reaction to gadolinium is extremely heterogeneous and can vary from homoge-
nous to marked enhancement (with a honeycomb like appearance and linear areas of
non-enhancement) [5,6].

Figure 2 “a” and “b” show the axial T2-weighted MRI with the macroscopic residual
of the disease post-surgery, just before the beginning of proton therapy treatment.

As can be seen in the top image, the disease was present bilaterally on the tooth of
the axis and was characterized by two different MRI-signaled components in T2, with one
component being frankly hyperintense in T2, typical of the radiological signal of the classic
histology upon the right condyle (thin red arrow in Figure 2a,c).

One nodule component was non-homogenous hypo–hyperintense in T2 and was
represented by a left para-medullary bulb with compression and a shift on the spinal cord
(thick red arrow in the Figure 2b); such a feature is less common in the classic type of
histology but is more typically present in de-differentiated chordomas (it is possible that
it can appear in post-surgical resection) [7,8]. The histological picture is of a neoplasm
composed by chords and strands of tumor cells embedded in a myxoid background.
The tumor cells show abundant pink cytoplasm and round regular nuclei with little
cytological atypia. Some cells show multiple cytoplasmic vacuoles creating the classic
bubbly appearance of physaliferous cells. On immunohistochemical examination, the
neoplasm appears diffusely immunoreactive for cytokeratin and EMA and shows nuclear
immunoreactivity for brachyury and variable S100 positivity. A diagnosis of conventional
chordoma was made.

The surgeon implanted titanium spinal stabilizers and a nasogastric tube for feeding.
The patient was in fair psychological and clinical conditions before the start of proton
therapy. There were motor and sensory neurological deficits of the following cranial nerves:
IX–X–XI–XII. Paralysis of the left vocal cord and difficulty in completely opening the oral
cavity were evident, as well as severe oropharyngeal dysphagia for solid and liquid foods.

The proton therapy intent was curative, and was performed at the Proton Therapy
Centre in Trento, Italy.

Despite the slow growth rate, the prognosis for this kind of neoplasia is poor. Currently,
the local recurrence rate remains high, being up to 20% in the first-year post diagnosis.
Unfortunately, the prognostic factors for chordoma are mostly unknown [5,9]. Currently,
the first treatment choice is surgical excision. Resections are unlikely to be complete and
adjuvant radiotherapy is administered in most of the cases.

Nowadays, proton therapy lends itself to being the gold standard in the treatment of
pediatric chordoma [10,11].

The need for high dose gradients to keep the disease locally controlled, as well as the
presence of vital organs at risk (OARs) of severe complications, determined the choice of
proton therapy as the radiotherapeutic treatment option. The global survival rate reported
in the literature is equal to 89% and 60%, respectively, at 5 and 7.25 years from diagnosis in
patients with chordomas of the skull base who undergo surgery and proton therapy [2,12].
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The side effects of proton therapy in these published cases may seem minor with re-
spect to those published for conventional radiotherapy. This only reinforces the dosimetric
potential of proton therapy to reach high dose gradients while safeguarding nearby OARs.

The main side effects are represented by hypopituitarism, sensorineural hearing loss,
worsening of visual impairment, temporal lobe necrosis, and neurological damage due to
brain stem and spinal cord injury [13].

A computed tomography (CT) scan of the patient in supine position was acquired. To
guarantee the immobilization and reproducibility of the patient position on the treatment
couch, a thermoplastic mask coupled with a customized cushion made of a dedicated foam-
like material was used. The CT scan and the pre-treatment MRI images were registered to
help the clinician to identify the structures of interest. The clinician used the CT images to
define the target volume and OARs to be spared. The treatment plan was then prepared
using a commercial treatment planning system (Elekta XIO) equipped with a pencil beam
dose calculation algorithm. A 3-field (1 posterior and 2 anterior-oblique) plan was created
using a single-field-optimization technique [14]. The total prescription dose for the target
was 73.8 GyRBE, delivered in 41 fractions (1.8 GyRBE per fraction, 5 fractions a week),
while the main constraints (expressed as allowed dose to 1% of the volume) were set for
the brainstem and spinal cord at 54 GyRBE and 50 GyRBE, respectively. The treatment
was delivered in a proton therapy gantry room featuring a pencil beam active scanning
technique. The Figure 3 shows the planned dose distributions on the CT scan.
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Figure 3. Treatment planning: proton dose distributions in coronal, axial and sagittal views.

The following contours are reported: planning target volume 0–54 GyRBE (blue), plan-
ning target volume 54–73.4 GyRBE (red), nodule component (green), brainstem (purple),
and spinal cord (yellow).

Four MRI examinations (T2-weighted sequence, without contrast) were acquired over
the treatment course at doses of 32.4, 54, 64.8, and 73.8 GyRBE, respectively (Figure 4).

The figure shows temporal sequence of T2-weighted MR axial images of the nodular
component at different times. The upper-left image represents the situation at diagnosis,
while the others (clockwise direction) show the evolution during the treatment.

The bony component of the lesion around the tooth of the axis did not change in
volume or morphology over the course of treatment, whereas the nodule component
showed a progressive dimensional modification from 2.323 cc at the beginning of the
treatment to 2.829 cc at 32.4 Gy RBE, 2.051 cc at 54 Gy RBE, and 1.045 cc at 64.8 Gy RBE
and 73.4 Gy RBE (Figure 5). This led to a total reduction from the beginning to the end of
proton therapy of 1.278 cc (about 55% of the initial volume). This reduction allowed the
decompression of the spinal cord.
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Figure 5. The plot shows the nodule component reduction over proton treatment course.

The early response of this nodular component of chordoma was an unexpected finding
during the irradiation, which should be described as an early therapeutic response. Such
a result is even more meaningful considering that this tumor area received less than
prescribed dose because of its proximity to the spinal cord. At the same time, although
the dose to the spinal cord was constrained to 54 GyRBE, thanks to the quality of the
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treatment plan, at least 50% of this tumor area received 70 GyRBE. This may justify the
good radiological outcome.

The irradiation with proton therapy at high dose levels in a child with such a lesion
was not trivial. Taking into account the critical OARs like the cervical chord, bulb-cervical
chord junction, brainstem in close proximity to the tumor, and the dose gradient required
to cover the target on one hand while sparing the OARs on the other hand makes this kind
of treatment very challenging. The radiological monitoring, due to the unexpected early
response of the nodular component, allowed us to check that the irradiation took place in a
safe manner without damaging the critical structures. Despite the dimensional changes in
the nodular components adjacent to the bulb-cervical cord junction, the margin adopted
for planning proved to be adequate, so no adaptive re-planning was performed.

The available literature describes how these lesions alter little or do not change in
size. However, they do remain stable after irradiation regardless of whether conventional
and/or particle (protons and ions) therapy is used [15].

This diagnostic and clinical finding highlighted using MRI radiological monitoring
during proton treatment in a pediatric patient with chordoma in the skull base may
represent a new approach to clinical radiological monitoring. This approach provides an
advantage to ensure the reliability of the radiation treatment, providing data with regard
to plan evaluation and the safety of the patient.

Author Contributions: Conceptualization, S.V., A.C. (Antonella Cacchione) and S.L.; methodology,
S.L. and S.V.; software, S.L. and D.A.; resources G.S.C., and A.C. (Antonella Cacchione); formal
analysis, S.L, R.D.V. and D.A.; data curation R.D.V., S.L. and D.A.; writing—review and editing, S.V.,
S.L., A.C. (Antonella Cacchione) and A.M.; visualization: A.C. (Andrea Carai) and B.P.; supervision:
A.M. and M.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Written informed consent was obtained from the minor’s legal guardian
for the publication of any potentially identifiable images or data included in this article.

Data Availability Statement: Not applicable.

Acknowledgments: The authors thank the participating family.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.

References
1. George, B.; Bresson, D.; Bouazza, S.; Froelich, S.; Mandonnet, E.; Hamdi, S.; Orabi, M.; Polivka, M.; Cazorla, A.; Adle-Biassette, H.;

et al. Les Chordoma. Neurochirurgie 2014, 60, 63–140. [CrossRef] [PubMed]
2. Beccaria, K.; Sainte-Rose, C.; Zerah, M.; Puget, S. Paediatric Chordomas. Orphanet J. Rare Dis. 2015, 10, 116. [CrossRef] [PubMed]
3. Borba, L.A.; Al-Mefty, O.; Mrak, R.E.; Suen, J. Cranial chordomas in children and adolescents. J. Neurosurg. 1996, 84, 584–591.

[CrossRef] [PubMed]
4. Sebro, R.; DeLaney, T.; Hornicek, F.; Schwab, J.; Choy, E.; Nielsen, G.P.; Rosenthal, D.I. Differences in sex distribution, anatomic

location and MR imaging appearance of pediatric compared to adult chordomas. BMC Med. Imaging 2016, 16, 53. [CrossRef]
[PubMed]

5. Santegoeds, R.G.; Temel, Y.; Beckervordersandforth, J.C.; Van Overbeeke, J.J.; Hoeberigs, C.M. State-of-the-Art Imaging in Human
Chordoma of the Skull Base. Curr. Radiol. Rep. 2018, 6, 16. [CrossRef] [PubMed]

6. Maclean, F.M.; Soo, M.Y.S.; Ng, T. Chordoma: Radiological-pathological correlation. Australas. Radiol. 2005, 49, 261–268.
[CrossRef] [PubMed]

7. Kim, S.C.; Cho, W.; Chang, U.K.; Youn, S.M. Two cases of dedifferentiated chordoma in the sacrum. Korean J. Spine 2015, 12, 230.
[CrossRef] [PubMed]

8. Frankl, J.; Grotepas, C.; Stea, B.; Lemole, G.M.; Chiu, A.; Khan, R. Chordoma dedifferentiation after proton beam therapy: A case
report and review of the literature. J. Med. Case Rep. 2016, 10, 280. [CrossRef] [PubMed]

9. Wu, Z.; Zhang, J.; Zhang, L.; Jia, G.; Tang, J.; Wang, L.; Wang, Z. Prognostic factors for long-term outcome of patients with surgical
resection of skull base chordomas-106 cases review in one institution. Neurosurg. Rev. 2010, 33, 451–456. [CrossRef] [PubMed]

http://doi.org/10.1016/j.neuchi.2014.02.003
http://www.ncbi.nlm.nih.gov/pubmed/24856008
http://doi.org/10.1186/s13023-015-0340-8
http://www.ncbi.nlm.nih.gov/pubmed/26391590
http://doi.org/10.3171/jns.1996.84.4.0584
http://www.ncbi.nlm.nih.gov/pubmed/8613849
http://doi.org/10.1186/s12880-016-0149-5
http://www.ncbi.nlm.nih.gov/pubmed/27609115
http://doi.org/10.1007/s40134-018-0275-7
http://www.ncbi.nlm.nih.gov/pubmed/29629241
http://doi.org/10.1111/j.1440-1673.2005.01433.x
http://www.ncbi.nlm.nih.gov/pubmed/16026431
http://doi.org/10.14245/kjs.2015.12.3.230
http://www.ncbi.nlm.nih.gov/pubmed/26512292
http://doi.org/10.1186/s13256-016-1076-3
http://www.ncbi.nlm.nih.gov/pubmed/27729085
http://doi.org/10.1007/s10143-010-0273-6
http://www.ncbi.nlm.nih.gov/pubmed/20668904


Diagnostics 2021, 11, 1117 7 of 7

10. Walcott, B.P.; Nahed, B.V.; Mohyeldin, A.; Coumans, J.V.; Kahle, K.T.; Ferreira, M.J. Chordoma: Current concepts, management,
and future directions. Lancet Oncol. 2012, 13, e69–e76. [CrossRef]

11. Choi, G.H.; Yang, M.S.; Shin, H.C.; Kim, K.N.; Yi, S.; Lee, D.Y.; Ahn, P.G.; Ha, Y. Pediatric cervical chordoma: Report of two cases
and a review of the current literature. Childs Nerv. Syst. 2010, 26, 835–840. [CrossRef] [PubMed]

12. Habrand, J.L.; Schneider, R.; Alapetite, C.; Feuvret, L.; Petras, S.; Datchary, J.; Grill, J.; Noel, G.; Helfre, S.; Ferrand, R.; et al. Proton
Therapy in Pediatric Skull Base and Cervical Canal Low-Grade Bone Malignancies. Int. J. Radiat. Oncol. Biol. Phys. 2008, 71,
672–675. [CrossRef] [PubMed]

13. Habrand, J.L.; Bondiau, P.Y.; Dupuis, O.; Lévy-Piedbois, C.; Marin, J.L.; Oberlin, O. Late effects of radiotherapy in children. Cancer
Radiother. 1997, 1, 810–816. [CrossRef]

14. Yeung, D.; McKenzie, C.; Indelicato, D.J. A dosimetric comparison of intensity-modulated proton therapy optimization techniques
for pediatric craniopharyngiomas: A clinical case study. Pediatr. Blood Cancer. 2014, 61, 89–94. [CrossRef] [PubMed]

15. Rieken, S.; Habermehl, D.; Nikoghosyan, A.; Jensen, A.; Haberer, T.; Jäkel, O.; Münter, M.W.; Welzel, T.; Debus, J.; Combs, S.E.
Assessment of early toxicity and response in patients treated with proton and carbon ion therapy at the Heidelberg ion therapy
center using the raster scanning technique. Int. J. Radiat. Oncol. Biol. Phys. 2011, 81, e793–e801. [CrossRef] [PubMed]

http://doi.org/10.1016/S1470-2045(11)70337-0
http://doi.org/10.1007/s00381-009-1076-3
http://www.ncbi.nlm.nih.gov/pubmed/20094721
http://doi.org/10.1016/j.ijrobp.2008.02.043
http://www.ncbi.nlm.nih.gov/pubmed/18440726
http://doi.org/10.1016/S1278-3218(97)82962-9
http://doi.org/10.1002/pbc.24593
http://www.ncbi.nlm.nih.gov/pubmed/24000229
http://doi.org/10.1016/j.ijrobp.2010.12.018
http://www.ncbi.nlm.nih.gov/pubmed/21300464

	References

