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Chordomas originate from remnant tissue of the notochord
during embryonic development, and has an incidence rate of
approximately 0.088 cases per 100,000 persons.1–3 Chordo-
mas are resistant to radiotherapy,4 and resection is the
mainstay of treatment.5 However, they occur in approxi-
mately equal proportions in the skull base, spine, and sacro-
iliac region, and not a few cases are unresectable.1,2,6,7 In
recent years, carbon ion/proton beam therapy has been
employed to treat unresectable chordomas with partial
efficacy.8,9 Despite its potential as a new treatment option

for such cases, recurrence still occurs, and there is no
consensus regarding its usage. Reduction surgery is an
option; however, its associated risks remain unknown. Pre-
vious reports on spine surgery after radiotherapy10,11 have
stated that increased complications can be expected with
particle therapy, thus complicating decision-making
processes.

We present a case of an unresectable axial chordoma that
was initially treated with carbon ion therapy, but later
recurred. The tumor grew slowly and compressed the
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Abstract Chordomas originate from remnant tissue of the notochord during embryonic
development, with a relatively low incidence rate. Furthermore, chordomas, being
resistant to radiotherapy, are primarily treated by resection; however, in some cases,
particularly in those that involve the skull base or upper cervical spine, chordomas are
unresectable. In recent years, carbon ion/proton beam therapy has shown significant
efficacy in such cases. However, it is not sufficiently curative and is commonly
associated with recurrence. Moreover, there is no consensus regarding the treatment
of recurrent cases, resulting in several uncertainties pertaining to it. Here, we present
the case of a 55-year-oldmale patient with axial chordomawho experienced recurrence
after carbon ion therapy and underwent tumor reduction surgery for a longer life span.
Two months postoperatively, dehiscence was found in the posterior pharyngeal wall,
probably due to heavy ion therapy. Salvage surgery was performed using an osteocuta-
neous radial forearm free flap, and the patient’s postoperative course was uneventful.
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cervical spinal cord. We decided to perform tumor reduction
surgery with iliac bone grafting to prolong the patient’s life.
Postoperatively, there was necrosis/defect in the mucosa of
the posterior pharyngeal wall that required reconstructive
surgery with an osteocutaneous radial forearm free flap. The
patient’s postoperative course was uneventful.

Our literature search revealed very few reports of surgical
resection of recurrent cervical chordomas after carbon ion
therapy, making this case valuable. Here, we report our
experience with this case, along with a review of the
literature.

Case Report

The patient was a 55-year-old man who had been diagnosed
with axial chordoma 7 years previously. Because of the loca-
tion of the tumor, this case was deemed unresectable, and
carbon ion therapy (60.8 Gy/16 Fr) was planned and per-
formed. The following year, he underwent posterior cervical
fusion (O–C5) for cervical spine instability. Unfortunately,

4 years later, the tumor recurred. Although tumor recurrence
wasconfirmed, owing to thedifficult treatmentapproach,only
follow-up was performed, which allowed the tumor to grow
slowly and continuously, leading to compression of the cervi-
cal spinal cord (►Fig. 1). To extend the patient’s life, tumor
reduction surgery was planned.

An intraoral approachwith amidlinemandibulotomywas
performed by a head and neck surgeon and an oral and
maxillofacial surgeon. An orthopaedic surgeon incised the
posterior wall of the pharynx and performed tumor reduc-
tion and free iliac bone transplantation. As the blood flow in
the mucosa of the posterior wall of the pharynx appeared
acceptable, and indocyanine green angiography showed rich
perfusion, only a simple suture was performed at closure
(►Fig. 2). However, the postoperative adhesion of the poste-
rior pharyngeal wall was not favorable, leading to the
development of a mucosal defect 2 months postoperatively
(►Fig. 3). Based on these results, a reconstructive surgery
was deemed necessary.

A reconstructive surgery was performed using an osteo-
cutaneous radial forearm free flap (►Fig. 4). The radius was

Fig. 1 Preoperative magnetic resonance imaging (MRI) scans revealing gradual progression of the tumor. (a) Sagittal section. (b) Axial section.

Fig. 2 The blood flow in the mucosa of the posterior wall of the
pharynx appeared acceptable. Fig. 3 Mucosal defect detected 2 months postoperatively.
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placed in front of the free iliac bone, whichwas non-necrotic,
and the posterior wall of the pharynx was reconstructed
using a skin paddle. The radial arterywas anastomosed to the
left superior thyroid artery and the venae of the radial artery
were anastomosed to the left facial vein. End-to-end anasto-
moses were performed in both sites. Oral intake of food was
allowed after 2 weeks postoperatively, and the patient was
discharged after 6 weeks. One-year postoperative computed
tomography (CT) images showed fusion between the grafted
radius, iliac bone, and surrounding bone (►Fig. 5).

Discussion

Carbon ion/proton beam therapy has been used for unre-
sectable chordomas in recent years.8,9 However, as it is a
relatively new treatment modality, there are few reports
based on its surgical use for recurrent chordomas, and many

aspects are still unknown. As complications are known to
increase during spinal surgery after radiotherapy,10,11 fur-
ther rise in complications can be expected with heavy
ion/proton beam therapy, and we hope that more cases
will be reported in future.

Baig Mirza et al12 reviewed reports of surgery for chor-
domas in the spine and found that various approaches were
employed depending on the tumor location. For upper
cervical spine cases, Zhou et al13 used a high retropharyngeal
or transoral/transmandibular approach,14while Hsieh et al15

used a submandibular or transmandibular approach. The
present case involving an upper cervical tumor was treated
using a transmandibular approach, which aligns with previ-
ous studies and seems to be a reasonable choice.

Since the transplanted iliac bone may have been necrotic,
we used osteocutaneous flap for surgery. However, the iliac
bone was not necrotic in this case, and we believe that
cutaneous flap would have been sufficient. What makes
this case novel is that the surgery was performed after heavy
ion therapy, as, to our knowledge, there are very few reports
of salvage surgery after this therapy. A meta-analysis by
Akinduro et al16 included 161 patients with cervical chor-
doma, with only three undergoing surgeries after proton
beam therapy and none after heavy ion therapy. Matsumoto
et al17 reported three cases of recurrent high cervical spine
malignancies after particle therapy, with one involving pro-
ton beam therapy and two involving carbon ion therapy. To
our knowledge, the only reported case of surgery after heavy
ion therapy was reported by Matsumoto et al. Among two of
Matsumoto et al’s cases after carbon ion therapy, one patient
showed deep wound infection and cerebrospinal leakage,
which developed into a defect of the mucosa of the posterior
pharyngeal wall, and the other patient also showed break-
down of the posterior pharyngeal wall, which required
reconstruction with a pectoralis major myocutaneous flap.
Based on these cases, Matsumoto et al suggested that myo-
cutaneous flap reconstruction should be considered during

Fig. 5 Computed tomography (CT) at 1 year postoperatively shows
fusion between the grafted radius, iliac bone, and surrounding bone.

Fig. 4 (a) Pharyngeal posterior wall following debridement. (b) Radial forearm flap. (c) Suture of the osteocutaneous flap. (d) Computed
tomography (CT) scan at 1 month postoperatively.
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salvage surgery after particle therapy. Our results are consis-
tent with these findings. In addition, these results suggest
that recurrence after carbon ion therapy can be salvaged by
reconstructive surgery using several flaps, offering addition-
al treatment options in the future.

Conclusion

A patient who underwent salvage surgery for recurrent axial
vertebral chordoma after carbon ion therapy showed necrosis
of themucosaof theposteriorwallof thepharynx, indicativeof
the effects of heavy ion therapy. However, the patient’s life
could be saved with reconstructive surgery using an osteocu-
taneous radial forearm free flap. These results suggest that
reconstruction using a cutaneous/myocutaneous flap should
be considered in salvage surgery following heavy ion therapy.

Ethical Statement
Written informed consent was obtained from the patient
for publication of this case report and accompanying
images.

Conflict of Interest
None declared.

References
1 McMaster ML, Goldstein AM, Bromley CM, Ishibe N, Parry DM.

Chordoma: incidence and survival patterns in the United States,
1973-1995. Cancer Causes Control 2001;12(01):1–11

2 Fletcher CDM, Bridge JA, Hogendoorn P, et al. WHO Classification
of Tumours of Soft Tissue and Bone. 5th ed. Vol. 3. Lyon: Interna-
tional Agency for Research on Cancer; 2020

3 George B, Bresson D, Herman P, Froelich S. Chordomas: a review.
Neurosurg Clin N Am 2015;26(03):437–452

4 Walcott BP, Nahed BV, Mohyeldin A, Coumans JV, Kahle KT,
Ferreira MJ. Chordoma: current concepts, management, and
future directions. Lancet Oncol 2012;13(02):e69–e76

5 Court C, Briand S, Mir O, et al. Management of chordoma of the
sacrum and mobile spine. Orthop Traumatol Surg Res 2022;108
(1S):103169

6 Pan Y, Lu L, Chen J, Zhong Y, Dai Z. Analysis of prognostic factors for
survival in patients with primary spinal chordoma using the SEER
Registry from 1973 to 2014. J Orthop Surg Res 2018;13(01):76

7 Mukherjee D, Chaichana KL, Gokaslan ZL, Aaronson O, Cheng JS,
McGirt MJ. Survival of patients with malignant primary osseous
spinal neoplasms: results from the Surveillance, Epidemiology,
and End Results (SEER) database from 1973 to 2003. J Neurosurg
Spine 2011;14(02):143–150

8 Guan X, Gao J, Hu J, et al. The preliminary results of proton and
carbon ion therapy for chordoma and chondrosarcoma of the skull
base and cervical spine. Radiat Oncol 2019;14(01):206

9 Pennicooke B, Laufer I, Sahgal A, et al. Safety and local control of
radiation therapy for chordoma of the spine and sacrum: a system-
atic review. Spine (Phila Pa 1976) 2016;41(Suppl 20):S186–S192

10 Ghogawala Z, Mansfield FL, Borges LF. Spinal radiation before
surgical decompression adversely affects outcomes of surgery for
symptomatic metastatic spinal cord compression. Spine 2001;26
(07):818–824

11 Gay E, Sekhar LN, Rubinstein E, et al. Chordomas and chondro-
sarcomas of the cranial base: results and follow-up of 60 patients.
Neurosurgery 1995;36(05):887–896, discussion 896–897

12 Baig Mirza A, Bartram J, Okasha M, et al. Surgical management of
spinal chordoma: a systematic review and single-center experi-
ence. World Neurosurg 2021;156:e111–e129

13 Zhou H, Jiang L, Wei F, et al. Prognostic factors in surgical patients
with chordomas of the cervical spine: a study of 52 cases from a
single institution. Ann Surg Oncol 2017;24(08):2355–2362

14 Jiang L, Liu ZJ, Liu XG, et al. Upper cervical spine chordoma of C2-
C3. Eur Spine J 2009;18(03):293–298, discussion 298–300

15 Hsieh PC, Gallia GL, Sciubba DM, et al. En bloc excisions of
chordomas in the cervical spine: review of five consecutive cases
with more than 4-year follow-up. Spine (Phila Pa 1976) 2011;36
(24):E1581–E1587

16 Akinduro OO, Garcia DP, Domingo RA, et al. Cervical chordomas:
multicenter case series andmeta-analysis. J Neurooncol 2021;153
(01):65–77

17 Matsumoto M, Watanabe K, Ishii K, et al. Complicated surgical
resection of malignant tumors in the upper cervical spine after
failed ion-beam radiation therapy. Spine 2010;35(11):E505–E509

Journal of Reconstructive Microsurgery Open Vol. 9 No. 2/2024 © 2024. The Author(s).

Recurrent Axis Chordoma after Carbon ion Therapy Necessitating Reconstructive Surgery Imai et al.e112


