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�Introduction

As discussed in Chap. 1, chordomas are malignant tumors derived from the noto-
chord, a mesoderm-derived structure essential for normal embryonic patterning [1]. 
Originally described by Rudolph Virchow in the 1840s [2], chordomas are slow-
growing lesions that commonly present with oncologic pain, mechanical pain (pain 
associated with movement), or neurologic dysfunction secondary to mass effect 
(e.g., urinary incontinence) [3]. Symptoms may be accompanied by a palpable 
mass. However, this is generally only seen in sacrococcygeal lesions [3] as the 
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notochordal remnants giving rise to chordomas of the mobile spine and skull base 
occupy deep positions within the axial skeleton. Consequently, the majority of 
patients with mobile spine lesions present with nonspecific back pain of insidious 
onset [4, 5]. Failure of conservative management then leads to radiographic workup, 
revealing a large mass of the ventral sacrum or vertebral bodies, oftentimes expand-
ing outside the anatomic compartment defined by the vertebral body [5]. Involvement 
of multiple contiguous levels is also common [4].

Despite the fact that chordomas commonly present with localized pain, they are 
an overall uncommon cause of spine pain. In this chapter, we discuss the history of 
chordoma, its epidemiology, and its clinical presentation.

�History of Chordoma

�Pathologic and Embryonic Characterization

The first histologic description of chordoma was made by German pathologist 
Rudolf Virchow in 1846 based upon an incidentally discovered, small, myxoid exo-
phytic lesion of the dorsum sella [2]. Virchow described the lesion as soft, transpar-
ent, and multi-lobulated with an underlying myxoid structure that appeared “slimy” 
[1]. Subsequently in 1856, a second German physician, Hubert Luschka [6], 
described a similar translucent mass invading the sella turcica. This led Virchow to 
further investigate these “chordomata” [2], that he described as “ecchondrosis phy-
salifora spheno-occipitalis” – cartilaginous physaliphorous (bubbly) lesions arising 
from the spheno-occipital junction. Virchow posited that these lesions were carti-
laginous in nature and resulted from hydropic degeneration of the spheno-occipital 
junction with concomitant softening of the cartilage matrix [7]. He posited that this 
hydropic degeneration led to the formation of vacuoles, which characterize the phy-
saliphorous cell of chordoma [8].

The next year [9], Johnannes Müller – Virchow’s doctoral advisor – argued that 
these chordomata were of notochordal origin, citing the persistence of notochordal 
tissue within the cartilaginous portions of the sacrum and skull base. This perspec-
tive was rejected by Virchow and contemporaries, sparking interest in determining 
the development of chordoma. Work published in 1880 by Leboucq suggesting all 
notochordal tissue involutes antenatally [10, 11] was cited as support for the carti-
laginous origin of chordoma. However, work by others, including Kölliker [12] and 
Löwe [13] suggested that the nucleus pulposus of the intervertebral disc was derived 
from the embryonic notochord. Therefore, ongoing disagreement about the origin 
of chordoma persisted through the latter half of the nineteenth century [7].

In 1894, Hermann Steiner published a case of a spheno-occipital tumor demon-
strating that chordomas were likely of notochordal origin [14]. This was followed 
shortly thereafter by laboratory support from Steiner’s senior collaborator, Moritz 
Ribbert [15]. Using a rabbit model, Ribbert demonstrated that chordoma-like lesions 
could be reproduced by puncturing the intervertebral ligament and releasing a por-
tion of the nucleus pulposus. The released tissue was noted to expand and form a 
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tumor histologically identical to the Ecchondrosis physalifora of Virchow, which 
Ribbert later called “chordoma” [16]. More than a half-century later, the findings of 
this experiment were replicated by Congdon working at the University of 
Michigan [17].

Ribbert additionally pointed out that the gelatinous texture of chordoma was 
wholly inconsistent with that expected of cartilaginous tumors. In aggregate, this 
evidence argued strongly for a notochordal origin and silenced debate about the 
embryological origin of chordoma [18, 19]. Shortly thereafter, Fischer and Steiner, 
working within Ribbert’s group, described the occurrence of a malignant noto-
chordal tumor [20], indicating that chordoma belonged to a family of notochord-
derived tumors. In 1926, Stewart and Morin [21] made the formal proposal that 
benign notochord-derived lesions be called ecchordosis physaliphora, to differenti-
ate them from chordoma. In modern descriptions, notochord-derived lesions are 
grouped as malignant chordomas and benign notochordal rests, now termed benign 
notochordal cell tumors (BNCTs) [22].

�Clinical Descriptions

The first clinical description was made by Dr. Edwin Klebs of Berlin in 1864, who 
relayed a case of a probable chordoma of the spheno-occipital junction [23]. Shortly 
thereafter Trélat published on the first cervical chordoma, which was diagnosed as 
an “ecchondrome muqueux” [24]. The second case was subsequently published by 
Klebs in his text, “Die Allgemeine Pathologie” [25, 26]. In this case, the patient had 
presented with increased medullary pressure [8]; it was only later that the mass was 
determined to be malignant. The first sacrococcygeal lesion was diagnosed by 
Lothar Henning, who described its occurrence in a 7-month-old in 1900 [27]. 
Roughly 4 years later, Ribbert reported on findings from an autopsy series of 500 
patients [16]. He reported notochord-derived lesions of the clivus in 2% of these 
patients, suggesting that said lesions might be present in a nontrivial proportion of 
the population.

The first large clinical review was published in 1923 by Burrow and Stewart [28], 
who reported the case of a 30-year-old man with an intrasellar chordoma along with 
a summary of 16 previously reported cases. Among these was the case of Grahl 
[29], who in 1903 reported the first death from chordoma. The patient, a 51-year-old 
woman, had presented with cranial polyneuropathy (deficits of cranial nerves 3, 4, 
7, 9, and 10), headaches, and visual impairment consistent with elevated intracranial 
pressure. The patient’s death was ultimately deemed secondary to medullary com-
pression. Similar findings were reported shortly thereafter by Seiffer (1905) [30], 
Fischer and Steiner (1907) [20], Frenkel and Bassal (1910) [31], Eitel (1911) [32], 
and Wegelin (1911) [33]. In all cases, patients succumbed to pontine or medullary 
compression by their lesion.

Operative cases were notably sparse within the series, as the majority of described 
cases localized to the skull base. Most contemporary surgeons felt surgical resection 
of skull base masses was too dangerous. However, one operative case was noted in 
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the review of Burrow and Stewart – that of Linck, who in 1909 described the opera-
tive management of a clival chordoma [34]. The patient – a middle-aged man – 
originally presented with a pharyngeal swelling and right middle ear disease. He 
was treated with two open biopsies which revealed pathology consistent with chor-
doma. He later developed the progression of his tumor leading to multiple cranial 
neuropathies. Contemporaneously, three sacrococcygeal cases were reported [35–
37]. Feldmann described the excision of a presacral chordoma in a 46-year-old 
female; the tumor was resected without issue and the patient was deemed “well” at 
3 months postoperatively. Long-term follow-up was not reported. Mazzia [36] 
reported the case of a 54-year-old man who presented with a large (17 × 8 cm) coc-
cygeal tumor associated with insidious-onset perirectal pain and discomfort. The 
lesion was excised but recurred at 19 months; local recurrence also occurred after 
the second operation, at which point the patient’s lesion was felt to be inoperable. 
The next year Curtis and Le Fort [37] reported on the management of a 58-year-old 
man with a 10 × 8 cm presacral tumor. The lesion was treated with resection of the 
tumor and coccyx, but locally recurred with the patient passing at 30 months follow-
ing initial resection. Of note, Moynihan treated a coccygeal chordoma at the same 
time as these reports; however, the mass was initially misdiagnosed as carcinoma 
with colloidal degeneration. It was only upon re-investigation of the pathology 
9 years subsequent to resection that the mass was recognized as chordoma [38]. 
Unlike the prior reports, Moynihan’s patient appears to have experienced good 
long-term local control following surgical resection.

The next surgically treated case was reported by Alézais and Peyron [39], who 
relayed the course of a 68-year-old woman presenting with a swelling of superior 
occipital lesion and cervicalgia. The occipital tumor was several inches in diameter 
and was noted to be eroding through the bone. Following resection, she had com-
plete remission of her symptoms; no recurrence was noted. The subsequent year 
Albert [40] reported on the operative management of a 26-year-old man who pre-
sented with perirectal aching following a fall that was worsened by defecation. He 
was found to have a 10 × 6 × 5 cm sacrococcygeal chordoma compressing the rec-
tum. The patient underwent multiple subtotal resections and ultimately succumbed 
14 months after the presentation.

In 1919, Daland described the management of a 30-year-old woman who pre-
sented with hoarseness, headaches, and a retro auricular mass “the size of a hen’s 
egg” [41]. The mass was treated with curettage, which resulted in the resolution of 
the patient’s headaches. The patient also received adjuvant radiotherapy. In spite of 
this multimodal management, the mass recurred by 7-month follow-up, consistent 
with the known natural history of chordoma. The same year, Pototschnig [42] 
reported the first instance of metastatic chordoma. The patient was initially treated 
with surgical resection of his sacrococcygeal mass, but passed 2 days after his oper-
ation. On autopsy, the lesion was found to have spread to the regional lymph nodes 
and liver. Stewart subsequently described the spread of a sacrococcygeal chordoma 
to the right scapula 8 years after gross total excision [38]. At this point, it became 
apparent that chordoma had metastatic potential and was not simply limited to 
locally invasive disease.
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As the pathology of chordoma became better defined, several authors began pub-
lishing reviews of the literature, including Coenen (1925) [43], Corsy and Sumont 
(1927) [44], and Mabrey (1935) [25]. The review of Mabrey has been widely cited 
and included the first 150 published cases with descriptions of tumor localization, 
patient epidemiology, clinical presentation, and pattern of metastatic spread. Among 
the reported cases, Mabrey noted a roughly 2:1 male predominance and a predilec-
tion for disease onset in the fifth or sixth decade of life. Additionally, lesions most 
commonly localized to either the spheno-occipital (33%) or sacrococcygeal regions 
(58%); mobile spine lesions were uncommon.

Extra-axial chordomas have also been described. The first such instance was the 
case of Alezais and Peyron, above, who described a chordoma of the left superior 
occipital region in 1914 [39]. Subsequent extra-axial cases have included those of 
Koritzki (alveolar process of mandible and maxilla) [45], Rubaschow (superior 
maxilla) [46], Hirsch (tonsillar region) [47], and Higinbotham et al. (scapula) [48]. 
Intradural [49] and purely epidural lesions of the spine [50–53] and intradural 
lesions [54–56] of the cranial vault have also been reported. Current radiographic 
and histopathologic diagnosis are discussed in Chaps. 4 and 5, respectively.

�Management

�Surgery for Skull Base Chordoma
As the majority of initial descriptions of chordoma were of lesions arising from the 
clivus and skull base, the majority of early case reports described histologic and 
pathologic findings on autopsy. Surgery was by-in-large felt to be a too high risk 
given the close proximity to the brainstem. However, with improvements in surgical 
techniques, case reports began to be published in the second and third decades of the 
twentieth century. The first by Linck [34] reported on the usage of open biopsies for 
a patient with clival chordoma. However, it was not until Daland in 1919 that an 
attempt at curative excision of a skull base chordoma was reported. As mentioned 
previously, this young woman experienced rapid local recurrence and death at 
7 months in spite of complete excision of the mass and adjuvant radiotherapy. The 
same year Fabricius-Möller [57] and Argaud [58] described the treatment of retro-
pharyngeal and clival chordomas, respectively. In the case of Fabricius-Möller, the 
patient experienced local recurrence after only a few months. As the 1920s pro-
gressed, additional reports of the surgical management of skull base chordomas 
were described. These include those of Hirsch, who in 1923 reported the use of 
palate splitting to treat a nasopharyngeal chordoma; the lesion recurred locally after 
1  year of follow-up [7, 19]. Additionally, Argaud and Clermont [59] described 
resection of a small nasopharyngeal tumor via a transsinusofacial route without 
complications. Unfortunately, the lesion recurred after only a few months. The same 
year Loebell [60] reported the use of a transantral approach through the maxillary 
sinus to treat a nasopharyngeal chordoma involving the left nostril and obstructing 
the left Eustachian tube. The patient additionally received radium adjuvant brachy-
therapy; however, the lesion recurred after 1.5 years, leading to death.
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These cases, among others, were reviewed by Mabrey, who documented an 
extremely high perioperative mortality, noted at 31% for large lesions. Congdon 
echoed similar findings in his series of 18 surgically treated patients [61]. Of the 
four patients treated for clival lesions, three died intraoperatively or within 1 day of 
attempted resection. A subsequent review of the spheno-occipital chordoma litera-
ture by Zoltán and Fényes in 1960 [62] also painted a morbid picture of surgery for 
skull base chordomas. They described surgical resection as “most discouraging” 
due to “the impossibility of complete surgical removal” and stated that conventional 
radiotherapy was “quite hopeless” [62]. They consequently recommended consider-
ation of brachytherapy with yttrium-90 to help obtain local control. Surgical tech-
niques improved steadily through the second half of the twentieth century though 
[63–65] and surgical resection became considered a standard part of treatment for 
most lesions. Al-Mefty and Borba [66] reported their experience with 23 patients 
treated in the early 1990s. All patients were treated with skull base approaches, of 
which 17 received adjuvant proton-photon radiotherapy; radiographic cure was seen 
in 71% of patients at a mean of 25 months. Subsequent follow-up using an expanded 
series found a 5-year recurrence-free survival rate of 50.7% and 5-year overall sur-
vival of 86% [67]. Gay et al. [68] reported similarly good results in their series of 60 
patients with skull base chordomas or chondrosarcomas treated with surgical resec-
tion and adjuvant high-dose radiotherapy between 1983 and 1994. Five-year 
recurrence-free survival was 65% for patients with chordoma. Of note, it was also 
during the late 1980s and early 1990s that the first descriptions of transsphenoidal 
approaches for clival chordomas were described [69–72]. These evolved into the 
endoscopic transsphenoidal approaches [73–75] that are considered by some to be 
the approach of choice for clival chordomas [76, 77].

�Surgery for Mobile Spine Chordoma
The first likely report of a chordoma of the mobile spine was reported by Trélat and 
Ranvier in 1868, who described a chordoma-like mass involving the cervical spine 
[78]. The mass was noted to be extremely large and extended from the angle of the 
mandible to the posterior pharyngeal wall. Resection was attempted, but the mass 
proved extremely adherent and surgery was aborted. The patient passed from pul-
monary complication on post-operative day 2.

Then in 1924, the first confirmed case of mobile spine chordoma was made by 
Raul and Diss [79]. This was shortly followed by the reports of Cameron in 1926 
[80], Syme and Cappell in 1926 [78], and Cappell in 1928 [81]. The case of Syme 
and Cappell [78], represents the first case of mobile spine chordoma treated by sur-
gical management with histologic confirmation. They described a 59-year-old man 
presenting with neck stiffness, dysarthria, and dysphagia who was treated with 
curettage for a chordoma involving the anterior cervical spine. The patient experi-
enced recurrence 6 months after resection and underwent repeat resection of the 
mass, which now extended from the occiput to C5 vertebral body. The patient, 
unfortunately, succumbed to septic pneumonia postoperatively and died on the third 
postoperative day. This high surgical morbidity was noted by Mabrey in his 1935 
review [25]. Of the 14 patients in the literature who had undergone surgical 
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treatment of mobile spine chordomas, three (21%) had died in the perioperative 
period [25].

Surgery for mobile spine chordomas remained a contentious issue into the late-
twentieth century as procedural morbidity remained high and was felt to be unjus-
tified if cure could not be achieved. Through the 1960s and 1970s, surgery was 
almost exclusively performed for the relief of neurological symptoms rather than 
oncologic cure [82–86]. Then in 1981, Stener made the first report of en bloc 
vertebrectomy for mobile spine chordoma [87]. In this case, he resected an L3 
chordoma causing cauda equina syndrome. The patient not only regained ambula-
tory function postoperatively, but she remained disease-free at last follow-up, 7 
years post-resection. Such long-term control was particularly notable, as a con-
temporary series of 51 patients with chordoma showed extremely poor disease-
free survival [88]. Of the treated patients, metastatic spread was observed in 25% 
of those treated for mobile spine lesions and 45% of those treated for sacrococ-
cygeal lesions. The poor control seen in tumors treated with intralesional resec-
tion may have led Stener to subsequently argue for more aggressive resection of 
primary vertebral column lesions [87].

Several years passed before the additional description of these en bloc spondy-
lectomies was issued [89]. By the early 1990s though, advances in modern imaging 
and surgical techniques allowed many groups to begin reporting favorable outcomes 
following en bloc resection of mobile spine lesions [89–92]. Of note are the contri-
butions of Boriani and colleagues at the Rizzoli Orthopaedic Institute in Bologna, 
Italy [93]. Their experience with en bloc resection led to the formulation of the 
Weinstein-Boriani-Biagini staging system (see Chap. 6) that has become a standard 
part of surgical evaluation for patients with mobile spine lesions. Modern series, 
including the large multicenter AOSpine series [4], have indicated that while mor-
bid, en bloc resection of mobile spine lesions is feasible. Additionally, where nega-
tive margins are achieved, en bloc surgical resection improves post-operative 
survival and local control; it is consequently considered to be the standard of care 
for these lesions. Current surgical approaches to lesions of the mobile spine are 
discussed in Chap. 7 (occipitocervical junction), Chap. 8 (cervical spine), Chap. 9 
(thoracic spine), and Chap. 10 (lumbar spine).

�Surgery for Sacrococcygeal Chordoma
Descriptions of total excision of sacrococcygeal chordoma started with the reports 
of Massia [36] and Curtis and Le Fort [37]. In both cases, gross total excision was 
thought to have been obtained, yet serial follow-up demonstrated local recurrence. 
The propensity for local recurrence among surgically treated tumors was subse-
quently noted by multiple authors [94]. Given the apparent proclivity for local 
recurrence, Stewart argued as early as 1922 that such lesions should be treated via 
total excision to achieve long-term control or even cure [38]. However, early surgi-
cal management was associated with high morbidity and mortality. In his 1935 
review of the chordoma literature, Mabrey reported that perioperative mortality 
across all anatomic sites was 27% [25]. Additionally, local recurrence was seen in 
66% of the 59 patients who survived the perioperative period, with an average time 
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to recurrence of 17.5 months [25]. Based upon this, Mabrey author argued for the 
surgical resection of sacrococcygeal chordomas, focusing on wide excision and 
without disruption of the tumor, if possible.

Such a treatment paradigm was later espoused in literature reviews by Mixter 
and Mixter in 1940 [94] and Shackelford and Rhode in 1955 [95]. Both author 
groups noted that lesions treated with gross total excision had longer times to local 
recurrence than other lesions and were far likelier to achieve cure. Additionally, 
Shackelford and Rhodes [95] noted that in cases where there was local recurrence, 
the intraosseous portion of the tumor had appeared to have been shelled out. In other 
words, local recurrence occurred more often in cases where excision had involved 
violation of the tumor capsule. Consequently, they argued that the best outcomes for 
sacrococcygeal chordoma were achieved through an en bloc resection that did not 
violate the integrity of the tumor capsule.

Subsequent studies demonstrated the superiority of this en bloc excision with 
negative margins in terms of local recurrence and post-operative survival [4, 5, 48, 
96–99]. This led other groups to argue for en bloc resection with negative margins 
as the definitive treatment surgically amenable lesions beginning in the 1950s [95, 
100]. Such studies serve as the evidentiary base for the treatment paradigm origi-
nally described by Enneking in 1980, which recommends en bloc resection with 
negative margins for chordoma [101, 102]. The Enneking system, also known as 
the Musculoskeletal Sarcoma Tumor Society (MSTS) System, remains the gold 
standard today for guiding the management of primary bone tumors of the mobile 
spine and sacrum [1]. More recently, Sim and colleagues provided further support 
for en bloc R0 resection with their experience treating 52 patients for sacrococ-
cygeal chordoma at the Mayo Clinic [103]. When comparing patients treated with 
a wide margin resection (defined as a healthy cuff of tissue >1–2 cm) to those 
treated with marginal or intralesional margins, overall survival and local control 
were significantly better among those treated with wide margin resection. 
Interestingly though, a more recent 31-year experience published by the Rizzoli 
Institute [104] noted that long-term recurrence rates may be high even for patients 
treated with R0 resection. In their series of 99 patients, local control was seen in 
less than 25% of patients at 15-year follow-up. The reason for this is unclear, 
however, it may be due to the presence of “micro-skip” metastases – small tumor 
microfoci situated outside the tumor pseudocapsule. This was suggested by 
Akiyama et al. [105] who observed micro-skip lesions in over 40% of patients on 
histological examination. Consistent with this, the group at the Massachusetts 
General Hospital (MGH) [106] found that the use of adjuvant or neoadjuvant 
radiation, not surgical margin was the strongest predictor of local control among 
sacrococcygeal chordomas undergoing index surgery. It is unclear if the superior 
local recurrence was because the micro-skip lesions were covered by the adjuvant 
radiation though, and this remains an ongoing area of investigation. Current surgi-
cal techniques for sacrococcygeal chordomas are discussed in Chap. 11. Soft tis-
sue and bony defect reconstruction techniques are described in Chaps. 12 and 13, 
respectively.
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�Radiotherapy for Chordoma
Radiation as adjuvant or primary therapy for chordoma has been described repeat-
edly since the earliest clinical patient series. The first such description was made by 
Daland [41] in his treatment of a skull base chordoma. The patient was initially 
treated with surgical resection, which was followed by “two massive x-ray 
treatments.”

By the mid-1950s, most groups began to describe chordoma as highly radioresis-
tant [62, 95, 107, 108] and indicated that radiotherapy was only of “palliative value” 
[107]. However, in the subsequent decade, it was suggested that extremely high 
doses of radiation could, in fact, reduce local recurrence. In 1964, Kamrin et al. 
reported a series of 30 patients treated for chordoma with a combination of biopsy 
or surgical resection and adjuvant radiation (3600–17,500  rad) [109]. They con-
cluded that only sacrococcygeal chordoma could be reasonably be treated with sur-
gical resection, and that mobile spine and intracranial chordoma should be biopsied 
and treated with “large tumor doses of therapeutic radiotherapy.” They defined large 
doses as 5000  rad or greater and reported that their practice was to dose with 
3000–5000 rad followed by 2000–3000 rad doses at each instance of recurrence. 
Shortly thereafter, Higinbotham and colleagues reported a 35-year experience of 
treating chordoma at Memorial Sloan Kettering [48]. Similar to Kamrin et al., the 
authors argued that high-dose radiation could be used to improve local chordoma 
control. The authors argued for an even more aggressive dosing schema, arguing 
that doses of 7000 rad or above were required for substantial benefit, although they 
acknowledged that such doses were associated with “acute radiation reactions.”

Other series in the 1970s [86, 100, 110] and 1980s [111–113] argued for increas-
ingly large radiation doses (60–70 Gy total dose over 6–7 weeks). Based upon the 
result in their series of 15 patients, Pearlman and Friedman [100] argued for tumor 
doses of 8000 rad or more; they found that doses ≤4000 rad were ineffective at kill-
ing tumor cells. Similar to Kamrin et al., the authors acknowledged the significant 
toxicities associated with such high levels of radiation and therefore stipulated that 
such lesions should likely be reserved for sacrococcygeal tumors. Unlike the Kamrin 
et al. though, Pearlman and Friedman argued against repeat radiation dosing, indi-
cating that it would be unlikely to control the residual chordoma but would almost 
assuredly cause significant, irreparable radiation damage. The next decade, 
Amendola et al. [111] reported on the effectiveness of adjuvant hypofractionated 
radiation with 50–66 Gy in 180–220 cGy fractions for surgically managed chor-
doma. Though their experience was small, the authors reported that all nine of their 
cranial chordoma patients were able to tolerate radiotherapy without issue.

Beginning in the 1980s, several authors began to describe the benefits of proton 
therapy for chordoma [113]. The first report appears to have been by Suit and col-
leagues at the MGH, who described the use of high-dose proton radiotherapy in 10 
patients with chordoma or chondrosarcoma of the skull base or cervical spine [113]. 
Patients in their series were treated with a combination of high-energy photons and 
160-MV proton beams in 1.8–2.0CGE fractions to a total dose of 65.3–76.2CGE 
between the two modalities. Nine of the ten patients experienced acute radiation 
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reactions though, most commonly mucositis or skin changes (e.g., desquamation, 
erythema). None of the patients experienced recurrence over a follow-up period that 
ranged from 2 months to 6 years. Other early experiences included the expanded 
MGH series published by Fagundes et al. [114] and the experiences of Al-Mefty and 
Borba [66], Castro et al. [115], and Hug et al. [116]. Doses all ranged from 60 to 
77CGE and a recent review of the chordoma literature supports superior outcomes 
in patients receiving high-dose (>65  Gy) radiotherapy with charged particles or 
stereotactic photon radiosurgery [117]. More modern experiences have since been 
described [118–120] and preliminary experiences using carbon ion and other 
charged particle radiotherapy modalities have been published [121–125]. 
Experiences with adjuvant stereotactic radiosurgery for chordoma have also been 
described, dating to the early 1990s [126–131]. The most recent consensus state-
ments recommend the use of adjuvant high-dose charged particle therapy or stereo-
tactic radiosurgery for local tumor control [132, 133]. Current usage of radiotherapy 
is discussed in Chap. 14 (photon therapy) and Chap. 15 (protons and charged par-
ticle therapy).

�Chemotherapy
Owing to its relatively slow-growing nature, chordoma has generally not been con-
sidered to be a malignancy that is amenable to systemic chemotherapy [1]. Use of 
systemic therapy was first described by McSweeney and Sholl [134], who in 1959 
published their use of mechlorethamine – a nitrogen mustard – in the treatment of a 
78-year-old woman with metastatic sacrococcygeal chordoma. The mechloretha-
mine treatments led to improvement of the patient’s sacrococcygeal pain; however, 
she progressed on therapy with new metastases to the forearm noted within 8 months 
of initiating therapy.

The next published description followed 5 years later with the series of Kamrin 
et al. in 1964 [109]. The authors described using intracarotid perfusion of metho-
trexate as a treatment adjuvant in two patients. One patient died within 8 days of 
treatment and the other experienced local recurrence within 1  year, making it 
unclear if there was any benefit. This was followed by the reports of Rissanen and 
Holsti in 1967 [135], and Pearlman et al. in 1972 [136] who reported the use of 
cyclophosphamide and actinomycin D, respectively, for recurrent disease. Both 
agents were found to be ineffective.

At the same time, these reports were published, Razis et al. [137] described the 
use of vincristine sulfate (2 mg week) in a patient with recurrent chordoma of the 
cervical spine. The patient experienced roughly 4 months of systematic improve-
ment, but ultimately succumbed to their disease. Harwick and Miller [138] 
employed vincristine (1.4 mg/m2 weekly) with similar results. The patient enjoyed 
symptomatic improvement after the first several doses; however, there was no clear 
survival benefit. Spratt et al. [139] published their case of a 49-year-old woman with 
recurrent sacrococcygeal chordoma who failed multiple regimens, including 
cyclophosphamide-doxorubicin-methotrexate triple therapy, cyclophosphamide-
actinomycin D-dacarbazine triple therapy, cyclophosphamide-dacarbazine-vincristine 
triple therapy, and lomustine-doxorubicin-vincristine-bleomycin quadruple therapy. 
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The patient had a moderate radiographic benefit on the last line regimen, but was 
unable to tolerate associated toxicities and succumbed to Pseudomonas sepsis 2 
years after initiating chemotherapy. Platinum-based agents were similarly found to 
be ineffective at producing long-term benefits [140].

Given this lack of success, chemotherapy has remained a last-ditch option. 
However, more recently there has been increased interest in small molecule agents, 
notably tyrosine kinase inhibitors, and immunotherapies for patients with recurrent 
or metastatic disease. These agents include erlotinib, sunitinib, lapatinib, imatinib, 
sorafenib, nivolumab, and ipilimumab. Various combinations of these agents are 
currently the subject of clinical trials [1]. More detailed discussion of modern sys-
temic therapy and future directions is discussed in Chap. 16.

�Epidemiology of Chordoma

�Population-Level Data

Similar to other primary bone tumors of the spinal column, chordoma is a rare clini-
cal pathology with previous estimates suggesting an overall prevalence of 0.08–0.5 
per 100,000 persons worldwide [141]. Estimates vary widely though and little 
population-level data exist. Of that which is available, the best data come from the 
Surveillance, Epidemiology, and End Results (SEER) program of the National 
Cancer Institute (NCI) [142–144]. The SEER registry of the NCI is a prospectively 
maintained database covering 28% of the US population [143], which has previ-
ously been found to be broadly representative of the US cancer population as a 
whole [145]. The most recent review of these data was published by Zuckerman 
et al. [143] based upon the data from 1616 patients with chordoma enrolled between 
1973 and 2013. They found that the most common location for chordoma was the 
skull base (41.1%), followed by the sacrum (31.4%) and mobile spine (27.5%). For 
those with mobile spine lesions, 60% of patients were male, mean age was 57 years, 
and the majority of patients identified as white (93%) as opposed to black (2%) or 
other (6%). For sacral lesions, there was also a male predominance (62%) though 
the age at presentation was slightly older (mean 63 years) and a smaller proportion 
of patients identified as white (86%) as opposed to black (3%) or other (11%). No 
geographic biases were noted and the majority of both patients with mobile spine 
tumors (74%) and sacral tumors (70%) had their disease confined within the perios-
teum at the time of diagnosis, consistent with the relatively slow-growing nature of 
chordoma. Few patients had metastatic disease at presentation (8% of mobile spine; 
7% of sacrum). Most patients underwent surgical resection (76% of mobile spine 
lesions; 67% of sacral lesions), and a large minority of both mobile spine (50%) and 
sacral lesions (37%) were treated with radiation. Analysis of the data by year sug-
gested no trends in the proportion of patients being treated with surgical resection, 
though there was a significant decrease in the proportion of sacral lesions being 
irradiated. Median overall survival is relatively good for both mobile spine (median 
95 months) and sacral lesions (median 87 months). In both cases, overall survival is 
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notably higher among patients treated with surgical resection (mobile spine: 105 vs 
61 months; sacrum: 111 vs 56 months). The data from Zuckerman et al. [143] also 
suggest that prognoses may be better for more recently diagnosed patients; how-
ever, the trend they identified did not meet statistical significance. Older patients 
have been found to have poorer survival [143], though the effect size is small and it 
is unclear if this relationship is tied to the primary malignancy. Other small epide-
miological series have been published based upon Scandinavian [3, 88], English 
[146], and Taiwanese populations [147], which are summarized in Table 3.1.

Table 3.1  Summary of population-based studies of chordoma epidemiology

Study n Population details Epidemiology data
Eriksson et al., 
1981 [88]

979 Country: Sweden
Time Period: 1958–1970
Recruitment: Swedish Cancer 
Registry

Age: mean 57 yr
Sex: 51% M
Incid: 0.51 per 106 PY
Prev: n.g.
Loc: 27% SB, 16% MS, 
57% Scrm
Surv: mean 3.3 yr (SB), 
3.5 yr (MS), 4.6 yr (Scrm)

Hung et al., 2014 
[147]

1238 Country: Taiwan
Time Period: 2003–2010
Recruitment: Taiwan Cancer 
Registry

Age: median >60 yr
Sex: 67% M
Incid: 0.40 per 106 PY
Prev: n.g.
Loc: n.g.
Surv: n.g.

McMaster et al., 
2001 [144]

400 Country: USA
Time Period: 1973–1995
Recruitment: SEER database

Age: mean 54.8 yr
Sex:60% M
Incid: n.g.
Prev: 0.8 per 106

Loc: 32% SB, 33%MS, 
29%Scrm
Surv: median 6.29 yr; 68% 
@ 5-yr; 40% @ 10-yr

Paavolainen and 
Teppo, 1976 [3]

<700 Country: Finland
Time Period: 1953–1971
Recruitment: Finnish Cancer 
Registry

Age: mean 55.5 yr
Sex: 60% M
Incid: M = 0.30 per 106 PY; 
F = 0.18 per 106 PY
Prev: per 106

Loc: 10% SB, 15% MS, 
75% Scrm
Surv: n.g.

Smoll et al., 2013 
[142]

623 Country: USA
Time Period: 1973–2009
Recruitment: SEER database

Age: median 58 yr
Sex: 59% M
Incid: n.g.
Prev: 0.84 per 106

Loc: n.g.
Surv: median 7.7 yr; 72% 
@ 5-yr; 49% @ 10-yr
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�Multicenter Cohort Data

Within the mobile spine, lumbar tumors appear to be most common [4]. In a retro-
spective review of the AOSpine Knowledge Forum Tumor prospective database 
[148], Gokaslan et al. [4] reported treatment outcomes of 166 patients with mobile 
spine chordomas who underwent surgical resection. Similar to the findings of 
Zuckerman et al., mean age was 59 years and two-thirds of patients were male. Half 
of all lesions localized to the lumbar spine, with the cervical spine being the second 
most common region (35%). Multilevel involvement is relatively common. Forty-
two percent of lesions involve 2 or more consecutive vertebrae. Lesions are also 
large at diagnosis, with an average lesion size of 4.9  ×  4.1  ×  4.3  cm (anterior-
posterior × transverse × craniocaudal) or 87.7 cm3. The majority of tumors are low 
grade (63%) at presentation and there is a tendency to locally recur. This is reduced 
by en bloc resection tough, as 5-year local recurrence is 20% for tumors receiving 
en bloc resection with negative margins (Enneking-appropriate) compared to 65% 
for tumors receiving Enneking-inappropriate resection. To this end, Gokaslan et al. 
[4] found en bloc resection with negative margins to be the strongest protective fac-
tor against local recurrence.

Table 3.1  (continued)

Study n Population details Epidemiology data
Stiller et al., 2013 
[153]

45,568 Country: Europe (EU27 countries)
Time Period: 1995–2002
Recruitment:

Age: n.g.
Sex: n.g.
Incid: <1 per 106 PY
Prev: 4 per 106

Loc: n.g.
Surv: ≈75% @ 5-yr

Whelan et al., 
2012 [146]

11,002 Country: England
Time Period: 1979–2007
Recruitment: National Cancer 
Data Repository; Office of 
National Statistics

Age: 75% >50 yr old
Sex: n.g.
Incid: 0.03–0.04 per 106 
PY
Prev: 0.3–0.4 per 106

Loc: 26% SB, 23% MS, 
45% Scrm
Surv: 49–59% @ 5-yr

Zuckerman et al., 
2018 [143]

1616 Country: USA
Time period: 1973–2013
Recruitment: SEER database

Age: mean 54.8 yr
Sex:58% M
Incid: n.g.
Prev: n.g.
Loc: 41% SB, 27% MS, 
32% Scrm
Surv: median 162mo (SB), 
95mo (MS), 87mo (Scrm)

Key: F female, incid incidence, loc location, M male, mo month, MS mobile spine, n number, n.g. 
not given, prev prevalence, PY person-year, SB skull base, Scrm sacrum, SEER surveillance, epide-
miology, and end results, Surv survival, yr year
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Using this same prospective registry, Varga et al. [5] published a description of 
the AOSpine experience with surgically treated sacral chordomas. Among the 167 
included patients, mean age was 57 years and 58% of patients were male, similar to 
the numbers from the SEER database. Perhaps unsurprisingly, mean tumor size is 
much larger for sacral lesions (mean 588.1 cm3) and nearly all tumors (98%) had 
extracompartmental extension at the time of diagnosis. Multilevel disease is also 
common and 6% of lesions extend into the mobile spine. As with mobile spine 
lesions, local recurrence is common, even though 80% of lesions are low grade at 
the time of treatment. Median local recurrence-free survival is roughly 4 years, but 
this is significantly improved by en bloc resection with negative margins [5]. Varga 
et  al. did not find Enneking-appropriate resection to improve overall survival, 
though the authors attributed this to short overall follow-up and the current consen-
sus is that the best-available data support Enneking-appropriate resection as a means 
of improving survival in chordoma [133, 149, 150].

�Clinical Presentation

Owing to the slow-growing nature of chordoma, patients commonly have an insidious 
symptom onset and some are even asymptomatic at the time of radiographic diagnosis 
[1]. The clinical picture varies depending upon the location of the lesion, but generally 
stem from mass effect or erosion of adjacent bony structures leading to compromise of 
the vertebral column’s load-bearing capacity. The first attempt to summarize the litera-
ture on the clinical presentation of chordoma was performed by Mabrey in 1935, who 
summarized the data for 150 chordomas described in the literature to date [25]. Of the 
86 sacrococcygeal tumors included, the most common symptoms were pain (69%) 
with (43%) or without (26%) an accompanying palpable mass. Seventeen percent of 
the identified patients had presented with a tumor without clinical symptoms. Among 
the 46 skull base lesions, 33% had presented with headache. Localized pain was also 
common among the 14 mobile spine lesions, occurring in 9 patients (64%). Consistent 
with the slow-growing nature of chordoma, Mabrey reported an average time between 
symptom onset and clinical presentation of 41 months for skull base chordomas and 
36 months for sacrococcygeal chordomas.

�Data from Multicenter Cohorts

In their multicenter review of 166 patients surgically treated for mobile spine chordo-
mas, Gokaslan and colleagues found that the majority of patients (89%) presented 
with pain [4]. Only a minority of patients (18%) had evidence of pathological fracture 
though. Similarly, Varga et al. [5] found nearly all patients with sacral chordoma pres-
ent with tumor-related pain (96%). Pathologic fracture was again uncommon, being 
seen in only 4% of patients. A significant minority also present with neurological defi-
cits though. In the Varga et al. study, 24% had motor weakness at the time of presenta-
tion and 27% had symptoms consistent with cauda equina syndrome [5].
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A smaller, population-based study of Swedish patients by Eriksson et al. [88] 
found 52% of patients with sacrococcygeal chordoma present with local pain, 31% 
present with bowel or urinary complaints, and 10% present with asymptomatic 
masses; 21% of patients presented with sensory deficits and 7% presented with 
concomitant motor deficits. They reported a median time from symptom onset to 
diagnosis of roughly 1 year, consistent with the slow-growing nature of chordomas. 
The authors [88] endorsed a distinct presentation for mobile spine lesions, with only 
38% of patients having local pain and 25% having motor deficits at the time of 
diagnosis. In a second Scandinavian population, Paavolainen and Teppo [3] reported 
that 73% of sacral chordomas present with pain and 60% noted a palpable mass at 
the time of presentation; only 13% of patients had urinary complaints at presenta-
tion. Tumors of the other locations were too uncommon to derive conclusions about 
clinical presentation owing to the small population at risk. Median time from symp-
tom onset to diagnosis was 6 months with a mean of 12.7 months [3]. Collectively, 
these data suggest that patients most commonly present with insidious-onset, local-
ized, non-mechanical pain that in a minority of cases will be accompanied by neu-
rological deficits.

�Conclusion

As relayed in this chapter, chordomas are an extremely uncommon clinical entity, 
oftentimes known as a “one in a million” disease. Though first described more than 
150 years ago, the continuous investigation into the origins and molecular genetics 
of chordoma (Chap. 2) has identified it as a malignant derivative of the embryonic 
notochord. Lesions of the spine and sacrum most commonly present with local pain, 
though neurological symptoms occur in a nontrivial proportion of patients second-
ary to tumor mass effect. While their overall rarity of chordoma makes it an unlikely 
cause of spine-related complaints, clinicians should have increased clinical suspi-
cion in patients in the sixth or seventh decade of life with insidious onset, non-
mechanical pain. Lesions are easily detected on diagnostic imaging (Chap. 4) and 
patients with these lesions benefit from earlier detection and referral to high-volume 
centers of excellence [151, 152].
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