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SUMMARY

Chordomas are aggressive, locally invasive and rare tumors with a poor prognosis. They arise from 
the remnants of the embryonic notochord. They occur in the whole vertebral column, and are most 
commonly seen in the sacrum, the base of the skull and the mobile spine. They are usually diagnosed 
at a late stage with advanced growth. These tumors are minimally responsive to radiotherapy and 
chemotherapy, and so the main treatment is surgical resection. Survival and local control of the tumor 
depend on the achievement of wide resection of the tumor with appropriate surgical margins. Due 
to the essential anatomical localization of the tumors, the generally high stage of the tumor at the 
time of diagnosis, and the need for resection of important structures during surgery, a high rate of 
postoperative morbidity may be present.
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ÖZET

Kordomalar agresif, lokal invaziv, düşük prognozlu nadir görülen bir tümörlerdir. Embriyonik notokord 
artıklarından gelişirler. Tüm vertebral kolonu tutabilmekle birlikte en sık sırasıyla sakrum, kafa tabanı 
ve mobil omurgaları tutarlar. Genelde teşhis edildiklerinde ileri derecede büyümüş olarak bulunurlar. 
Bu tümörler radyoterapiye ve kemoterapiye düşük derecede yanıt verdiği için tedavinin en önemli 
bölümünü cerrahi rezeksiyon oluşturur. Hasta sağ kalımı ve tümörün lokal kontrolü yüksek oranda 
tümörün uygun cerrahi sınırlarla geniş eksizyonunun yapılabilmesine bağlıdır. Tümörün bulunduğu 
önemli anatomik lokalizasyonlar ve teşhis edildiğinde ilerlemiş olması ve cerrahi tedavi sırasında önemli 
yapıların rezeke edilmesi sebebiyle geniş eksizyon sonrasında önemli oranda morbidite gelişebilir.

Anahtar kelimeler: Kordoma, sakrum tümörü, benign notokord hücre tümörü, omurga tümörü.

Kanıt düzeyi: Derleme, Düzey V.
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INTRODUCTION:
Chordomas are primary malignant bone tumors 
that are rarely seen and grow slowly. They are the 
fourth most common malign bone tumor with an 
incidence of about 0.1/100,000 22,23. They are seen 
twice as frequently in males than in females and are 
generally observed in late decades. When they are 
observed in young patients, the tumor often occurs 
in the base of the skull, and tumors found in this 
region generally represent only 5% of chordomas28. 
The average age at diagnosis is 58.5 years, and the 
incidence increases with age22,28.

Chordomas develop from intraosseous embryonic 
notochord remnants and therefore they occur in 
the midline, through the axial skeleton from the 
skull base to the coccyx. In terms of frequency, they 
occur most in the sacrum (50–60%), the base of the 
skull (25–30%), the cervical region (10%), and the 
thoracolumbar vertebrae (5%)21,28. They are usually 
diagnosed in the late period, as they are low-grade 
tumors that show a slow progression in the pelvis, 
deep in the sacrum. At this stage, they mostly 
cause wide bone destruction and invade important 
neurological structures29.

Chordomas have low sensitivity to conventional 
radiotherapy and chemotherapy11,13,28,37,41. Therefore, 
the main treatment consists of surgical excision. 
The best prognosis is obtained with sacrectomy 
applied with wide resection borders2,11,13,33,37. During 
wide excision, complications such as ambulatory 
dysfunction, sexual dysfunction, and anal and bladder 
incontinence can be observed postoperatively in the 
lower extremities, due to the need for wide nerve 
root and ligament excision11,13,28,37,41. The recurrence 
rate is high and 5–40% metastasis is observed in 
patients1-4,16,18,32,37,40. In the literature, the 5- and 10-
year survival rates after sacrectomy were reported as 
45–77% and 28–50%, respectively13,33,31,35.

CLINICAL FINDINGS:
The growth of chordomas is slow and therefore they 
are usually found at an advanced stage when they 
are diagnosed. Although the clinical findings vary 
according to the localization of the lesions, the most 

common complaint independent of localization is 
pain. The pain has an insidious characteristic that 
slowly increases4,7. The tumors often extend to 
the spinal canal and can cause compression of the 
medulla, cauda equina, or nerve roots. As a result, 
signs such as weakness, decreased sensation, bowel 
and bladder incontinence, and sexual dysfunction 
can develop. 

Chordomas in the base of the skull generally grow 
in the clivus and give signs of cranial nerve paralysis. 
Large chordomas placed in the sacrum can cause 
endocrinopathies. Other rare signs are epistaxis 
and intracranial bleeding24,25. While cervically-
localized chordomas can give signs such as airway 
obstruction, retropharyngeal mass, dysphagia, 
dysphonia, or Horner syndrome4, sacral-localized 
chordomas can cause signs of rectal dysfunction 
such as obstipation, constipation, tenesmus, and 
hemorrhoids, due to presacral tension14. In studies, 
the average occurrence and duration of symptoms 
has been reported as varying between 4 and 40 
months7,13.

Although chordomas do not initially metastasize, 
distant metastasis can be observed due to late 
diagnosis. When they are diagnosed, about 5% of 
chordomas can metastasize to the lung, bone, skin, 
or brain. In advanced stages of the disease, metastasis 
can be found at a rate of 65% 6,12. However, it has 
been stated that metastasis does not affect survival 
as much as the local progression of the tumor8. 
The most important factor in terms of mortality is 
local recurrence, and therefore it is vital to provide 
a suitable resection distance for the borders during 
surgical resection4,13,41.

IMAGING METHODS:
In direct X-rays, chordomas are classically observed 
as midline-localized osteolytic lesions with internal 
calcification. However, they often cannot be noticed 
in direct antero-posterior X-rays. By computerized 
tomography (CT), chordomas can be observed 
as osteosclerotic regions or mixed osteolytic and 
osteosclerotic bone destruction foci (Figures-1,2). 
In CT, amorphous intratumoral calcification foci are 
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observed in 30–90% of cases26,30. In more than 50% 
of cases, a tissue-attached fibrous pseudocapsule of 
a myxoid type can be observed30.

Figure-1. Sagittal computerized tomography 
section showing chordoma (Metin Sabancı 
Baltalimanı Bone diseases, Training and Research 
Hospital, Fotofilm Center Archive).

Figure-2. Sagittal computerized tomography 
showing chordoma (Metin Sabancı Baltalimanı 
Bone diseases, Training and Research Hospital, 
Fotofilm Center Archive).

In magnetic resonance imaging (MRI), when 
chordomas are compared with muscle tissue in 
T1-weighted images, they are observed between 
isointense and hypointense and with hemorrhagic 
and cystic changes due to calcification. They are 
observed as being heterogeneous and hyperintense 
in T2-weighted images. In both CT and MRI, 
a high rate of contrast involvement is seen with 
gadolinium26 (Figure-3).

Figure-3. Sagittal MRI section showing 
chordoma (Metin Sabancı Baltalimanı Bone 
diseases, Training and Research Hospital, 
Fotofilm Center Archive).

DIFFERENTIAL DIAGNOSIS:
Although chordomas are the most common 
primary malign tumors of the sacrum and mobile 
spines, most sacral and spinal neoplasms consist of 
metastatic lesions and multiple myeloma26. Although 
chordomas can be confused with plasmacytomas due 
to lytic images, a positive scintigraphic involvement 
is present with chordomas. Osteomyelitis and 
lymphoma can be also radiographically confused 
with chordoma, but these conditions reveal totally 
different clinical landscapes17. Other lesions that can 
be confused, benign notochordial remnants, do not 
cause bone destruction or cortical irregularity. These 
lesions are generally asymptomatic42.
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In radiographic images, chordoma are differentiated 
from chondrosarcoma and metastatic lesions by the 
lack of accompanying soft tissue masses17. Other 
primary sacral tumors include benign lesions, 
such as giant cell tumors, aneurysmal bone cysts, 
osteoid osteoma, osteoblastoma, hemangioma, and 
nerve sheath tumors, and malignant lesions such as 
Ewing sarcoma, primitive neuroectodermal tumors, 
osteosarcoma, Paget’s sarcoma, multiple myeloma, 
and plasmacytoma19,26. Additionally, in primary 
vertebral lesions, teratoma and dermoid should also 
be considered20.

In histopathological examinations, immuno-
histochemical examinations can be helpful for 
differential diagnosis of chordomas showing 
similarities with choroid meningioma, chondroma, 
chondrosarcoma, melanoma and metastatic 
adenosarcoma. Many chordomas show S100 
immunoreactivity. Thus, chordomas can be 
differentiated from metastatic adenosarcomas and 
meningiomas27. They can also be differentiated from 
chondromas, chondrosarcomas and melanomas by 
displayed epithelial membrane antigen immune 
reactivity27.

TREATMENT:
The basis of chordoma treatment is composed 
of surgery. Wide en bloc excision is essential for 
treatment due to the low-grade nature of these 
lesions. It is also essential to obtain wide clear 
surgical borders. In the surgical treatment of sacral 
chordomas, wide en bloc surgical excision was first 
defined by Stener and Gunterberg in 1970 36. Then, 
this technique was the basis of surgical treatment. In 
sacral chordoma resection, amputation is performed 
in a distal part of the sacrum or the whole sacrum 
is resected. Also, some adjacent parts of the pelvic 
bone can be removed to obtain a clear surgical 
border. During these processes necessary for wide 
resection, it can be necessary to sacrifice one or more 
nerve roots. As a result, motor and sensory deficit, 
sphincter dysfunction and sexual dysfunction can 
occur. Resections can be classified according to 
the localization of the removed upper segment or 
sacrificed upper nerve root. Thus, sacral amputations 

can be classified as lower (amputations in which at 
least one S4 root is sacrificed or are further distal), 
moderate (amputations in which at least one S3 root 
is sacrificed), or upper (amputations in which at least 
one S2 nerve root is sacrificed). Total sacrectomy 
involves the sacrifice of both S1 roots39.

Generally, while ipsilateral resection of the sacral 
nerve roots causes ipsilateral motor and sensory 
deficit, the intestinal and bladder functions are 
preserved. In lower sacral amputations, sphincter 
functions are generally preserved, but perineal 
sensory loss and sexual dysfunction can be often 
observed39. In moderate sacral amputations, 
functional losses of varying degrees can be observed. 
In most patients, saddle type anesthesia is frequent 
and sphincter control decreases, but motor function 
is generally full5. In most cases in which at least one 
of the S3 roots is preserved, normal intestinal and 
bladder functions are present. In cases in which 
at least one of the S2 roots is preserved, limited 
urinary and fecal continence are present, while 
sphincter functions are disrupted in most cases39. 
In upper sacral amputations and total sacrectomy, 
postoperative motor deficits can occur, especially in 
ankle plantar flexion, due to resection of the S1 root. 
In these patients, sphincter control is totallylost and 
saddle type anesthesia and sexual dysfunction are 
present5,36.

Surgical treatment of chordomas is difficult due to 
the complex regional anatomy, the advanced stage 
at diagnosis, and projection and invasion of adjacent 
tissues. Therefore, a surgical team including 
oncological surgeons, neurosurgery specialists, 
orthopedic surgeons and cosmetic surgeons 
should be involved in surgery. The application of 
advanced instrumentation techniques (such as 
iliac screws, transiliac bars etc.) can be necessary 
to prevent spinopelvic instability, especially for 
patients who received upper sacral amputation and 
total sacrectomy after tumor excision (Figure-4)21. 
Also, the application of a rotational gluteal flap or a 
transpelvic vertical rectus abdominis myocutaneous 
flap can be necessary for healthy wound healing, filling 
dead spaces, and closure of possible skin defects15.
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Figure-4. Reconstruction using transpedicular 
and iliac screws after total sacrectomy (Metin 
Sabancı Baltalimanı Bone diseases, Training and 
Research Hospital, Fotofilm Center Archive).

The aim of surgery of chordomas found in the 
spinal body is en bloc resection providing clear 
surgical borders. In intralesionary excisions, a high 
rate of recurrence is observed, which negatively 
affects survival4,7. For patients for whom the 
capsule was damaged during en bloc resection, 
Kaiser et al. showed almost twice as much local 
recurrence23. Therefore, the affected spinal body 
should be removed as a single block. To achieve 
this, a posterior and anterior combination of 
transpleural thoracotomy, thoraco-abdominal and 
retroperitoneal abdominal approaches is necessary8. 
First, en bloc removal of the posterior elements is 
carried out, and then the anterior part is resected. 
Lastly, spinal reconstruction is carried out. 

Wide en bloc resection is not always possible due 
to the tumor size, the tumor extension, or the 
excessive morbidity that the tumor will cause. In 
this situation, although it is obligatory to work 
intralesionarily, extracapsular excision of the tumor, 
at least, should be provided without damaging the 
pseudocapsule. Then, these patients should receive 
adjuvant radiotherapy in order to provide local 
control of the residual tumor10.

As for sacral chordomas, treatment of upper 
cervically-localized chordomas is difficult due to 
the complex anatomy and presence of sensitive 
structures. They can spread to the retropharyngeal 
space or the epidural region. Multidisciplinary 
teams, including cosmetic surgeons and 
otorhinolaryngologists, should perform surgery. A 
transglossal or transmandibular approach from the 
anterior can be preferred in treatment. Therefore, 
extracapsular excision can be performed by reaching 
the tumor pseudocapsule. Instrumentation should 
be carried out for stability. As a result of damage 
to adjacent sensitive structures, complications such 
as dysphagia, dysphonia and Horner syndrome can 
develop.

In cases where complete resection is not possible 
or the surgical border is positive, radiotherapy can 
be used as an adjuvant treatment even though its 
efficacy has not been proved. Due to the proximity 
to sensitive neurological structures, treatment of 
chordomas with standard radiotherapy is difficult. 
These tumors are relatively resistant to radiation. 
Therefore, higher doses of 60–70 Gy that the tumor 
cannot tolerate should be applied. Also, implants 
used for reconstruction can prevent accurate 
targeting by forming artifacts10.

Chordomas are highly resistant to chemotherapy. 
Chemotherapy can only be effective for rarely seen 
high-grade dedifferentiated chordomas. Casali et 
al. used imatinib, a PDGFR-beta (platelet derived 
growth factor receptor) inhibitor, in 18 patients, and 
reported positive results for many patients9. After 
treatment, a decrease in the contrast involvement 
was observed over the course of one year. In another 
study including 31 patients, imatinib increased 
PDGFR-beta activation and expression38. In the 
light of these studies, imatinib treatment seems 
promising. Anti-angiogenic agents and epidermal 
growth factor receptor inhibitors have been also 
tried10.



The Journal of Turkish Spinal Surgery230

REFERENCES 
1.	 Ariel IM, Verdu C. Chordoma: an analysis of 

twenty cases treated over a twenty-year span. J Surg 
Oncol 1975; 7: 27–44.

2.	 Azzarelli A, Quagliuolo V, Cerasoli S, Zucali R, 
Bignami P, Mazzaferro V, Dossena G, Gennari L. 
Chor- doma: natural history and treatment results in 
33 cases. J Surg Oncol 1988; 37: 185–191.

3.	 Baratti D, Gronchi A, Pennacchioli E, Lozza L, 
Colecchia M, Fiore M, Santinami M. Chordoma: 
natural history and results in 28 patients treated at a 
single institution. Ann Surg Oncol 2003; 10: 291–296.

4.	 Bergh P, Kindblom LG, Gunterberg B, Remotti F, 
Ryd W, Meis-Kindblom J. Prognostic factors in 
chordoma of the sacrum and mobile spine: a study 
of 39 patients. Cancer 2000; 88: 2122–2134.

5.	 Biagini R, Ruggieri P, Mercuri M, Capanna R, 
Briccoli A, Perin S, Orsini U, Demitri S, Arlecchini 
S. Neurologic deficit after resection of the sacrum. 
Chir Organi Mov 1997; 82: 357-372.

6.	 Bjornsson J, Wold LE, Ebersold MJ, Laws ER. 
Chordoma of the mobile spine. A clinicopathologic 
analysis of 40 patients. Cancer 1993; 71: 735–740.

7.	 Boriani S, Bandiera S, Biagini R, Bacchini P, Boriani 
L, Cappuccio M, Chevalley F, Gasbarrini A, Picci P, 
Weinstein JN. Chordoma of the mobile spine: Fifty 
years of experience. Spine 2006; 31: 493-503.

8.	 Boriani S, Chevalley F, Weinstein JN, Biagini R, 
Campanacci L, De Iure. Chordoma of the spine 
above the sacrum. Treatment and outcome in 21 
cases. Spine 1996; 21: 1569–1577.

9.	 Casali PG, Stacchiotti S, Messina A, Tamborini E, 
Martini C, Ripamonti C, Crippa F, Spreafico C, 
Colecchia M, Pilotti S. Imatinib mesylate in 18 
advanced chordoma patients. J Clin Oncol 2005; 23: 
9012.

10.	 Casali PG, Stacchiotti S, Sangalli C, Olmi P, Gronchi 
A. Chordoma. Curr Opin Oncol 2007; 19: 367- 370.

11.	 Catton C, O’Sullivan B, Bell R, Laperriere N, 
Cummings B, Fornasier V, Wunder J. Chordoma: 
long- term follow- up after radical photon 
irradiation. Radio- ther Oncol 1996; 41: 67–72.

12.	 Chambers PW, Schwinn CP. Chordoma: a clini- 
copathologic study of metastasis. Am J Clin Pathol 
1979; 72: 765–776.

13.	 Cheng EY, Ozerdemoglu RA, Transfeldt EE, 
Thompson Jr RC. Lumbosacral chordoma. 
Prognostic factors and treatment. Spine1999; 24: 
1639–1645.

14.	 Fourney DR, Gokaslan ZL. Current management of 
sacral chordoma. Neurosurg Focus 2003; 15: E9.

15.	 Fourney DR, Rhines LD, Hentschel SJ. En bloc 
resection of primary sacral tumors: Classification of 
surgical approaches and outcome. J Neurosurg Spine 
2005; 3: 111-112.

16.	 Fuchs B, Dickey ID, Yaszemski MJ, Inwards CY, Sim 
FH. Operative management of sacral chordoma. J 
Bone Joint Surg 2005; 87-A: 2211–2216.

17.	 Greenspan A, Jundt G, Remagen W. Chordoma. In: 
Differential Diagnosis in Orthopaedic Oncology, 2nd 
Edition, Lippincott Williams & Wilkins, Philadelphia 
2006; pp: 445-446.

18.	 Gunterberg B, Romanus B, Sterner B. Pelvic 
strength after major amputation of the sacrum: 
an experimental study. Acta Orthop Scand 1976; 47: 
635–642.

19.	 Healey JH, Lane JM. Chordoma: A critical review 
of diagnosis and treatment. Orthop Clin North Am 
1989; 20: 417-426.

20.	 Heary RF, Vaccaro AR, Benevenia J, Cotler JM. 
“En-bloc” vertebrectomy in the mobile lumbar 
spine. Surg Neurol 1998; 50: 548-556.

21.	 Jackson RJ, Gokaslan ZL. Spinal-pelvic fixation in 
patients with lumbosacral neoplasms. J Neurosurg 
2000; 92(1 suppl): 61-70.

22.	 Jemal A, Siegel R, Ward E, Murray T, Xu J, Thun MJ. 
Cancer statistics, 2007. CA Cancer J Clin 2007; 57–66.

23.	 Kaiser TE, Pritchard DJ, Unni KK. Clinicopat- 
hologic study of sacrococcygeal chordoma. Cancer 
1984; 53: 2574–2578.

24.	 Kitai R, Yoshida K, Kubota T, Sato K, Handa Y, 
Kasahara K, Nakajima H. Clival chordoma 
manifesting as nasal bleeding: a case report. 
Neuroradiology 2005; 47: 368–371.

25.	 Levi AD, Kucharczyk W, Lang AP, Schutz H. Clival 
chordoma presenting with acute brain stem hemorr- 
hage. Can J Neurol Sci 1991; 18: 515–518.

26.	 Llauger J, Palmer J, Amores S, Bagué S, Camins 
A. Primary tumors of the sacrum: Diagnostic 
imaging. AJR Am J Roentgenol 2000; 174: 417-424. 



The Journal of Turkish Spinal Surgery 231

27.	 Maclean FM, Soo MY, Ng T. Chordoma: 
Radiological-pathological correlation. Australas 
Radiol 2005; 49: 261-268.

28.	 McMaster ML, Goldstein AM, Bromley CM, Is- 
hibe N, Parry DM. Chordoma: incidence and 
survival patterns in the United States,1973-1995. 
Cancer Causes Control 2001; 12: 1–11.

29.	 Mirra J, Nelson S, Della Rocca C. Chordoma. In: 
Fletcher CD, Unni K, Mertens F (Eds.). Pathology 
and Genetics of Tumours of Soft Tissue and Bone. 
IARC Press, Lyon 2002; pp: 316–317.

30.	 Murphey MD, Andrews CL, Flemming DJ, Temple 
HT, Smith WS, Smirniotopoulos JG. From the 
archives of the AFIP: Primary tumors of the spine. 
Radiologic pathologic correlation. Radiographics 
1996; 16: 1131-1158.

31.	 Osaka S, Kodoh O, Sugita H, Osaka E, Yoshida Y, 
Ryu J. Clinical significance of a wide excision policy 
for sacrococcygeal chordoma. J Cancer Res Clin Oncol 
2006; 132: 213–218.

32.	 Rich TA, Schiller A, Suit HD, Mankin HJ. Clinical 
and pathologic review of 48 cases of chordoma. 
Cancer 1985; 56: 182–187.

33.	 Samson IR, Springfield DS, Suit HD, Mankin HJ. 
Operative treatment of sacrococcygeal chordoma. A 
review of twenty-one cases. J Bone Joint Surg 1993; 
75-A: 1476–1484.

34.	 Singh N, Soo M, De Cruz M, Gomes L, Maclean 
F, Dandie G. Cervical chordoma presenting 
as retrop- haryngeal mass and dysphonia: Case 
report and literature review. Australas Radiol 2007; 
51(suppl): B183-B188.

35.	 Smith J, Ludwig RL, Marcove RC. Sacrococcygeal 
chordoma. A clinicoradiological study of 60 patients. 
Skeletal Radiol 1987; 16: 37–44.

36.	 Stener B, Gunterberg B. High amputation of the 
sacrum for extirpation of tumors. Principles and 
technique. Spine 1978; 3: 351–366.

37.	 Sundaresan N, Huvos AG, Krol G, Lane JM, 
Brennan M. Surgical treatment of spinal chordomas. 
Arch Surg 1987; 122: 1479–1482.

38.	 Tamborini E, Miselli F, Negri T, Lagonigro MS, 
Staurengo S, Dagrada GP, Stacchiotti S, Pastore E, 
Gronchi A, Perrone F, Carbone A, Pierotti MA, 
Casali PG, Pilotti S.Molecular and biochemical 
analyses of platelet-derived growth factor receptor 
(PDGFR) B, PDGFRA, and KIT receptors in 
chordomas. Clin Cancer Res 2006; 12: 6920-6928.

39.	 Todd LT Jr, Yaszemski MJ, Currier BL, Fuchs B, 
Kim CW, Sim FH. Bowel and bladder function 
after major sacral resection. Clin Orthop Relat Res 
2002; 397: 36-39.

40.	 Yonemoto T, Tatezaki S, Takenouchi T, Ishii T, Satoh T, 
Moriya H. The surgical management of sacrococc- 
ygeal chordoma. Cancer 1999; 85: 878–883.

41.	 York JE, Kaczaraj A, Abi-Said D, Fuller GN, Skibber 
JM, Janjan NA, Gokaslan ZL. Sacral chordoma: 40-
year experience at a major cancer center. Neurosurgery 
1999; 44: 74–80.

42.	 Yamaguchi T, Iwata J, Sugihara S, McCarthy EF 
Jr, Karita M, Murakami H, Kawahara N, Tsuchiya 
H, To- mita K. Distinguishing benign notochordal 
cell tumors from vertebral chordoma. Skeletal Radiol 
2008; 37: 291- 299.


