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Background: Chordomas are rare, slow growing, locally aggressive malignant bone tumors that arise from rem- 

nants of the embryonic notochord with variable presenting symptoms depending on tumor location. 

Methods: All patients with craniospinal chordoma managed at our institution between 1982 and 2023 were ret- 

rospectively reviewed. Demographics, tumor characteristics, clinical course and treatment, and long-term neu- 

rological and survival outcomes were collected. Adjuvant radiotherapy (RT) was stratified into standard dose 

fractionated radiotherapy (standard XRT) for doses of 50 to 60 Gy at 1.8 Gy fractions or high dose hyperfrac- 

tionated stereotactic radiotherapy (HD-FSRT) for doses of 60 to 81 Gy at 1.2-1.5 Gy fractions per treatment. 

Descriptive statistics, univariate analysis, Log-rank test, and Kaplan-Meier survival analysis were performed. 

Results: A total of 37 patients were included in our cohort (mean age 46.0 ± 20.8 years; 22 male). Clival chordo- 

mas accounted for the majority of patients (56.8%), followed by vertebral (27%) and sacral (10.8%) chordomas. 

Thirty-five patients (94.6%) underwent gross total resection (GTR) or subtotal resection (STR), and 2 patients 

underwent excisional biopsy only. Postoperatively, functional status trended towards improvement (KPS: Preop- 

80 [range 40–100] vs. Post op- 90 [60–100], p = .0911) and all patients either maintained or improved their neu- 

rological function. Median overall survival (OS) after diagnosis was 16.5 years. Age < 65, clival tumor location, 

post-operative Frankel grade E, and administration of adjuvant RT following initial STR significantly improved 

OS. OS of GTR patients was not significantly affected by adjuvant RT treatment. 

Conclusions: Our results show the best long-term survival outcomes for chordoma patients undergoing GTR of 

tumor tissue. Higher postoperative neurological function was significantly associated with OS, highlighting the 

importance of maximal but safe total tumor resection. Moreover, adjuvant RT improved long-term survival for 

patients that underwent STR but had no effect on survival outcomes for patients that underwent GTR. 
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First described by Virchow in 1857, chordomas are rare, slow grow-

ng, locally aggressive malignant bone tumors that arise from remnants

f the embryonic notochord [ 1 , 2 ]. These tumors account for 1-4% of all

rimary bone tumors, with an annual incidence of 0.08 per 100,000 pop-

lation. Chordomas are more common in men, Caucasians, and patients

lder than 40 years [ 3 ]. Their most common sites of occurrence include

he sacrococcygeal region (29%–50%), clivus (32%–40%), and lumbar
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pine (5%–15%) [ 1 , 4 ]. Depending on tumor location, the presenting

ymptoms are highly variable and include cranial nerve dysfunction,

ain, weakness, sensory abnormalities, and/or bowel/bladder/sexual

ysfunction [ 5 ]. 

Chordomas have an aggressive clinical course and poor long-term

rognosis, primarily due to their high local recurrence rates rather than

etastatic potential [ 6 ]. Local recurrence rates ranging from 43%-85%

ave been reported with an overall survival rate of 61% at 5 years and

1% at 10 years ( Fig. 1 ) [ 1 , 3 , 7–9 ]. 
vival; PFS, Progression free survival; EOR, Extent of resection. 
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Fig. 1. Recurrent Clival Chordoma in a 64-year-old male patient with prior L sided retro-sigmoid craniotomy and gross total tumor resection, now presenting with 

new R sided lesion after presenting with an episode of right facial numbness, dysphasia and left sided hemiparesis, 6 years after index surgery. He underwent a repeat 

craniotomy with a right suboccipital approach for intralesional curettage and gross total excision of underlying recurrent mass. Axial (A), Coronal (B) and Sagittal 

(C) post-gadolinium T1 MRI brain sequences showing post-surgical changes of L sided retro-sigmoid craniotomy (arrows) with gross total resection of L clival mass. 

Follow up MRI brain with post-gadolinium T1 Axial (D), Coronal (E) and Sagittal (F) sequences obtained 6 years after initial surgery, showing a new heterogeneously 

enhancing R petroclival mass (arrows) with mass effect and compression of the R cerebral peduncle. Note the new artifact posteriorly from a shunt that was placed 

for management of hydrocephalus following his initial tumor resection surgery. 
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Definitive management typically involves surgical resection, with or

ithout adjuvant radiotherapy (RT), or chemotherapy. Since its intro-

uction in the 1970 ′ s by Stener and Gunterberg, en bloc surgical re-

ection with wide margins, followed by (more recently adopted) ad-

uvant proton beam radiotherapy (PBT) in cases of subtotal resection

STR), is currently considered the standard treatment for chordomas

 1 , 4 , 7 , 8 , 10–12 ]. However, this treatment paradigm is associated with

ignificant morbidity, and is often difficult to achieve given the tumor’s

roximity to adjacent critical neural structures like the optic chiasm,

rain stem, or cauda equina [ 13 ]. Moreover, a recent single-institutional

eport showed similar local tumor control and overall survival rates

ith spinal stereotactic body radiotherapy (SBRT) following intrale-

ional curettage and separation surgery for nonresectable chordomas,

lleviating the need for aggressive tumor debulking [ 14 ]. This approach,

owever, remains highly controversial. Furthermore, the role of adju-

ant RT in the setting of gross total tumor resection (GTR) remains to

e clearly elucidated [ 15–17 ]. 

In this manuscript, we present a retrospective, single-institution case

eries of clival, vertebral, and sacral chordomas managed at our institu-

ion, analyze our treatment algorithm and patient outcomes, and exten-

ively review the associated literature. 

ethods 

nstitutional setting 

The study was approved by the University of Iowa institutional

eview board (IRB #201902751). A retrospective review of hospital
2

ecords was performed for patients with a pathological diagnosis of cran-

ospinal chordoma from January 1982 to September 2023. Exclusion

riteria included chordomas location outside of the clivus, sacrum, or

pine, or chordoma treated at an outside institution. The requirement for

nformed consent was waived by the IRB for all subjects. Patient infor-

ation obtained in this study included patients seen in the Department

f Neurosurgery, Otolaryngology, and Orthopedics and Rehabilitation at

he University of Iowa Hospitals and Clinics, an academic tertiary care

acility with a level 1 trauma center and outreach clinics across Iowa.

hart records were obtained from the EPIC (Epic Systems Corporation,

adison, WI) electronic medical record (EMR). 

ata collection 

The EMRs of 64 patients were initially reviewed. Following initial

ata collection, 37 patients were identified as having a pathologically

onfirmed diagnosis of cranial or spinal chordoma managed at our insti-

ution and were included in the analysis. The remaining 27 patients had

hordomas outside the skull base/spine or underwent their treatment at

 different institution. 

We collected data on patient demographics, tumor characteristics,

linical presentation and course, treatment modality and characteristics,

nd long-term neurological and survival outcomes (follow-up history,

nd vital status as of September 2023). Adjuvant RT was stratified as

tandard dose fractionated radiotherapy (standard XRT) for doses of 50

o 60 Gy at 1.8 Gy fractions, or high dose hyper-fractionated stereotactic

adiotherapy (HD-FSRT) for doses of 60 to 81 Gy at 1.2 to 1.5 fractions

er treatment. Radiographic evaluation included computed tomography
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CT) and magnetic resonance imaging (MRI). Imaging was used to eval-

ate the lesion location, appearance, and presence of tumor recurrence

r progression. Gross total resection (GTR) was confirmed through eval-

ation of postoperative radiological imaging and margins were not ex-

mined. En bloc resection was included in the GTR cohort. Neurologic

tatus was documented using pre- and postoperative Frankel grade, and

unctional status was documented using Karnofsky Performance Scale

KPS) scores. 

tatistical methods 

Descriptive statistics with mean ( ± SD) and median (range), as ap-

ropriate, were performed for patient demographics, tumor character-

stics, clinical course, and treatment factors. Patient demographics ob-

ained included age, sex, and ethnicity. Tumor characteristics included

umor location, appearance, radiological diagnosis, and final pathologic

iagnosis. Clinical course included presenting symptoms, pre- and post-

perative KPS and Frankel grade, tumor recurrence, follow-up history,

nd vital status as of September 2023. Treatment factors included extent

f resection (EOR), estimated blood loss (EBL), need for reoperation, and

he use of adjuvant chemotherapy and/or radiotherapy. 

GraphPad Prism9 (Dogmatics LLC, San Diego, CA, USA) was used

or quantitative analysis. Categorical variables were compared using

isher’s exact test and Chi-square tests, and numerical variables were an-

lyzed using the Mann-Whitney-Wilcoxon rank-sum test. Survival anal-

sis was performed using Kaplan-Meier estimation and/or Pearson’s cor-

elation coefficient. Progression-free survival (PFS) was calculated from

he date of the initial surgery to the date of tumor recurrence or pro-

ression on radiological evaluation. Overall survival (OS) was calculated

rom date of initial surgery to the date of death. Patients not documented

s deceased or with progressive residual tumor or tumor recurrence were

ensored from the date of the last follow-up for OS and PFS, respectively.

esults were considered significant at p < .05. 
ig. 2. (A) Pie chart distributions of the cohort by tumor locations. (B) Proportions of

C) Pre- and postoperative Frankel grade and median KPS. (D) Intraoperative EBL s

roportions of EOR during surgical resection by tumor locations (clival, vertebral and

3

esults 

A total of 37 patients (22 male [59.5%], 15 female [40.5%]) with

raniospinal axis chordomas were included in this study. The mean age

t diagnosis was 46.0 ± 20.8 years. The most common anatomic loca-

ions for tumor presentation were the clivus (n = 21 [56.8%]), lumbar

pine (n = 6 [16.2%]), sacrum (n = 4 [10.8%]), cervical (n = 4 [10.8%])

nd thoracic spine (n = 2 [5.4%]) ( Fig. 2 ). The baseline demographics

nd clinical presentation of the patients included in the cohort are shown

n Table 1 . 

lival chordomas 

There were 21 patients (10 males [47.6%], 11 females [52.4%]) with

lival chordomas. The mean age at presentation was 42.8 ± 21.4 years

range, 7-88 years) and the most common presenting symptom was a

eurological deficit due to cranial nerve palsy (n = 15, 71.4%). The mean

uration from symptom onset to clinical presentation was 9.7 ± 14.3

onths. 

STR was achieved in 15 patients (71.4%), GTR in 5 patients (23.8%),

nd excisional biopsy without resection was performed in 1 patient

4.8%) ( Fig. 2 ). Among the patients that underwent microsurgical tumor

ebulking, all underwent intralesional curettage as en bloc resection was

ot feasible given tumor location. Thirteen patients (65.0%) underwent

esection via anterior or anterolateral approach (endoscopic endonasal

rans-clival, trans-oral or pterional craniotomy), 3 patients (15.0%)

nderwent a posterior approach (suboccipital craniotomy), 3 patients

15.0%) underwent a lateral or posterolateral approach (transtempo-

al or far lateral craniotomy), and 1 patient (5.0%) underwent com-

ined posterior and lateral approach ( Table 2 ). Mean EBL was 182.8

L (range, 20–400 mL) ( Fig. 2 ). There was a trend towards better im-

rovement in preoperative KPS by surgical approach in favor of poste-

ior approach (p = .0644). 
 EOR during surgical resection by tumor locations (clival, vertebral and sacral). 

tratified by tumor location (Clival, cervical, thoracic, lumbar, and sacral). (E) 

 sacral). 
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Table 1 

Baseline demographics and clinical characteristics. 

Characteristic Clivus n = 21 Vertebral n = 12 Sacral n = 4 p-value 

Age in years, mean ± standard deviation (range) 42.8 ± 21.4 (7–88) 46.3 ± 21 (14–75) 61.8 ± 10.3 (52–73) 0.2521 

Male sex, n (%) 10 (47.6) 9 (75.0) 3 (75.0) 0.3089 

Symptoms on presentation, n (%) 

Cranial nerve palsy 15 (71.4) - - 

Headache 2 (9.5) - - 

Back/neck pain - 7 (58.3) 2 (50.0) 

Paresthesia - 3 (25.0) - 

Bowel/bladder incontinence - - 1 (25.0) 

Saddle anesthesia - - 1 (25.0) 

Other ∗ 4 (19.0) 2 (16.7) - 

Preoperative radiological diagnosis, n (%) 

Chordoma 9 (47.4) 6 (50.0) 3 (75.0) 

Meningioma 2 (10.5) - - 

Primary bone tumor - 2 (16.7) - 

Neoplasm - - 1 (25.0) 

Other † 8 (42.1) 4 (33.3) - 

Preoperative Frankel grade, n (%) 0.999 

C 1 - - 

D 12 7 3 

E 8 4 1 

Unknown - 1 - 

Preoperative KPS, median (range) 80 (40–90) 80 (40–100) 80 (60–90) 0.3846 

∗ Sinus pressure, tinnitus, facial numbness, dysphagia, asymptomatic and not available, each in one patient apiece. 
† Skull base mass, clival lesion, cystic lesion, pseudotumor, paraganglioma, pituitary adenoma, metastatic process, sacral mass, epidural mass, lytic lesion, and 

mass lesion. 

Table 2 

Treatment characteristics. 

Characteristic Clival n = 21 Vertebral n = 12 Sacral n = 4 p-value 

Initial surgical approach, n (%) 

Intralesional curettage - Clival 

Anterior 13 (65.0) 

- - 

Posterior 3 (15.0) - - 

Lateral 3 (15.0) - - 

Anterior + Posterior 1 (5.0) - - 

En bloc resection 

(Spondylectomy/Sacrectomy) 

- 5 (41.7) 2 (50.0) 

Intralesional curettage - 3 (25.0) 1 (25.0) 

Intralesional curettage + fusion - 4 (33.3) - 

Nonsurgical/biopsy 1 (5.0) - 1 (25.0) 

Extent of initial resection, n (%) 

GTR 5 (23.8) 5 (41.7) 2 (50.0) 

STR 15 (71.4) 7 (58.3) 1 (25.0) 

Biopsy 1 (4.8) - 1 (25.0) 

Estimated blood loss in mL, mean (range) 182.8 (20–400) 800.8 (55–1750) 383.3 (150–600) .033 

Adjuvant radiation, n (%) 15 (71.4) 6 (50.0) 2 (66.7) 
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Fifteen patients (71.4%) received adjuvant RT after initial resection.

wo patients (13.3%) received standard XRT, 9 (60.0%) received HD-

SRT and 4 patients (26.7%) received PBT ( Fig. 2 ). The overall median

S was 13.3 years (range, 0.07–34.6 years). The median OS for patients

ho underwent STR and adjuvant RT (23.8 years, range, 0.2–25.6 years)

as significantly higher than the patients who didn’t receive adjuvant

T (4.1 years, range, 0.07–6.8 years) (p = .0005). However, the median

S of patients that underwent GTR only (34.6 years, range, 25.3–34.6

ears) was not significantly different to the median OS of patients that

nderwent GTR and adjuvant RT (17.3 years, range, 13.0–18.6 years)

p = .3173). 

umor recurrence and survival outcomes 

Following initial tumor resection, preoperative neurologic status im-

roved postoperatively in 5 patients (25%), 15 patients (75%) main-

ained their neurologic status, and no patients experienced worsening

eurological function. There was a trend towards improvement in me-

ian KPS score postoperatively (90, range, 60–100) from a preoperative

edian KPS score of 80 (range, 40–90) (p = .1). 
4

Two GTR patients (40%) and 8 STR patients (53.3%) experienced lo-

al recurrence or progression, with a median PFS of 13.3 years (range,

.3–20.3 years) and 6.7 years (range, 0.5–23.5 years), respectively. All

atients had received adjuvant RT following initial resection. Of these,

 patients (70%; 1 GTR, 6 STR) underwent re-resection, 1 patient (10%)

nderwent stereotactic radiosurgery, 1 patient (10%) succumbed shortly

fter recurrence, and 1 patient (10%) had a recurrence on initial fol-

ow up imaging that has since remained stable on subsequent follow-

ps. There was a trend towards an increased risk of tumor progres-

ion/recurrence in STR patients compared to GTR patients (p = .0886).

The median follow-up period was 2158 days (range, 23–9319 days).

s of November 2023, 9 patients (40.9%) in this cohort had succumbed

ue to progression of their disease. Four patients (20.0%) experienced

ostoperative complications. The most common complications were CSF

eak (n = 3, 75%) and wound dehiscence (n = 1, 25%) ( Table 3 ). 

ertebral chordomas 

There were 12 patients (9 males [75%], 3 females [25%]) with verte-

ral chordomas; 4 patients (33.3%) had cervical chordomas, 2 patients
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Table 3 

Outcomes. 

Characteristic Clival n = 21 Vertebral n = 12 Sacral n = 4 p-value 

Neurological function (Frankel grade) 

Improved neurological function, n (%) 5 (23.8) 2 (18.2) 1 (25.0) 

Maintained preoperative neurological function, n (%) 15 (71.4) 9 (81.8) 2 (50.0) 

Nonsurgical, n (%) 1 (4.8) - 1 (25.0) 

Postoperative KPS, median (range) 90 (60–100) 90 (60–100) 90 (80–90) 

Postoperative complications, n (%) 

CSF leak 3 (75.0) - - 

Wound dehiscence 1 (25.0) - - 

Wound infection - - 1 (100.0) 

Recurrence outcomes 

Repeat resection performed, n (%) 7 (35.0) 5 (41.7) 1 (33.3) 

Overall survival in years, median (range) .2205 

No repeat resection 16.5 (1.4–16.5) 4.0 (0.3–25.1) - 

Repeat resection 23.8 (6.8–25.6) 8.0 (3.4–12.8) 5.7 (5.7–5.7) 

Follow-up time in days, median (range) 2158 (23–9319) 1731 (114–4653) 208.5 (13–2031) 

5-year survival rate (%) 88.9 77.8 100.0 

10-year survival rate (%) 81.3 44.4 0.0 

Overall survival in years, median (range) 23.8 (0.07–34.6) 9.3 (0.3–25.1) 6.5 (0.3–7.4) .0424 

Progression-free survival in years, median (range) 21.8 (0.5–23.5) 3.3 (0.2–9.0) 1.1 (1.1–1.1) .0438 
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16.7%) had thoracic chordomas, and 6 patients (50.0%) had lumbar

hordomas. The mean age at presentation was 46.3 ± 21 years (range,

4–75 years). Back/neck pain was the most common symptom upon ini-

ial presentation (n = 7, 58.3%), followed by radiculopathy/paresthesia

n = 3, 25.0%). One patient (8.3%) was asymptomatic on presentation

 Table 1 ). The mean duration between symptom onset and clinical pre-

entation was 9.9 ± 11.6 months. 

STR was achieved in 7 patients (n = 7, 58.3%). Five patients (41.7%)

eceived en bloc resection via spondylectomy, and 7 patients (58.3%)

eceived intralesional curettage with or without fusion ( Table 2 ). Im-

rovement from pre- to postoperative KPS was not significantly different

etween surgical approaches (p = .2212). 

After initial tumor resection, 6 patients (50.0%) received adjuvant

herapy; 5 patients (83.3%) received HD-FSRT, and 1 patient (16.7%)

eceived PBT ( Fig. 2 ). Surprisingly, the median OS of patients that un-

erwent STR only (10.3 years, range, 3.4–14.4 years) was not signifi-

antly different to the median OS of patients that underwent STR with

djuvant RT (9.3 years, range, 4.0-12.8 years) (p = .4456), likely due

o an underpowered cohort. Similarly, the median OS of patients that

nderwent GTR only was not significantly different to the median OS

f patients that underwent GTR with adjuvant RT (p = .3173). The me-

ian OS of patients that underwent GTR only was undefined, with both

atients alive at 2.8 years and 25.1 years post-surgery. 

umor recurrence and outcomes 

Neurological status improved in 2 patients (16.7%), 9 patients (75%)

aintained preoperative neurological status and no patients experi-

nced worsening of neurological status following initial resection. Pre-

perative neurological status was not available for 1 patient (8.3%).

he median pre- and postoperative KPS were 80 (range, 40–100) and

0 (range, 60–100), respectively (p = .6761). There was no significant

ifference in change in KPS between patients that underwent STR com-

ared to GTR (p = .5455). 

Two GTR patients (40%) and 4 STR patients (57.1%) experienced

ocal recurrence or progression, with a median PFS of 2.9 years (range,

.99–4.8 years) and 4.8 years (range, 0.22–9.0 years), respectively. All

atients with recurrent disease underwent re-resection which yielded

TR given extensive local invasion of tumor. There was a significant

isk of tumor progression in patients that underwent STR compared to

atients that underwent GTR (p < .0001) and no significant difference in

FS (p = .4643). There was a trend towards significance in improvement

f the median OS of patients with recurrent disease that underwent a

epeat resection (8.0 years, range, 3.4-12.8 years) compared to patients

hat did not (4.0 years, range, 0.3–25.1 years) (p = .062). 
5

There was a significant difference in median OS between cervical

13.6 years, range, 9.3-14.4 years), thoracic (3.4 years, 2.8-3.4 years),

nd lumbar (7.1 years, range, 0.3–25.1 years) chordoma (p = .0096).

he median follow-up period was 1731 days (range, 114-4653 days). As

f November 2023, 6 patients (50.0%) had succumbed in this cohort; 2

atients died due to complications of their cancer and the remaining 4

atients died due to unknown causes. No patients experienced surgical

omplications postoperatively. 

acral chordomas 

There were 4 patients (3 male [75%], 1 female [25%]) with sacral

hordomas ( Fig. 3 ). The mean age at presentation was 61.8 ± 10.3 years

range, 52-73 years). Two patients (50%) presented with sacral pain,

 patient (25%) presented with bowel and bladder incontinence, and

 patient (25%) presented with both saddle anesthesia and bowel and

ladder incontinence. The mean duration between symptom onset and

linical presentation was 11.3 ± 16.8 months. 

GTR was achieved in 2 patients (50.0%), STR was achieved in 1

atient (25.0%), and 1 patient (25.0%) elected to undergo HD-FSRT ra-

iotherapy as primary treatment following excisional biopsy ( Fig. 2 ). In

he surgical group, 2 patients (66.7%) underwent en bloc resection and

acrectomy and 1 patient (33.3%) underwent resection via intralesional

urettage. 

Two patients (66.7%) received adjuvant HD-FSRT following initial

TR. These patients experienced no recurrent disease, while the patient

ho underwent STR and no adjuvant RT experienced progression with

 PFS of 1.1 years and OS of 5.7 years. Survival analyses comparing

reatment groups were limited due to a small sample size. 

umor recurrence and outcomes 

Neurological status improved postoperatively in 1 patient (33.3%),

 patients (66.7%) maintained preoperative neurological status, and no

atients experienced worsening of neurological status after resection.

he median preoperative KPS and postoperative KPS were 80 (range,

0–90) and 90 (range, 80–90), respectively. 2 patients had an improve-

ent in overall functional status. One patient, who elected radiotherapy

s primary treatment, was censored from this analysis. 

One patient (33%) had tumor progression following initial STR and

o adjuvant RT. Sacrectomy was performed for repeat resection fol-

owed by adjuvant RT. The OS for this patient was 5.7 years compared

o both GTR patients that are still alive at 1 year of follow up following

urgery. Survival analysis and comparative analyses according to treat-

ent modality were limited in this cohort due to a small sample size. 
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Fig. 3. Large sacral chordoma in a 78 y.o. male patient that presented with a 3-year history of intermittent sacral pain, worse with prolonged sitting. MRI Pelvis was 

obtained with sagittal T2 (A) and T1 post-gadolinium (B) sequences showing a 9.8 cm X 5.8 cm lobulated, T2 hyperintense lesion with heterogeneous enhancement 

arising from the ventral coccygeal region. Patient underwent CT-guided excisional biopsy which confirmed a diagnosis of chondroid chordoma. He later underwent 

an en bloc resection of the mass with sacrectectomy (C) with the tumor appearing as a gelatinous, lobulated mass with regions of necrosis and hemorrhage along 

with nodes of calcifications (D). Follow up post op MRI pelvis with sagittal T2 (E) and post-T1 gadolinium sequences showing GTR of the mass with post-operative 

changes and no evidence of residual disease or CSF leak. 
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The median follow-up period was 208.5 days (range, 13–2031 days).

s of November 2023, 2 patients (50.0%) in this cohort had succumbed

ue to disease progression. One patient (25.0%) experienced postoper-

tive wound infection. 

omparative outcomes 

stimated blood loss 

When comparing mean EBL by tumor location, the mean EBL for

ertebral tumors was significantly higher (800.8 mL ± 656.1 mL), com-

ared to clival (182.8 mL ± 133.6 mL) and sacral (383.3 mL ± 225.5

L) tumors (p = .033) ( Fig. 2 ). 

unctional and neurological outcomes 

The median preoperative KPS of all patients in this cohort was 80

range, 40–100) and the median postoperative KPS was 90 (range, 60–

00), with a trend towards improvement from pre- to postoperative KPS

p = .0911). Stratification by favorable postoperative outcomes (KPS >

0 and KPS ≤ 70) showed no significant difference in favorable outcome

ates between clival, vertebral, and sacral subgroups following initial

esection (p = .6376) ( Fig. 2 ). 

djuvant radiotherapy outcomes 

Twenty-three patients (65.7%) received adjuvant RT following ini-

ial resection. Standard XRT was used in 2 patients with clival chordoma,

D-FSRT was used in 16 patients (clival [n = 9], vertebral [n = 5], and

acral [n = 2]) and PBT was used in 5 patients (clival [n = 4] and ver-

ebral [n = 1]) ( Fig. 2 ). There was a trend toward improved median

S in patients that underwent STR and received adjuvant PBRT (25.6

ears, range, 0.6–25.6 years) as compared to adjuvant standard XRT

23.8 years, range, 23.8–23.8 years) and HD-FSRT (16.5 years, range,
6

.2-20.3 years) (p = .0901). However, the median OS was not signifi-

antly different between RT modalities in GTR patients (p = .179). Sim-

larly, there was an improvement in median PFS in patients that un-

erwent STR and adjuvant PBRT (23.5 years, range, 23.5–23.5 years)

s compared to adjuvant standard XRT (21.8 years, range, 21.8–21.8

ears) and HD-FSRT (5.0 years, range, 1.0–9.0 years) (p = .0175). 

urvival outcomes 

The median OS was 16.5 years (range, 0.07–34.6 years) with a

-year survival rate of 86.20% and a 10-year survival rate of 62.96%

 Fig. 5 ). Patients who were 65 years of age or older on presentation

ad a significantly lower median OS (5.7 years, range, 0.07–16.5 years)

han patients who were under 65 (23.8 years, range, 0.2–34.6 years)

p = .001). Moreover, there was a significant difference in median OS

etween clival (23.8 years, range, 0.07–34.6 years), vertebral (9.3 years,

ange, 0.3–25.1 years), and sacral (6.5 years, range, 0.3–7.4 years) tu-

or locations (p = .0424) ( Fig. 5 ). Similarly, median PFS was signifi-

antly higher in the clival cohort (21.8 years, range, 0.5–23.5 years),

ompared to the vertebral (3.3 years, range, 0.2–9.0 years), and sacral

1.1 years, range, 1.1–1.1 years) tumor locations (p = .0438). There was

o significant correlation between tumor location and EOR for all tumor

ocations. 

The median OS was significantly decreased in patients that under-

ent STR only (6.0 years, range, 0.07–14.4 years) compared to patients

hat underwent initial STR and adjuvant RT (23.8 years, range, 0.2–25.6

ears) (p = .0206) ( Fig. 5 ). In contrast, there was no significant differ-

nce in median OS of patients that underwent GTR only (34.6 years,

ange, 2.8–34.6 years) when compared to patients that underwent initial

TR and adjuvant RT (15.9 years, range, 0.3–18.6 years) (p = .1396).

owever, median OS was significantly higher for patients that under-
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ent GTR only when compared to patients who underwent initial STR

nd adjuvant RT (p = .0421). 

There was a significantly lower OS in patients with postoperative

rankel grade D or less (10.5 years, range, 0.07–25.3 years) as com-

ared to patients with postoperative Frankel grade E (25.6 years, range,

.2–34.6 years) (p = .0062). However, there was no significant dif-

erence in median OS for patients with recurrent disease who under-

ent re-resection (11.6 years, range, 5.7–25.6 years) compared to those

ho did not undergo repeat resection (4.0 years, range, 1.4–16.5 years)

p = .2205). 

Two patients (5.4%), 1 clival and 1 sacral chordoma patient, under-

ent excisional biopsy without resection, followed by RT as the primary

reatment. The patient with sacral chordoma later experienced metas-

asis to the thoracic spine and underwent resection of the metastatic

esion given neurological compromise. The median OS for the nonsur-

ical patients was 7.0 years, compared to a median OS of 9.3 years for

he surgical cohort. 

The median follow-up period for all patients was 1731 days (range,

3–9319 days). As of November 2023, 17 patients had died among the

verall cohort. Causes of death included cardiac arrest, sepsis, and can-

er related complications. 

iscussion 

Chordomas are rare bone tumors that arise from the remnants of the

mbryonic notochord and account for approximately 1% to 4% of all pri-

ary bone tumors, 17% of primary bone tumors of the spine, and 0.2%

f tumors of the skull base [ 2 , 18–20 ]. They have an annual incidence of

.08 per 100,000 population in the US and are more common in males

nd Caucasians in the 5th or 6th decade of life [ 21 ]. In our cohort, male

atients accounted for 59.5% and the mean age (SD) at diagnosis was

6.0 ± 20.8 years. Although rare, chordomas can occur in young pa-

ients [ 20 ]. Our cohort included 2 pediatric patients –a 7-year-old male

nd a 17-year-old female patient. 

Epidemiologically, the most common sites of occurrence of chor-

omas include the sacrum (29%–50%), clivus (32%–40%) and mobile

pine (10%–20%) [ 2 , 8 , 10 , 22 ]. In contrast, in our cohort, clival chordo-

as accounted for 56.8% of the total patients, followed by chordomas

f the mobile spine (27%), and the sacrum (10.8%). Chordomas of the

acrococcygeal region tend to occur in older patients compared to tu-

ors in other locations (peak age ∼60 years) and clival chordomas tend

o occur slightly more frequently in females [ 2 , 21 ]. This was similarly

bserved in our series, with the mean age (SD) of sacral chordoma pa-

ients (61.8 ± 10.3 years) over a decade older than the clival (42.8 ± 21.4

ears) and vertebral chordoma patient population (46.3 ± 21 years) and

emales accounting for most of the clival chordoma subgroup (52.6%). 

istologic appearance and molecular features 

The histology of chordomas was erroneously first described by Vir-

how in the 1800 ′ s as “ecchondrosis physalifora spheno-occipitali ”,

haracterizing the vacuolated cells that are typically seen in chordomas

s originating from cartilaginous tissue [ 23 ]. Microscopically, these tu-

ors are composed of cells with abundant eosinophilic cytoplasm and

ntracytoplasmic vacuoles embedded in a chondroid or myxoid stroma

 19 ]. This histology, however, is not pathognomonic and can be present

n other primary bone tumors such as osteosarcomas, chondrosarcomas,

wing sarcomas, and clival metastasis [ 24 ]. 

There are 4 distinct histologic subtypes of chordoma, including con-

entional chordoma, chondroid chordoma, dedifferentiated chordoma

nd SMARCB1 (IN1) deficient poorly differentiated chordoma ( Fig. 4 )

 25 , 32 ]. Microscopically, conventional and chondroid chordomas are

esistant to radiation treatment and show a low-grade histopathology

haracterized by cords of tumor cells arranged into discrete lobules, sep-

rated by fibrous septa and embedded in a myxoid matrix [ 26–29 ]. In

ontrast, dedifferentiated and poorly differentiated chordomas show a
7

ore solid pattern of epithelioid to rhabdoid tumor cells arranged in a

ess prominent chondroid or myxoid matrix and have a more aggressive

linical course from time of diagnosis [ 19 , 30 , 31 ] ( Fig. 4 ). 

The histology of chordomas may also vary based on their location of

rigin, as noted by Che et al. Clival chordomas are characterized by dif-

use growth patterns in an abundant chondroid matrix whereas spinal

nd sacral chordomas typically have a lobulating pattern in a nonchon-

roid, myxoid matrix [ 33 ]. On gross pathology, chordomas may appear

n radiologic imaging as a gelatinous, lobulated mass with regions of

ecrosis and hemorrhage along with nodes of calcifications and bone

ragments [ 34 ] ( Fig. 3 ). 

On immunohistochemical staining, these tumors express nuclear

rachyury, cytokeratins, S100, and epithelial membrane antigen (EMA)

 19 ]. The combined expression of cytokeratin and brachyury is a rel-

tively specific method to differentiate chordoma from other primary

one malignancies, and was the primary method used to confirm diag-

osis of chordoma for all 37 patients in our series. Elevated levels of

rachyury, a transcription factor involved in notochord development,

ave been linked to familial cases of chordomas and is currently being

sed as a potential site of targeted therapy for chordomas [ 31 , 35 , 36 , 37 ].

adiological features 

Radiological diagnosis of chordomas is often challenging as these

umors show overlapping imaging features with various spinal tumors

nd biopsy is often required for confirmation of tissue diagnosis [ 24 ].

ypically, chordomas present as midline, locally aggressive osteolytic le-

ions with associated soft-tissue masses on radiographs, given their no-

ochordal origin [ 24 ]. Further evaluation with computed tomography

CT) typically shows well-circumscribed osteolytic bony changes with

are marginal sclerosis and associated regions of irregular calcification,

hought to represent sequestered normal bone [ 24 , 38 , 39 ]. CT imaging,

lthough necessary, must be supplemented with MRI to evaluate nearby

ritical neural elements and adjacent viscera. T1-weighted MRI often

isplays low to moderate signal intensity with rare small foci of hyper-

ntensity due to intratumoral hemorrhage and/or increased proteina-

eous contents, while T2-weighted MRI shows marked hyperintensity

ue to the presence of vacuolated cellular components which contain

igh fluid contents [ 21 , 24 , 38–41 ] ( Fig. 3 ). On gadolinium-enhanced T1-

eighted MRI, these tumors show a heterogenous enhancement with a

oneycomb appearance and there is an inverse correlation between MRI

ontrast-enhancement intensity and prognosis [ 41 , 42 ]. 

As chordomas are often found at the midline and are locally highly

ggressive, these tumors may encase or invade adjacent critical neu-

ovascular structures, which indicates further workup with CT and MR

ngiograms [ 24 ]. Functional imaging workup with bone scan or positron

mission tomography (PET) is often limited to chordoma patients with

etastatic disease. 

In our cohort, radiological diagnosis of chordoma was accurately

ade preoperatively in 18 patients (48.6%). Other differential diagno-

is considered include meningioma (2 patients), primary bone tumor (2

atients), metastases (1 patient), paraganglioma (1 patient), and a range

f nonspecific diagnoses ( Table 1 ). 

linical presentation 

The presentation of chordomas is highly variable depending on the

ocation of the tumor. Clival or skull base chordomas often present as

xtradural mass lesions with bony erosion and can reach sizeable di-

ensions prior to symptom onset [ 39 ]. When symptomatic, tumors in

his region often present with cranial nerve palsies (typically CN VI),

eadaches, and brainstem dysfunction with truncal ataxia and bulbar

alsy [ 26 , 39 ]. In our cohort of clival chordoma patients, cranial nerve

alsy (71.4%) was the leading presentation followed by symptoms of

eadache (10%) ( Table 1 ). Similarly, spinal and sacral chordomas of-

en present with symptoms attributable to compression of neural ele-
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Fig. 4. (A) H&E, 200x magnification: Conventional chordoma with nests and cords of tumor cells embedded within a myxoid matrix. A subset of cells have vacuolated, 

bubbly cytoplasm (physaliphorous cells). (B) Brachyury immunohistochemical stain, 200x: The neoplastic cells show nuclear expression of brachyury. (C) H&E, 100x 

magnification: Chondroid subtype of chordoma containing abundant extracellular matrix resembling hyaline cartilage. (D) Pankeratin immunohistochemical stain, 

200x magnification: Chondroid chordoma with neoplastic cells embedded in extracellular matrix resembling hyaline cartilage expressing pankeratin, which would 

typically be negative in cartilage. (E) H&E, 200x magnification: Poorly differentiated chordoma composed of tumor cells with a more epithelioid to rhabdoid 

appearance within a variably myxoid background. (F) INI1 immunohistochemical stain, 200x: Poorly differentiated chordoma with loss of nuclear expression of INI1 

within tumor cells and preservation of nuclear expression within internal control (endothelial cells of vessels). 

Fig. 5. Kaplan Meier survival curves. Overall survival (A) in patients with a diagnosis of skull base and spinal chordomas. Overall survival as stratified by the 

following: age (B), anatomical site (C), vertebral column section (D), Post operative Frankel grade (E), adjuvant RT in the GTR setting (F), adjuvant RT in the STR 

setting (G). Abbreviations: gross total resection (GTR); radiotherapy (RT); subtotal resection (STR). 

8
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ents and/or spinal instability [ 38 , 43 ]. The most common presenta-

ions include mechanical pain, neurological deficit, bladder/bowel dys-

unction, radiculopathy, and a palpable mass, which were also reflected

n our cohort ( Table 1 ) [ 38 , 43 ]. Given the typical indolent growth pat-

ern of sacral chordomas, these patients present with relatively larger tu-

ors and a longer interval from symptom onset to clinical presentation

 Fig. 3 ) [ 10 , 43 ]. Similarly in our cohort, the mean time to presentation

or sacral chordomas (11.3 months ± 16.8 months) was slightly longer

han the time to presentation of clival and vertebral tumor locations (9.7

onths ± 14.3 months and 9.9 months ± 11.6 months, respectively). 

anagement and long-term outcomes 

The gold-standard treatment for chordomas is an en bloc gross to-

al resection of tumor tissue with circumferential tumor free margin

 44–47 ]. However, given the notochordal origins of these tumors,

redilection to the axial skeleton, and proximity to critical neurovas-

ular structures, en bloc resection with tumor free margins is difficult to

chieve. Often, this results in intralesional curettage and subtotal resec-

ion of tumor tissue or gross total resection without tumor free margins,

esulting in patients being predisposed to an increased risk of local re-

urrence, leading to a decrease in progression free survival and overall

urvival rates [ 1 , 7 , 8 , 26 , 48 , 49 ]. It has been shown in prior studies that

ocal recurrence is the most important prognostic factor in progression

ree survival in patients with chordomas [ 7 , 49 , 50 ]. 

In epidemiological studies dating back 30 years, the mean overall

urvival for patients with chordoma was reported to be around 6.29

ears, with 67.6% surviving at 5 years, 39.9% at 10 years and 13.1% at

0 years [ 3 ]. More recently, with more aggressive surgery and adjuvant

reatments, 10-year overall survival rates of 95% (skull base chordo-

as) and 58–100% (sacral and spinal chordomas) have been reported

 51–53 ]. Comparably in our series, the median OS for all patients was

6.5 years (range, 0.07–34.6 years) with a 5-year survival rate of 86.2%

nd a 10-year survival rate of 62.96%. When stratified by tumor lo-

ation, there was a significant difference in median OS between clival

23.8 years, range, 0.07–34.6 years), vertebral (9.3 years, range, 0.3–

5.1 years), and sacral (6.5 years, range, 0.3–7.4 years) tumor locations

p = .0424). The improved OS of clival chordoma patients as compared

o spinal and sacral tumor location has been previously reported in other

eries [ 54 , 55 ]. There was no significant correlation between tumor lo-

ation, age, sex, EOR, post op neurological status and adjuvant RT treat-

ent. Given that EOR is the most important predictor of OS, the differ-

nce in median OS seen based on tumor locations may be due to dif-

erences in tumor biology and inherent aggressiveness in tumors arising

rom different locations [ 21 ]. Other factors noted to significantly affect

edian OS in our series included: older age ( ≥ 65) (5.7 years) compared

o patients < 65 (23.8 years) (p = .001) and lower postoperative Frankel

rade (postoperative Frankel grade D or less [10.5 years] compared to

atients with postoperative Frankel grade E [25.6 years]) (p = .0062). 

Postoperatively, all patients maintained or had an improvement in

heir preoperative neurological function as quantified by Frankel grade

nd the median postoperative KPS (90) trended higher when compared

o preop (80) (p = .0911). More importantly, a higher postoperative

rankel grade was associated with increased OS (p = .0062), suggesting

hat improvements in neurological status are associated with improved

atient survival. 

linical outcomes by extent of resection and re-resection 

The importance of achieving wide margins in chordoma resection

as been corroborated in previous studies [ 45–47 ]. A recent meta-

nalysis by Yu et al. showed significantly lower recurrence and mortality

ates in patients with sacral chordomas undergoing wide margin exci-

ion as compared to those with subtotal debulking [ 51 ]. This strong cor-

elation between EOR and OS has also been reported in spinal and clival

hordoma patients [ 22 , 39 , 51 ]. Similarly in our cohort, median OS for
9

TR patients was significantly higher when compared to patients that

nderwent STR and adjuvant RT (p = .0421). Though there was no cor-

elation between EOR and tumor location in our series, EOR was noted

o have a higher impact on OS in patients with spinal tumor locations

hen compared to clival and sacral tumors, highlighting the importance

f a more aggressive surgical approach with tumors in this location. This

ould be accounted for by the presence of critical neurovascular struc-

ures in close proximity to the tumor bed, likely limiting the maximal

ose of RT that can be safely delivered, though it’s difficult to make

efinite conclusions given the small sample size in each cohort. Con-

roversially, Dennis et al. recently reported that en bloc resection may

ot be necessary if intralesional debulking and separation surgery was

ollowed by stereotactic body RT [ 14 ]. It’s important to note however

hat this is a single institutional study and long-term follow-up with a

ulti-institutional cohort is needed prior to validation of this data. 

Similarly, EOR has also been shown to correlate with PFS, irrespec-

ive of tumor location [ 22 , 39 , 51 ]. This was replicated in our cohort,

here there was either a trend towards significance or significance in

he increased risk of tumor progression/recurrence in patients that un-

erwent STR when compared to patients that underwent GTR for clival

nd spinal tumor locations (p = 0.0886, 0.0001 respectively). 

Thirteen surgically managed patients (37.14%) required re-resection

ue to local tumor recurrence with the highest recurrence rate among

pinal chordoma patients (41.7%). In patients that underwent repeat

umor debulking/resection, there was an improvement/trend of an im-

rovement in median OS when compared to patients that underwent

onsurgical treatment with adjuvant RT only (clival: 23.8 years vs 16.5

ears [p = .2614], spinal: 8.0 years vs 4.0 years [p = .062]). This finding

as also previously corroborated by Goumenos et al. and Noya et al. in

heir review of patients with clival and sacral chordomas, respectively

 38 , 39 ]. 

linical outcomes by modality of radiation therapy 

Traditionally, chordomas were considered a radioresistant tumor

ith older studies reporting poor results when conventional RT was

sed as adjuvant treatment in the setting of subtotal tumor resection

r debulking [ 56–58 ]. More recently, however, with the advent of RT

echniques, several clinical studies have shown significant improve-

ent in disease-free survival when adjuvant RT was used following

TR [ 44 , 59 , 60 ]. Modern advances in RT techniques such as intensity-

odulated radiotherapy (IMRT), PBRT, carbon ion radiotherapy (CIRT)

nd stereotactic radiotherapy (SRT) allow for an extremely precise de-

ivery of high dose of radiation to the post-surgical tumor bed, result-

ng in a much-improved local tumor control rates and overall survival

 52 , 54 , 55 , 61 ]. 

In our series, twenty-two patients (62.9%) received adjuvant radio-

herapy treatment following initial resection. Similar to prior series,

he median OS was significantly lower in patients that underwent STR

nly when compared to patients that underwent STR and adjuvant RT

p = .0206). However, there was no significant difference in median OS

f patients that underwent GTR only when compared to patients that

nderwent GTR and adjuvant RT (p = .1396). This was recently corrob-

rated by Yolcu et al. in a review of the National Cancer Database, which

howed adjuvant RT had no additional benefit in OS in patients when

TR of the tumor was achieved [ 17 ]. Similarly, Julian et al. systematic

eview of the literature revealed no additional benefit for adjuvant RT in

he setting of GTR of clival chordomas [ 16 ]. However, a single institu-

ional series by Olabisi et al. showed some improvement in OS with the

se of RT in the setting of GTR of skull base chordomas [ 15 , 16 ]. Given

he heterogeneous findings in the literature and the non-negligible risks

ssociated with RT, the risk-benefit ratio in individual patients needs to

e considered prior to tailoring of adjuvant treatment decisions, espe-

ially in the setting of GTR of tumor tissue. 

Among patients that received RT, standard XRT was used in 2 pa-

ients, HD-FSRT was used in 16 patients and PBT was used in 4 pa-
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ients. Similar to prior reports, there was a trend toward improved

edian OS in patients that underwent STR and received adjuvant RT

ith proton beam, followed by standard XRT and HD-FSRT (p = .0901)

 52 , 54 , 55 , 61 ]. Moreover, in line with prior literature, the median OS

as not significantly different between RT modalities in patients that

nderwent GTR (p = .179). 

Interestingly, a recent prospective phase II study showed significant

mprovement in recurrence-free survival when spinal chordoma patients

eceived preoperative and postoperative PBT as compared to only post-

perative RT treatment [ 62 ]. This was also previously reported by Ro-

ondo et al. and is likely accounted for by the decreased seeding of vi-

ble tumor tissue focally and along the resection tract that occurs with

reoperative RT [ 63 ]. These encouraging results show that the timing

f RT may have an important role in reducing recurrence rates. More

esearch is needed into whether preoperative RT (in addition to postop-

rative RT) is beneficial in preventing long-term recurrence of this rare

umor. 

imitations 

This institutional review was a retrospective study that included a

imited number of patients from a single center. Given the rarity of the

athology and expected single institutional limited number of patients,

e reviewed the literature extensively to further strengthen our recom-

endations, however, the small sample size may limit the accuracy of

omparative conclusions. The change over time in surgical and radia-

ion oncological techniques and procedures may additionally introduce

ias to the treatment comparisons in our study, as it spans 40 years. The

etrospective and nonrandomized nature of this work also decreases its

evel of evidence. 

onclusion 

Our results further reaffirm the role of targeting GTR in surgical man-

gement of chordoma patients, as this has the best long-term overall sur-

ival and outcome. Consistent with the literature, patients with sacral

hordoma had the lowest OS, followed by vertebral and clival chor-

oma patients. Interestingly, postoperative neurological function was

hown to impact median OS with patients with postoperative Frankel

rade E experiencing significantly better survival rates over patients

ith Frankel grade D or less. This further validates the importance of

aximal but safe resection of tumor, while ensuring no new onset of

eurological deficit ensues. While the role of adjuvant RT in improv-

ng median OS of patients with STR was unequivocal, further studies

re warranted before recommending postoperative RT treatment in the

TR setting. Furthermore, proton beam-based RT modality was noted

o have the best tumor control rates with markedly improved OS rates

hen compared to HD-SRT and standard XRT, though the role of pre-

perative PBT remains to be clearly elucidated. 
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