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Introduction

Chordomas (WHO Grade I) are rare tumors 
which account for 0.1–0.2% of all primary intracra-
nial tumors [1]. They are described as slow growing 
and locally aggressive tumors with high tendency to 
local relapse and low incidence of distant metasta-
ses [1–3]. Only 25 to 40% of them are located at the 
base of the skull in the proximity of the clivus, while 
over half of them (50–60%) appear in the sacrum 
and the rest in the upper part of the cervical spine 
(15%) [1–6]. Most of the patients are diagnosed at 
age of 40 to 50 with slight predominance in men 

[1, 2]. The proximity of critical organs. such as the 
brain stem, optic chiasm or large intracranial ves-
sels combined with a high rate of local recurrence, 
makes the treatment of patients with chordoma 
very difficult [2, 4, 6–8]. 

Due to rarity of chordomas, there are no phase 
III randomized clinical trials and only a few phase 
II trials. Currently, approved therapeutic manage-
ment of patients with chordomas is based on the 
experience presented in retrospective reports. In 
most centers, surgery is the standard of the pri-
mary and recurrence treatment [3, 5, 6]. Radical 
(R0) surgery is usually very difficult technically and 
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background: The aim of the study was to assess the results of stereotactic radiosurgery and hypofractionated stereotactic 

radiotherapy (srs/srT) for skull base chordomas.

Materials and methods: Twenty-three patients aged 12–75 were treated with srs/srT due to skull base chordoma. In 19 

patients srs/srT was a part of the primary therapy, while in 4, a part of the treatment of recurrence. In 4 patients srs/srT 

was used as a boost after conventional radiotherapy and in 19 cases it was the only irradiation method applied. patients were 

irradiated to total dose of 6–35 Gy and median total equivalent dose of 52 Gy. 

results: During median follow-up of 39 months, 4 patients died. One-, two- and five-year Os was 95%, 89% and 69%, respec-

tively. In nine patients, progression of the disease was diagnosed during study period. One-, two- and five-year progression 

free survival (pFs) from the end of radiotherapy was 81%, 59% and 43%, respectively. radiotherapy was well tolerated and 

only two patients in our group experienced moderate treatment-related toxicity. 

conclusion: srs/srT alone or in combination with surgery is a safe and effective method of irradiation of patients with skull 

base chordomas. high eQD2 is necessary to achieve satisfactory treatment results.  
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until recent years was associated with significant 
mortality. The development of endoscopic surgery, 
neuronavigation and neuroimaging have contrib-
uted to improve the treatment results in this area 
[2, 3, 5, 6].

Radiotherapy (RT) is used after primary surgical 
treatment as a part of the recurrence therapy and 
is also the treatment of choice in cases considered 
to be unresectable [2, 5, 7–9]. Apart from the stan-
dard radiotherapy techniques, there is an increas-
ing number of patients who received stereotactic 
radiosurgery (SRS), hypofractionated stereotactic 
radiotherapy (SRT) or proton therapy [2, 4, 5, 7–9]. 
These techniques allow high and homogenic radia-
tion dose to be delivered to target volume (tumor 
or tumor bed) with relatively low doses to nearby 
organs [8, 9]. 

The aim of the study was to assess the outcome 
of patients who received stereotactic radiosurgery 
or hypofractionated stereotactic radiotherapy due 
to skull or cervical spine chordomas. 

Materials and methods 

All patients who received radiotherapy between 
years 2001 and 2017 due to chordoma were iden-
tified. Among them, 23 consecutive patients (12 
males, 11 females) aged 12–75 years (median 53 
years) had chordoma located in the skull or cervi-
cal spine and were enrolled into the study. All of 
them received stereotactic radiosurgery (SRS) or  
hypofractionated stereotactic radiotherapy (SRT). 
Irradiation techniques included: 3D CRT (2-12 
treatment fields) in 6 patients, intensity modulated 
radiation therapy (IMRT, 6–10 treatment fields) in 
8 patients and volumetric modulated arc therapy 
(VMAT) with two arcs in one patient. Eight pa-
tients were irradiated with the CyberKnife system. 
Data concerning treatment results and irradiation 
details was collected retrospectively from medical 
records and treatment plans. 

All patients had a good performance status (39% 
ECOG 0, 61% ECOG 1). The symptoms occurred in 
all patients 1 to 24 months before diagnosis (mean 
7). The most common were: headaches (52%), vi-
sual disturbances (43%) and symptoms caused by 
damage or pressure of cranial nerves (61%).The 
diagnosis of chordoma was based in 21 cases (91%) 
on histopathological examination of the tumor tis-
sue samples obtained during surgery. In the other 

two patients (patients who refused to have surgery) 
the diagnosis was based on a characteristic radio-
logical image of the tumor. 

The majority of patients had tumor located in 
the skull (83%). The others had infiltration of the 
cervical spine (on the level of C2–C4). In 8 patients 
the tumor was located in direct proximity of the 
cerebral vessels. Most of the chordomas infiltrated 
the sphenoid bone (69%), part of them, the tempo-
ral bone (22%), occipital bone (17%) and in 1 case 
the infiltration of the dura mater was described. 
In majority of the patients tumor compressed the 
neighboring structures — in 8 patients, the brain 
stem, in 6, the pituitary gland and in 3, the optic 
chiasm. Median dimensions of chordoma assessed 
on radiological preoperative imaging were 34 × 26 
x 30 mm (range: 8–66). Median preoperative tumor 
volume was 30 cc (mean 44; range: 2.5–201 cc). 

In all patients the irradiated volume consisted of 
tumor itself (GTV — gross tumor volume) or/with 
tumor bed (in patients after radical surgery; CTV 
— clinical target volume) with additional margin 
which accounts for intra- and infrafraction motion 
(PTV — planned target volume).

Response to the treatment was evaluated with 
a comparative analysis of diagnostic images (mag-
netic resonance imaging — MRI) taken before and 
after irradiation and classified as: stagnation (stable 
size of the tumor), regression (reduction of the size 
of tumor) or progression (increase in the size of the 
tumor). 

In statistical analysis Kaplan-Meier method was 
used to calculate overall survival (OS) and pro-
gression free survival (PFS). In order to evaluate 
the impact of biological and physical factors on 
OS and PFS, the log rank test was used. Factors 
included into analysis were: sex, date of primary 
diagnosis, primary tumor characteristics and site 
(spine/skull), type of treatment received, indica-
tion for RT (primary treatment, boost, manage-
ment of a recurrence), performance status during 
RT, irradiated volume, age, duration of symptoms, 
radiotherapy technique, time between surgery and 
irradiation, recurrence after primary surgical treat-
ment, total and fraction dose. Follow-up was cal-
culated from the date of the end of SRS/SRT to 
the date of death or last contact. P-value of less 
than 0.05 was considered statistically significant. 
EORTC/ RTOG toxicity criteria were used to assess 
treatment morbidity [10].
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results

Surgery was the primary treatment in nineteen 
patients. The type of resection was evaluated based 
on neurosurgeon assessment during the surgery 
and with diagnostic imaging performed after the 
surgery, but only 22% of patients had radical sur-
gery, and all the others had subtotal resection of 
the tumor. Relapse was observed after surgery in 
4 patients. All of them underwent another surgery 
(three of them twice). Median time between sur-
gery and radiotherapy was 5 months (range: 2–32). 

Stereotactic radiotherapy/radiosurgery was 
a single radiation treatment modality in 19 patients, 
in 4 was used as a boost to conventionally fraction-
ated radiotherapy (fraction dose of 1.8–3.0 Gy and 
total dose ranging between 27 and 60 Gy). Total 
and fraction doses used in patients treatment are 
presented in Table 1.

In 19 patients SRS/SRT was a part of the primary 
therapy (in 15 as an adjuvant treatment after surgery 
and in 4 it was the only treatment method applied). 
In 4 patients SRS/SRT was a part of the treatment 
of recurrence. In 4 patients SRS/SRT was used as 

table 1. Treatment details specified for individual patients

Patient Site Surgery
RT 

technique
Fraction 

dose (Gy)
Total 

dose (Gy)
EQD2 

(α/β = 3)
Treatment results

1 
F, 53y

spine, c4 Non-radical srT 5 30 40.0
recurrence,  

pFs 32 months, alive

2 
F, 61y

spine, c2
radical, 

recurrence
XrT + srs 1.8 + 6 43.2 + 6 52.3

recurrence, metastases,  
pFs 22 months, alive

3  
F, 13y

spine, c3 Non-radical srs 9 9 21.6 recurrence, pFs 12 months, alive

4  
F, 27y

spine, c2
Non-radical, 
recurrence

srT 5 25 40 alive 

5  
M, 54y

skull. sphenoid 
bone

Non-radical srT 8 32 70.4
Free from disease,  

FU 17 months, alive

6 
M, 37y

skull. sphenoid 
bone

radical srs 18 18 75.6
recurrence, pFs 7 months,  

Os 49 months

7  
F, 69y

skull. sphenoid 
bone

Non-radical srT 8 24 52.8
Free from disease, FU 6 months, 

alive

9  
F, 46y

skull. sphenoid 
bone

radical srs 10 10 26 recurrence, pFs 85 months, alive

10  
M, 57y

skull. sphenoid 
bone

– srT 6 24 43.2
Free from disease, FU 42 months, 

alive

11   
F, 63y

skull. sphenoid 
bone

Non-radical srT 6 18 32.4
Free from disease, Os 12 months, 

dead due to breast cancer

12   
M, 64y

skull. sphenoid 
bone

Non-radical srT 8 32 70.4 alive

13   
M, 56y

skull. sphenoid 
bone

- srT 8 16 35.2
progression, metastases,  

pFs 8 months, Os 46 months

14   
M, 56y

skull. sphenoid 
bone

Non-radical srT 7 35 70
Free from disease, FU 39 months, 

alive

15   
F, 48y

skull. sphenoid 
bone

- XrT + srT 3 + 3 27 + 12 46.8 progression, pFs 20 months, alive

16  
M, 23y

skull. sphenoid 
bone

Non-radical srs 14 14 47.6 Free from disease, Os 3 months

17  
F, 65y

skull. sphenoid 
bone

Non-radical XrT + srT 2 + 6 54 + 12 75.6
Free from disease, FU 35 months, 

alive

18  
M, 66y

skull. sphenoid 
bone

– srT 8 32 70.4 progression, pFs 47 months, alive

19  
M, 64y

skull. sphenoid 
bone

radical srT 6 18 32.4
Free from disease, FU 53 months, 

alive
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a boost after conventional radiotherapy (with frac-
tion dose of 1.8–3.0Gy and total dose of 27–60 Gy) 
and in 19 cases it was the only irradiation method 
applied. Patients were irradiated with 1 to 5 fractions 
of 3 to 18 Gy to total dose of 6 to 35 Gy and the total 
equivalent 2 Gy dose (EQD23, calculated assuming 

α/β of 3 for chordoma) after adding dose given with 
conventional irradiation ranged from 21.6 to 86.4 
Gy (median 52 Gy). Median volume of PTV was 17 
cc (mean 55; range: 1.4–463.8 cc). Radiotherapy was 
well tolerated and only two patients in our group 
experienced moderate treatment-related toxicity. In 
both of them diminished hormone secretion by the 
pituitary gland was diagnosed. Both of them re-
quired hormone supplementation and are currently 
under the care of an endocrinologist.

During median follow-up of 39 months (range: 
0–141 months) 4 patients died. One-, two- and 
five-year OS was 95%, 89% and 69%, respectively 
(Fig. 1). Twenty patients had regular visits after the 
treatment (three did not show up for the planned 
visit). None of analyzed factors had a statistically 
significant influence on OS. All patients with chor-
doma located in the cervical spine are alive. 

In nine patients progression of the disease was 
diagnosed during the study period. Four of them 
had a salvage surgery (one of them twice) and three 
of them were irradiated (previously received total 
equivalent dose was 35.2 Gy, 52.3Gy, and 70.4 Gy). 
One of them (the one who received 35.2 Gy) had 
SRS twice, and the doses applied were 7 Gy in one 
fraction (EQD23 = 14 Gy) and 8 Gy in one fraction 
(EQD23 = 17.6 Gy). Total EQD23 delivered in that 
patient was 66.8 Gy. Despite this treatment this 
patient died due to progression of the disease and 

distant metastases. In the case of the second of the 
reirradiated patients (who received 52.3 Gy), con-
ventional radiotherapy was applied for treatment of 
the recurrence, with fraction dose of 2 Gy to total 
dose of 30 Gy (total equivalent 2 Gy dose from two 
RT treatments was 82.3 Gy). After radiotherapy this 
patient underwent another two salvage surgeries 
for recurrence of the tumor and in the recent MRI 
another recurrence and metastases to the mandible 
and cervical part of the spine were diagnosed. He 
refused further treatment and remains under ob-
servation. Beside the two mentioned above, distant 
metastases were found in another patient who was 
referred to symptomatic treatment and died two 
years after the diagnosis of metastases. The third 
of the reirradiated patients received 25 Gy in 5 Gy 
fractions (EQD23 of 40 Gy) and is alive with no 
signs of disease 20 months after the second course 
of radiotherapy. 

table 1. Treatment details specified for individual patients

Patient Site Surgery
RT 

technique
Fraction 

dose (Gy)
Total 

dose (Gy)
EQD2 

(α/β = 3)
Treatment results

20  
M, 45y

skull. sphenoid 
bone

Non-radical XrT + srT 1.8 + 9 45 + 18 86.4
Free from disease, FU 33 months, 

alive

21  
M, 24y

skull. sphenoid 
bone

radical srT 7 28 56
Free from disease, FU 79 months, 

alive

22  
M, 52y

skull. sphenoid 
bone

Non-radical XrT + srT 2 + 6 60 + 12 81.6
Free from disease, FU 110 months, 

alive

23  
F, 23y

skull. sphenoid 
bone

Non-radical, 
recurrence

srT 9 18 43.2
Free from disease, FU 22 months, 

alive

24  
F, 76y

skull. sphenoid 
bone

Non-radical, 
recurrence

srT 8 32 70.4 progression, pFs 12 months, alive

*eQD2 — biological equivalent dose; F-female; FU — follow-up; M- male; Os — overall survival; pFs — progression free survival; rT — radiotherapy;  
srs —stereotactic radiosurgery; srT — stereotactic radiotherapy; XrT — conventional fractionated radiotherapy; y-years
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Figure 1. Overall survival
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One-, two- and five-year progression free sur-
vival (PFS) calculated from the end of radiotherapy 
was 81%, 59% and 43%, respectively (Fig. 2, Tab. 1). 

Discussion

The reported number of patients who received 
adjuvant radiotherapy varies between authors and 
ranges between 21 and 100% [1, 2–5, 7, 9, 11–13, 

26, 39, 40]. Radiotherapy is used not only as adju-
vant therapy after surgery but also as a treatment 
of choice for patients with inoperable tumors [25, 
30, 35, 39, 40]. Five-year overall survival (OS) and 
five-year progression free survival (PFS) of patients 
irradiated with various RT techniques is presented 
in Tables 2 and 3.  

Also in our group in 4 patients who did not 
undergo surgery, irradiation was the only treat-
ment method applied. The doses used in SRS/SRT 
vary in the literature and range from 9 to 68.4 Gy 
(Tab. 2 and 3). The large range of total 2 Gy equiv-
alent doses (and hence, fraction and total doses) 
in our group resulted from a retrospective nature 
of the analysis and lack of established protocols of 
treatment of patients with chordomas. The treat-
ment was individualized taking into account the 
volume of the tumor, its localization and prior 
use of radiation. Despite this, we did not observe 
a clear correlation between the dose delivered and 
treatment effect (the difference was statistically 
insignificant). Some researchers found correlation 
between the applied total dose and OS and local 
control — Koga et al. reported a statistically sig-
nificant difference between patients treated with 
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Cu
m

ul
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e 
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Figure 2. progression free survival

table 2. Five-year overall survival and five-year progression free survival according to applied radiotherapy technique

Study
Number  

of patients 
Radiotherapy 5-year OS

5-year 
PFS

Mean follow-up 
[months]

Ito et al. 
(2010)

15 13% — XrT; GK at recurrence only 100% 48% 82

Takahashi et al. 
(2009)

32
100% — all with residual tumor; 

carbon ions: 9/32; XrT: 7/32; pBrT: 5/32
92% 29% 36

schultz-ertner et al. 
(2007)

96
100% — carbon ions for patients  

with postoperative residual tumor
88% 70% 31

Yoneoka et al. 
(2008)

13
100% — XrT (10/13), GK (3/13);  

adjuvant rT in all patients (primary XrT) 
82% 69% 122

Debus et al. 
(2000)

37 fXrT for residual tumor 82% 50% 27

Tzortzidis et al. 
(2006)

74
71.6% — pBrT (38%), GK (43%), XrT (19%);  

rT withheld for gross-total resections
82% 

(last control)
41% 96

Noël et al. 
(2005)

100 70% — combination of XrT and pBrT  80%
54%  

(4 years)
31

cho et al. 
(2008)

16
63% XrT, standard adjuvant XrT;  

GK for residual tumor or recurrence
80% 40% 56

hug et al. 
(1999)

33 100% — pBrT; primary for residual tumor 79% 59% 33

pamir et al. 
(2004)

26
27% — GK; for residual tumor < 30 cm3; 

rT withheld for gross-total resections
77% 46% 49

almefty et al.  
(2007)

89 75% pBrT 75% 51% 48
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table 3. Five-year overall survival and five-year progression free survival according to applied stereotactic radiosurgery 
technique

Study
Number  

of patients
SRS/ SRT/ RT 5-year OS

5-year 
PFS

Follow-up 
[months]

Complications

Muthukumar et al. 
(1998)

15 (9 ch)
GK, dose: 12–20 Gy  

(median 18) in 1 fraction
N/a 66% 48 (mean) None 

chang et al. 
(2001)  

10
5 cK, 5 XrT, dose: 18–24 Gy 

(mean 19.4) in 1 fraction
4-year: 
100%

4-year: 
80%

48 (mean) No radionecrosis

Gwak et al.  
(2005) 

9  
(7 ch)

cK, dose: 21–43.6 Gy  
(median 35) in 3–5 fraction

2-year: 
100%

2-year: 
86%

24 (median)
2 rT induced 
myelopathy

Krishnan et al. 
(2005)  

29  
(25 ch)

GK, dose 10–20 Gy  
(median 15) in 1 fraction

~90% 32% 58 (median)
34% rT induced  
complications

Martin et al. 
(2007)  

28  
(18 ch)

GK, dose: 10.5–25 Gy  
(median 16) in 1 fraction

63 ± 10% 63 ± 10% N/a No radionecrosis

hasegawa et al. 
(2007)  

37 
 (30 ch)

GK, dose: 9–20 Gy  
(median 14) in 1 fraction

80% 76%
10-year 

follow-up 
No radionecrosis

Liu et al. 
(2008)  

31
GK, dose: 10–16 Gy  

(mean 12.7) in 1 fraction
76% 21% 30 (mean)

No serious rT 
complications

Dassoulas et al. 
(2009) 

15
GK, dose: 12–20 Gy  

(median 15.3) in 1 fraction 
N/a 50% 88 (median) –

henderson et al. 
(2009)  

18
cK, dose: 24–40 Gy  

(median 35) in 5 fractions
74% (Dss: 

89%)
59% 46 (median) No grade 3 or 4 toxicity

Koga et al. 
(2010) 

14  
(10 ch)

GK, dose: 10–20 Gy  
(median 15) in 1 fraction

N/a 43% 65 (mean) 14% diplopia

Kano et al. 
(2011) 

71
GK, dose: 9–25 Gy  

(median 15) in 1 fraction
80% 66% 60 (median)

9% rT induced toxicity 

(4% grade 3)

Jiang et al. 
(2012) 

20
cK, dose: 18–50 Gy  

(mean 32.5) in 1–5 fractions
53% 55% 34 (median) 5% rT induced toxicity

Bugoci et al. 
(2013)  

12
XrT, dose: 48.6–68.4 Gy  

(median 66.6) in 27–38 fractions
76% 38% 42 (median) -

table 2. Five-year overall survival and five-year progression free survival according to applied radiotherapy technique

Study
Number  

of patients 
Radiotherapy 5-year OS

5-year 
PFS

Mean follow-up 
[months]

sen et al. 
(2010)

71
42% — pBrT primary, rT only for postoperative  

residual tumor 
75% 64% 66

Igaki et al. 
(2004)

13 100% — pBrT, only for postoperative residual tumor 67% 42% 69

sami et al. 
(2007)

49 39% — XrT 65% 15% 63

Tamaki et al. 
(2001)

17
76%; XrT for residual tumor, including neartotal 

resection (no rT for gross resection)
64% 51% 59

Foweraker et al. 
(2007)

9 100% — XrT for all patients 63% 80% 38

pallini et al. 
(2003)

22 58% — rT, pBrT; for residual tumor only 61% 50% 63

stüer et al. 
(2006)

11
100% — all postoperative rT: pBrT: 2/11;  

carbon: 4/11; pBrT/carbon: 1/11; GK: 1/11; XrT: 1/11 
N/a 51% 36

GK — Gamma Knife radiosurgery; N/a — data non available; Os — overall survival; pBrT — proton radiotherapy; pFs — progression free survival;  
rT — radiotherapy; XrT —conventional fractionated radiotherapy
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Gamma Knife with higher and lower doses (18 Gy 
vs. 12 Gy) [36]. 

Radiotherapy was well tolerated and only two 
patients in our group experienced moderate treat-
ment-related toxicity. 

The limitations of our study are similar to those 
in other studies on rare tumors — a retrospective 
study on a small group covering a long time period, 
with different treatment doses and indications for 
irradiation. Nevertheless, due to the rarity of this 
tumor, studies like ours are the only way to collect 
the experience in this topic. 

conclusion

Our results support the conclusion that radiosur-
gery or hypofractionated stereotactic radiotherapy 
alone or in combination with surgery is a safe and 
effective method of irradiation of patients with 
skull base chordomas in any setting of its natural 
history which is also supported with literature data. 
Further studies should be performed with compa-
rable techniques, total doses and fractionations, in 
a homogeneous series of patients, to obtain useful 
information on the role of modern radiotherapy in 
the treatment of chordoma. 
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