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Aim: The aim of this study was to confirm whether patients with sacral chordoma benefit

from  adjuvant radiotherapy and to determine the optimal photon radiotherapy module for

comprehensive treatment.

Background: Chordoma is a rare slow-growing neoplasm arisen from cellular remnants of the

notochord. About 50% occur in the sacrococcygeal region. Surgical resection and adjuvant

radiation therapy are recommended treatment due to the improving local control rate.

Materials and methods: 118 patients treated by surgery and adjuvant radiotherapy from August

2003  to May 2015 were retrospectively analyzed. All patients received surgical resection

after diagnosis. Among these patients, 44 were treated by exclusive surgery, and 48 were

treated with adjuvant image-guided, intensity-modulated radiation therapy (IG-IMRT). In

addition, 26 patients were treated with gamma knife surgery (GKS) after surgical resection.

The  median follow-up was 54 months for all patients. Kaplan–Meier analysis was used to

calculate recurrence-free survival (RFS) overall survival (OS).

Results: Patients treated with adjuvant radiotherapy had better RFS (p = 0.014) than those

treated exclusively by surgery. The patients in the IG-IMRT group exhibited better

recurrence-free survival (p = 0.01) than the GKS group. Moreover, in the IG-IMRT group,

patients treated by higher dose were associated with better RFS (p = 0.04). No significant

difference in OS was found. No grade 3 late toxicity was found.

Conclusions: We  confirmed that adjuvant radiotherapy improved RFS but not OS in sacral
chordoma patients after surgery. Furthermore, favorable RFS and low adverse event rates
were observed following I

priate module of adjuvan
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G-IMRT. Our results suggest that high dose IG-IMRT is an appro-

t radiotherapy for sacral chordoma patients.
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.  Introduction

hordoma is a rare low-grade malignant bone neoplasm that
riginates from the notochordal remnants and accounts for
–4% of all malignant bone neoplasms. In addition, 40–50% of
hordomas are located in the sacrococcygeal region.1 {Jo, 2014,

HO  classification of soft tissue tumors: an update based on
he 2013 (4th) edition}. The standard of care for treatment
f sacral chordoma is surgical resection.2 However, extended
esection with negative margins is difficult to achieve because
f the adjacent anatomical structures. Additionally, various
omplications are often noted, including wound infection,
ascular injury, massive bleeding, damage to the intestine, and
eurologic deficits.3

The local recurrence rate is approximately 40–65% in
rimary chordomas treated with surgery alone.4 Hence, post-
perative adjuvant radiotherapy is important to optimize
he treatment outcome.5,6 Recent studies demonstrated that
igh-dose radiation therapy using protons and heavy ions per-

ormed as adjunct radiotherapy on sacral chordoma patients
xhibits a promising outcome given the depth-dose charac-
eristics that are able to achieve significant dose reductions
n organs at risk and increased doses to the target volume.7,8

nfortunately, due to the limited resources for proton and
eavy ion techniques in China,9 these procedures are not read-

ly available for most sacral chordoma patients. Therefore,
he exploration of more  suitable photon therapy technology
or chordomas is particularly important. Intensity modulated
adiotherapy (IMRT), image-guided radiation therapy (IGRT)
nd gamma knife surgery (GKS) are the main photon ther-
py techniques.9 Previous studies have reported that IMRT
mproves the RFS of sacral chordoma patients as a combined
adiotherapy method,10 whereas the outcome of GKS imple-

ented in sacral chordoma patients has not been reported.
 recent study demonstrated that outcomes after GKS were

avorable for patients with skull base chordomas.11 To date,
t is unknown which of these two widely applicable radiother-
py techniques in China is more  favorable for sacral chordoma
atients after operation.

.  Aim

his report is a retrospective study of surgery and IG-IMRT
r GKS treatment in sacral chordoma patients. We  analyzed
ne hundred and eighteen patients with sacral chordomas to
onfirm whether these patients benefit from adjuvant radio-
herapy and to determine the optimal photon radiotherapy

odule for patients.

.  Materials  and  methods

.1.  Patient  selection

ne hundred and eighteen sacral chordomas patients treated

ith operation were included in our study for retrospective

nalysis. All patients were pathologically diagnosed as non-
etastatic sacral chordomas at two hospitals from Aug. 2003

o May 2015. All participants gave informed consent to the use
iotherapy 2 4 ( 2 0 1 9 ) 74–79 75

of their data for research purpose. The study was approved by
the ethical committees of the participating institutes.

3.2.  Surgery

Among these patients, 44 patients were treated by gross total
resection only, while 48 patients with subsequent adjuvant
Image-Guided, Intensity-Modulated Radiation Therapy (IG-
IMRT), and other 26 patients with subsequent Gamma  Knife
Surgery (GKS) after surgical resection. A total of 182 operations
were performed, including 118 initial operations and 64 repeat
operations. All initial operations were completed within one
month after diagnosis, comprising gross total resection (GTR)
in 62 patients, subtotal resection (STR) in 56 patients (Table 1).

3.3.  Radiation  therapy

3.3.1.  Image-guided,  intensity-modulated  radiation
therapy
Forty-eight patients were treated with postoperative Image-
Guided, Intensity-Modulated Radiation Therapy. Treatment
planning employ 1.5 mm thin-slice computed tomography
(CT) simulation and 1.5T/3.0T magnetic resonance imaging
(MRI) including T1WI fast spin-echo contrast-enhancement
and T2WI fluid attenuated inversion recovery (FLAIR) MR
sequence. CT-MRI fusion was used to guiding define the out-
line of a target area. Isodose treatment plans were made with
Oncentra MasterPlan (Nucletron, Holland), Brainlab iPlan soft-
ware (Westchester,Illinois, United States) and MIM  Maestro
(MIM Software, United States). Cone-beam CT was used for
image  guidance in IGRT. Elekta Synergy IGRT System (United
Kingdom) and VARIAN Clinac-23EX IMRT system (United
States) were used to deliver the radiation plan. All patients
were immobilized using a thermoplastic mask for both CT
simulation and RT procedures. By reference to preoperative
and postoperative CT/MRI imaging data and operation record,
we confirm the primary cancer area and the operation area.
The boost volume (PTV2) was defined as a contrast enhance-
ment region with a safety margin of 5 mm and the clinical
target volume (CTV) as a visible tumor plus a margin for
potential spread/residual tumor cells. In case of the patients
with complete resection, the CTV encompassed the tumor
bed including post-operative changes visible on MRI/CT. The
planning target volume (PTV1) was defined as the CTV with
a margin of 5 mm.  Median total dose to the boost volume
(PTV2) was 71.4 Gy (range, 70–74 Gy) in 2 Gy median per frac-
tion using an integrated boost concept. Median dose to target
volume (PTV1) was 59.4 Gy (range, 56–64 Gy) in 1.8 Gy median
per fraction over 6–7 weeks.

3.4.  Gamma  knife  surgery

Twenty-six patients were treated with postoperative gamma
knife surgery performed using Leksell Gamma  Knife Model
C (Elekta, Stockholm, Sweden). Patients were fixed in Leksell
stereotactic frame, 3.0 T MRI was employed to create a suit-

able fiducial system including T1WI fast spin-echo contrast
enhancement and T2WI FLAIR MR sequence. The stereotactic
frame was applied under local anesthesia, following admin-
istration of oral benzodiazepine. Stereotactic MRI was used

https://doi.org/10.1016/j.rpor.2018.10.007
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Table 1 – Characteristics and outcome of all 118 investigated patients.

Characteristics Total Surgery only Adjvuant radiotherapy

GKS IG-IMRT

No. of patients 118 44 26 48
Gender
Female 58 14 16 28
Male 60 30 15 20
Mean age, y 49.1(17–75) 51(25–73) 47.6(17–69) 49.3(22–75)
Surgery result
GTR 62 44 6 12
STR 56 0 20 36
Median Follow-up, mo(range) 54(24–140) 62(24–111) 44(26–94) 52(24–140)
OS, %(95%CI)
2 y 100 100 100 100
5 y 80.1(70.8–89.4)* 90.9(83.2–99.6) 59.3(34.1–84.5) 87.5(78.9–96.1)
RFS, %(95%CI)
2 y 89.8(85.8–93.8) 72.2(62.5–81.9) 91.7(83.7–98.7) 95.7(91.4–100)
5 y 44.5(36.7.9–52.3) 29.8(18.3–41.3) 18.3(3.0–33.6) 70.9(59.6–82.2)
Recurrences 64 28 14 22

GTR: gross total resection; STR: subtotal resection; OS: over survival; 95% CI: 95% confidence interval; RFS: recurrence-free survival.
for dose planning in all patients; all Gamma  Knife procedures
were performed with Leksell Gamma  Plan

®
(Elekta, Stock-

holm, Sweden). The median target volume was 6.8 cm3 (range
1.5–17.3 cm3). Patients in the GKS group underwent a total of
2 sessions of treatment, the mean prescription dose applied
to the tumor margin was 22.6 Gy, and the mean maximal dose
was 29.3 Gy. The average BED prescription dose applied to the
tumor margin was 61.5 Gy, and the mean maximal BED was
81.5 Gy.

3.5.  Data  collection  and  statistical  analysis

Clinical information and follow-up data were obtained from
the oncology department and telephone interviews of the
patients or family members were conducted, the clinical
follow-up data including the patient’s age, sex, surgical out-
come, radiotherapy techniques, radiation dose, recurrences,
disease-free survival and overall survival. All patients were
followed for at least 2 years or until death. Kaplan–Meier anal-
ysis was utilized to calculate recurrence-free survival (RFS),
overall survival (OS). Survival curves for overall and RFS were
derived by the Kaplan–Meier method (IBM SPSS statistics 21)
and compared using a log-rank test. The relative risk of death
was estimated as a hazard ratio (HR) using Cox regression (IBM
SPSS statistics 21).

4.  Results

4.1.  Patient  characteristics

Overall, the mean age of all 118 patients was 49.1 years (range,
17–75 years). In total, 64 patients presented recurrence, all of

them were local recurrence, 44 patients were within exclu-
sive the surgery group, 26 patients within the GKS group while
other 48 patients in the IG-IMRT group. Details of the patient
characteristics are summarized in Table 1.
4.2.  Survival

The median follow-up period was 54 months (range, 24–140
months) for all investigated patients, 62 months (range, 24–111
months) for the exclusive surgery group, 44 months (range,
26–94 months) and 52 months (range, 24–140 months) for the
GKS group and the IG-IMRT group, respectively. The 2-year
and 5-year RFS rates were 72.2% and 29.8%, respectively, for
patients within the exclusive surgery group. 2-year and 5-
year RFS rates were 91.7% and 18.3%, respectively, for patients
within the GKS group. Moreover, 2-year and 5-year RFS rates
were 95.7% and 70.9%, respectively, for patients within the
IG-IMRT group. Interestingly, patients with sacral chordomas
treated with adjuvant radiotherapy have a better RFS than
those treated by exclusive surgery (p = 0.014) (Fig. 1), but no
difference was found in OS between these two groups. Addi-
tionally, compared to GKS group, patients treated by IG-IMRT
after surgery exhibited a significant higher RFS rates (p = 0.01).
The Kaplan–Meier survival curves representing RFS of the
patients according to their radiotherapy technique are pre-
sented in Figures (Fig. 1).

For patients treated by IG-IMRT as adjuvant radiotherapy,
PTV1 received higher dose (>60 Gy) radiotherapy have a bet-
ter RFS than lower dose (≤60 Gy) (p = 0.04) (Fig. 1). There was
no significant difference was found in OS between these two
subgroups.

Furthermore, the 2-year and 5-year OS rates were 100% and
59.3%, respectively, for patients within the GKS group,; while
2-year and 5-year OS rates were 100% and 87.5%, respectively,
for patients within the IG-IMRT group. However, no significant
difference was found for OS of patients with sacral chordo-
mas  between those treated by GKS and IG-IMRT (p = 0.409).
Interestingly, stratified analysis did not find any significant dif-
ference for either RFS or OS between patients underwent a GTR

or STR followed by adjuvant radiotherapy. Additionally, there
was no significant prognostic factor for RFS by Cox regression
analysis.

https://doi.org/10.1016/j.rpor.2018.10.007
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Fig. 1 – (A) Kaplan–Meier analysis of recurrence-free survival in 118 patients treated with exclusive surgery or adjuvant
radiotherapy, (B) recurrence-free survival in 74 patients treated with Image-guided, Intensity-modulated Radiation Therapy
or gamma  knife surgery for sacral chordoma. (C) Recurrence-free survival in 48 patients received higher dose and lower
dose with Image-guided, Intensity-modulated Radiation Therapy (IG-IMRT).
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.3.  Toxicity  and  side  reaction

adiation treatment toxicities are summarized in Table 2.
here were thirty-eight instances of acute Grade 1 and 2 cuta-
eous and digestive toxicities, thirty cases within the IG-IMRT
roup and other four within the GKS group. Eight early Grade

 toxicities were observed, Six of them were cutaneous and
ne was digestive, all of them within the IG-IMRT group. Two

ate grade 1 cutaneous toxicity cutaneous was reported. No
rade 2 or 3 toxicities were observed. Statistical analysis did
ot show any difference of acute toxicities or late toxicities
etween IG-IMRT group and the GKS group.

.  Discussion

ere, we  retrospectively analyzed 118 consecutive sacral
hordoma patients undergoing adjuvant radiotherapy after
urgery. In total, 44 patients were treated by exclusive surgery,
nd 26 patients underwent GSK for adjuvant radiotherapy.
he remaining 48 patients underwent post-operative IG-IMRT.
e sought to confirm whether patients with sacral chordoma

enefit from adjuvant radiotherapy and to determine the
ptimal photon radiotherapy module after surgery for these
atients.

The standard of care treatment for sacral chordoma is en
loc resection plus adjuvant radiotherapy.12 Surgical margin
xtension was considered to be the most important prognos-
ic factor;13–15 however, sufficient margins are only achieved
n 50% of cases, based on previous studies.14,16 In the present
tudy, GTR and STR were achieved in 52.5% and 47.5% of pri-
ary tumors, respectively, in all investigated patients. Our

esults indicated that patients with sacral chordomas treated
ith adjuvant radiotherapy exhibit better RFS than those

reated exclusively by surgery (p = 0.014). Moreover, no signifi-
ant difference in RFS or OS was found between patients who
nderwent GTR compared with STR with concomitant radio-
herapy. Previous studies reported that the RFS after surgery

or sacral chordomas was approximately 35–50%.14,17,18 Our
ata revealed a similar RFS for patients who had undergone
urgery alone. Eid AS19 and colleagues demonstrated no differ-
nce in RFS between resection with wide excision and subtotal
resection after adjuvant radiotherapy. Additionally, for unre-
sectable sacral chordomas, radiotherapy alone has achieved
a favorable RFS.20 Based on the evidence above, we  strongly
suggest that adjuvant radiotherapy should be considered as
an important part of comprehensive treatment for sacral chor-
doma patients. Moreover, surgical margin extension must be
carefully pursued after comprehensive consideration of adja-
cent vital organs. Our results confirmed that sacral chordoma
patients benefited from adjuvant radiotherapy and suggested
that gross total resection was not a reliable predictor for
patients undergoing surgery followed by adjuvant radiother-
apy.

Furthermore, our data revealed that patients subjected to
IG-IMRT as a postoperative radiotherapy technique exhibited
a significantly increased RFS compared with patients who
underwent GKS. Given the low �/� values2 of chordomas,
GKS was considered an appropriate module for treatment.
However, our findings revealed contradictory results. A recent
study demonstrated a similar RFS for patients with intracra-
nial chordomas who had undergone GKS.11 Zabel-du Bois
et al.21 reported that IMRT photon RT resulted in an RFS of
42% and an OS of 83% with a 4.5-year median follow-up,
which is comparable to our results. Additionally, patients with
skull base chordomas who underwent IG-IMRT had a better
PFS than those who underwent GKS.22 In our study, patients
within the IG-IMRT group received a lower dose of radiother-
apy (median doses to the boost volume were 71.4 Gy and 76 Gy
in our study and their study, respectively). Chordomas are
radioresistant, and a high dose is needed for adjuvant radio-
therapy, which may lead to a better RFS.23 As radiotherapy
techniques have progressed, proton and heavy iron therapy
achieved favorable outcomes for sacral chordoma patients, For
proton and heavy iron, the 5-year local control was 58% and
77.2%, respectively.20,24–26 However, given the limited avail-
ability of radiotherapy in developing countries and areas,9,27

these techniques are not widely used at present. Hence, our
results suggested that high-dose IG-IMRT was the most appro-
priate adjuvant radiotherapy module for sacral chordoma

patients in undeveloped countries and areas.

Moreover, our results demonstrated no significant dif-
ference in OS between patients undergoing IG-IMRT or
GKS as postoperative radiotherapy. All eighteen patients

https://doi.org/10.1016/j.rpor.2018.10.007
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Table 2 – Radiation treatment toxicities.

Acute toxicities(IG-IMRT/GKS) Late toxicities(IG-IMRT/GKS)

Grade 1 Grade 2 Grade 3 Grade 1 Grade 2 Grade 3

Skin 8/2 8/2 6/0 2/0 0/0 0/0
 

 

 

r

1

1

1

1

1

1

1

1

1

1

2

2

2

2

Gastro-intestinal 8/2 6/2 2/0
Urinary 6/2 0/0 0/0
Neurological 2/0 0/0 0/0

with local tumor recurrence received secondary surgery12 or
radiotherapy.6 Although the outcome was better in patients
treated for primary tumors compared with locally recur-
ring sacral chordoma,21,28 both surgery and radiotherapy are
effective methods for prolonging the OS of patients within
recurrence sacral chordoma.29 The follow-up time in our study
may not be sufficiently long to observe a difference. Addition-
ally, only two deaths were observed in each group before the
endpoint of our study. The small sample size may lack power
for statistical analysis.30

In summary, we  report favorable recurrence-free survival
rates and adverse event rates following IG-IMRT and sug-
gest that IG-IMRT is an appropriate module of adjuvant
radiotherapy for sacral chordoma patients. Ultimately, future
prospective clinical trials are needed to confirm the opti-
mal  radiotherapy module for treatment of sacral chordoma
patients.
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