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OBJECTIVE The purpose of this study was to investigate the spectrum of current treatment protocols for managing 
newly diagnosed chordoma of the mobile spine and sacrum.
METHODS A survey on the treatment of spinal chordoma was distributed electronically to members of the AOSpine 
Knowledge Forum Tumor, including neurosurgeons, orthopedic surgeons, and radiation oncologists from North America, 
South America, Europe, Asia, and Australia. Survey participants were pre-identified clinicians from centers with exper-
tise in the treatment of spinal tumors. The suvey responses were analyzed using descriptive statistics.
RESULTS Thirty-nine of 43 (91%) participants completed the survey. Most (80%) indicated that they favor en bloc re-
section without preoperative neoadjuvant radiation therapy (RT) when en bloc resection is feasible with acceptable mor-
bidity. The main area of disagreement was with the role of postoperative RT, where 41% preferred giving RT only if posi-
tive margins were achieved and 38% preferred giving RT irrespective of margin status. When en bloc resection would 
result in significant morbidity, 33% preferred planned intralesional resection followed by RT, and 33% preferred giving 
neoadjuvant RT prior to surgery. In total, 8 treatment protocols were identified: 3 in which en bloc resection is feasible 
with acceptable morbidity and 5 in which en bloc resection would result in significant morbidity.
CONCLUSIONS The results confirm that there is treatment variability across centers worldwide for managing newly 
diagnosed chordoma of the mobile spine and sacrum. This information will be used to design an international prospec-
tive cohort study to determine the most appropriate treatment strategy for patients with spinal chordoma.
https://thejns.org/doi/abs/10.3171/2018.6.SPINE18362
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Current evidence supports en bloc resection with 
wide margins as the best method to achieve dis-
ease-free survival for mobile spine and sacral chor-

domas.1,9 Because of the unique anatomical and functional 
characteristics of the spine, achieving wide or marginal 
margins is often difficult, even in the most experienced 
hands.1,21,26 Moreover, for chordomas located in the up-
per cervical spine and sacrum, the cost of achieving these 
margins from an adverse event and health-related quality-
of-life (HRQOL) perspective is substantial.5,22,24,25

Considering the limited systemic therapy options,23 ad-
junctive radiation therapy (RT) is often utilized to address 
microscopic disease and ultimately improve outcomes, es-
pecially when tumor margins are violated.18,20 In a recent 
systematic review, the highest rates of local control and 
overall survival were achieved with early adjuvant RT.18

The optimal RT regimen remains elusive, and there are 
no data comparing different RT modalities in the treat-
ment of chordomas. Most cited studies come from single-
center experiences, where treatment regimens are based 
on local experience, local protocols, and access to specific 
and costly technologies (i.e., proton, carbon-ion). Each of 
these specialized centers has been able to develop con-
siderable expertise with the specific RT resources they 
have. Because chordomas are rare and highly variable, it 
is unlikely that a single- or several-center research model 
will ever result in definitive answers;8 a large international 
multicenter study is needed.

The primary objective of this study was to describe the 
different treatment strategies currently employed to treat 
chordoma of the mobile spine and sacrum. These results 
were subsequently used to design a prospective cohort 
study combining centers with similar management strata-
gems into distinct cohorts.

Methods
Survey Design

A 24-question survey (see Appendix) was designed by 
2 investigators (N.D. and J.H. Shin). Feedback and pi-
lot testing was conducted by 2 other authors (C.G.F. and 
J.J.R.). The survey was constructed to answer 2 main 
questions: what is your preferred treatment strategy for 
a newly diagnosed chordoma of the mobile spine and sa-
crum in which 1) an en bloc resection is feasible with 
acceptable morbidity or 2) en bloc resection would result 
in significant morbidity (high cervical, high sacral)? The 
meaning of “significant morbidity” differs from surgeon 
to surgeon and from patient to patient and is also based 
on the surgeon’s experience and patient preferences. Ac-
cordingly, this was left to the discretion of the respon-
dent. Four categorical options were provided: 1) neoad-
juvant RT–surgical resection—postoperative RT; 2) en 
bloc resection—postoperative RT irrespective of surgical 
marginal status; 3) planned intralesional resection—post-
operative RT; and 4) en bloc resection—no adjuvant RT 
if wide or marginal margins. Additional questions about 
the RT timing (i.e., neoadjuvant, adjuvant, both), modal-
ity (i.e., photons, protons, carbon-ion), availability, and 
dosage regimens were included. Participants were also 
asked about their willingness to participate in a prospec-

tive cohort study on the topic. Open text fields were pro-
vided for comments.

Participants and Survey Administration
The survey was uploaded in a web-based survey tool 

(SurveyMonkey, https://surveymonkey.com) and distrib-
uted by email in November 2017 to the members of the 
AOSpine Knowledge Forum Tumor. AOSpine Knowledge 
Forum Tumor members are recognized leaders in the field 
of spinal oncology and are committed to the advancement 
of spinal oncology research. A total of 43 spinal surgeons 
(orthopedic surgeons and neurosurgeons) and radiation 
oncologists from various locations who had expertise and 
a known interest in spinal chordoma as well as access to 
different RT technologies were targeted. Specialists from 
North America, South America, Europe, Asia, and Aus-
tralia were included. Two reminders were sent via email 
to surgeons who had been sent the initial survey participa-
tion request but did not respond.

Analysis
The data were collected and were then analyzed using 

descriptive statistics.

Results
Thirty-nine of 43 (91%) oncology specialists, represent-

ing 31 clinics from 12 countries that span 5 continents, 
completed the survey (Table 1). Respondents were pre-
dominately surgeons: 22 (56%) described themselves as 
spine surgeons, 4 (10%) as orthopedic surgeons, and 10 
(26%) as neurosurgeons. Three (8%) radiation oncologists 
also completed the survey. Four specialists did not com-
plete the survey: 2 surgeons, 1 radiation oncologist, and 
1 medical oncologist. Two (5%) respondents treat more 
than 20 chordomas per year, 4 (10%) between 16 and 20, 5 
(13%) between 11 and 15, 12 (31%) between 5 and 10, and 
16 (41%) less than 5 per year.

Question 1: What Is Your Preferred Treatment Strategy for 
a Newly Diagnosed Chordoma of the Spine When En Bloc 
Resection Is Feasible With Acceptable Morbidity?

In this scenario, most respondents preferred an en bloc 
resection without preoperative neoadjuvant RT (79%) 
(Fig. 1). The lack of consensus appeared when deciding on 
the role of postoperative adjuvant RT following en bloc re-
section: 38% preferred giving adjuvant RT to every patient 
irrespective of margin status and 41% preferred giving RT 
only if there was a concern about positive margins. Only 
1 respondent opted for a planned intralesional resection.

Question 2: What Is Your Preferred Treatment Strategy for 
Newly Diagnosed Chordoma of the Spine When En Bloc 
Resection Would Result in Significant Morbidity (Upper 
Cervical, High Sacrectomy)?

Thirty-three percent of respondents preferred a planned 
intralesional resection followed by RT, 33% preferred to 
give neoadjuvant RT prior to surgery, and 23% preferred 
not to give adjuvant RT if wide or marginal margins were 
present after en bloc resection (Fig. 2). The primary dif-
ference between the 2 scenarios was the number of par-
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ticipants not attempting to treat the patient with an en bloc 
resection alone, and instead relying more on adjuvant (and 
neoadjuvant) therapies. In this scenario, more respondents 
preferred preoperative RT prior to surgery (33%) compared 
to the first scenario (18%). One center commented on an op-
tion of definitive RT treatment alone for high-risk patients 
whose condition was deemed either medically inoperable 
or operable with significant morbidity. This treatment op-
tion of RT alone was not included in the questionnaire.

The results of questions 1 and 2 were stratified and 
analyzed based on the caseload of each participant. High 
caseload was defined as treating more than 10 chordomas 
per year (11 respondents) and was referred to as the expe-
rienced group, and low caseload was treating 10 or fewer 
chordomas per year (28 respondents) and was referred to 
as the less-experienced group. Seventy-three percent of 
the experienced group preferred en bloc resection without 
any adjuvant RT if there were no concerns about margins 
when en bloc was feasible compared to only 29% in the 
less-experienced group. None of the experienced group 
respondents opted to give adjuvant RT irrespective of the 
marginal status compared to 54% in the less-experienced 
group. Lastly, 27% and 14% preferred neo-adjuvant RT in 
the experienced and less-experienced groups, respectively. 
The results also differed for when en bloc resection would 
result in significant morbidity (question 2). Thirty-six per-
cent of the experienced group preferred en bloc resection 
without any adjuvant RT if there is no violation of the tu-
mor margin as opposed to 18% in the less-experienced 
group. Intralesional resection followed by postoperative 
RT was preferred by only 27% of the experienced group 
compared to 36% of the less-experienced group.

When specifically asked, 67% of the whole cohort men-
tioned that the extent of surgery (marginal status) affected 
their postoperative treatment strategy without however 
influencing the RT modality chosen for most (67%). All 
radiation oncologists included RT in the treatment plan, 
either pre- and postoperatively (67%) or postoperatively 
only (33%), irrespective of the marginal status.

Among those who usually give preoperative RT, 11% 
waited 0 to 2 weeks prior to surgery, 33% waited 3 to 4 
weeks, 44% waited 5 to 8 weeks, and 11% waited more 
than 8 weeks. Similarly, when giving postoperative RT, 
36% waited 0 to 4 weeks after surgery, 41% waited 5 to 8 
weeks, 10% waited 9 to 12 weeks, and 13% waited more 
than 12 weeks.

Responses related to RT dosing regimens were incom-
plete and noninterpretable and were thus omitted from 
further analysis.

Most respondents restaged their cases after preopera-
tive RT (79%) and after surgery (77%). The most preferred 
local staging modality was MRI (77%), whereas systemic 
staging included CT of the chest, abdomen, and pelvis 
(77%); PET scan (49%); and MRI of the brain (26%).

As for the RT modality, most use a combination that in-
cludes stereotactic body RT (SBRT) (49%), protons (38%), 
photons (36%), and/or carbon-ion therapy (10%). The most 
frequent combination was photons and protons. Lastly, 
74% of respondents have no difficulty accessing proton 
therapy treatment facilities, and only 15% have access to 
carbon-ion therapy.

TABLE 1. Participating centers

Center 
No. Clinic/Hospital City Country

1 Vancouver General Hospital Vancouver, 
BC

Canada

2 Massachusetts General Hospi-
tal (MGH)

Boston, MA USA

3 MD Anderson Cancer Center Houston, TX USA
4 Rhode Island and The Miriam 

Hospitals
Providence, RI USA

5 The Johns Hopkins Hospital Baltimore, MD USA
6 Toronto Western Toronto, ON Canada
7 Sunnybrook Toronto, ON Canada
8 National Center for Spinal 

Disorders
Budapest Hungary

9 IRCCS Galeazzi Orthopaedic 
Institute

Milan Italy

10 Rizzoli Orthopaedic Institute Bologna Italy
11 Oxford University Hospitals Oxford UK
12 Memorial Sloan Kettering 

Cancer Center
New York, NY USA

13 Rush University Medical Center Chicago, IL USA
14 Mayo Clinic Rochester, 

MN
USA

15 University of Rochester Medi-
cal Center

Rochester, NY USA

16 Duke University Medical Center Durham, NC USA
17 Peking University 3rd Hospital Beijing China
18 Institute of Cancer of São 

Paulo (ICESP)
São Paulo, SP Brazil

19 University Comprehensive 
Spine Center Dresden

Dresden Germany

20 Monash Health Melbourne Australia
21 Westchester Medical Center Valhalla, NY USA
22 University Hospital Basel Switzerland
23 UCLA Medical Center Los Angeles, 

CA
USA

24 Vanderbilt University Medical 
Center

Nashville, TN USA

25 Hospital of the University of 
Pennsylvania

Philadelphia, 
PA

USA

26 UCSF Medical Center San Francis-
co, CA

USA

27 Montreal General Hospital Montreal, QC Canada
28 Hôpital de l’Enfant Jésus Quebec City, 

QC
Canada

29 University Medical Center 
Utrecht

Utrecht The Neth-
erlands

30 National University Hospital Singapore Singapore
31 Orthopaedic University Hospi-

tal Friedrichsheim
Frankfurt Germany

The centers shown in italic type (28–31) declined to participate in a prospec-
tive study.
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Thirty-four of 39 respondents (87%), representing 27 
of 31 centers, expressed their willingness to participate in 
a multicenter prospective cohort study evaluating various 
treatment protocols for chordomas involving the mobile 
spine and sacrum. Most participants who declined to par-
ticipate acknowledged that their tumor volume was too 
low to justify inclusion in such a study. Centers with simi-
lar treatment strategies were combined to form distinct 
treatment cohorts for a prospective study. Three treatment 
arms were identified for tumors for which en bloc resec-
tion is feasible with acceptable morbidity and 5 treatment 
arms were identified for tumors in which en bloc resection 
would result in significant morbidity (Fig. 3).

Discussion
The results of our survey illustrate the discrepancies 

and variation in the management of newly diagnosed 
spinal chordomas among some of the world’s most ex-
perienced cancer centers. In this study, we show that for 
tumors that are amenable to en bloc resection with accept-
able morbidity, it is unclear among our respondents wheth-
er RT should be given preoperatively, postoperatively, or at 
all, when margins respecting the Enneking classification 
are acheived.7 Considering the challenges of obtaining re-
sections with wide margins, which according to Enneking 
would include the reactive zone outside the tumor, the ma-
jority of en bloc resections are marginal at best. In this sce-
nario, the respondents were nearly evenly divided between 
whether to give postoperative RT or not. This represents 
3 potential cohorts to study in our proposed multicenter 
prospective study: 1) patients who undergo preoperative 
RT followed by resection and postoperative RT, 2) patients 
who undergo en bloc resection followed by RT regardless 

FIG. 1. Results for the first question: What is your preferred treatment strategy for a newly diagnosed chordoma of the spine when 
en bloc resection is feasible with acceptable morbidity?

FIG. 2. Results for the second question: What is your preferred treatment strategy for newly diagnosed chordoma of the spine 
when en bloc resection would result in significant morbidity (upper cervical, high sacrectomy)?
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of margins, and 3) patients who undergo en bloc resection 
alone if margins are respected.

On the other hand, considering the morbidity and com-
plications associated with treating tumors in difficult loca-
tions, there is understandably a push toward less invasive 
and less morbid treatment options for patients with these 
tumors. As demonstrated by this study, a significant pro-
portion of participants would consider a deliberate intra-
lesional resection or no surgery at all for these cases. This 
represents 2 additional cohorts to study in our proposed 
multicenter prospective study that differ from the other 
group. In difficult tumor locations thought to be exces-
sively morbid for en bloc resection, what are the long-term 
local control rates with 1) intralesional resection and post-
operative RT strategy and 2) RT alone? Whether or not 
these less surgically invasive options will result in durable 
long-term control is debatable, but the question is defi-
nitely worthy of investigation. More importantly, it needs 
to be determined whether the initial benefit in HRQOL 
conferred by a less-invasive treatment paradigm will be 
maintained in the long term. Likewise, the impact of such 
intralesional strategies on recurrence needs to be stud-
ied.3,5,15,27,28

Treatment of spinal chordoma is clearly evolving. 
Surgery plays a central role in the management of these 
tumors. The results of 2 recent systematic reviews have 
reiterated that achieving good surgical margins is associ-
ated with the best chances of local control and overall sur-
vival.2,18 Other chordoma-specific studies have reinforced 
these findings.10,20,26 Questions regarding the role, type, 
timing, and prescription dose of RT remain unanswered. 
While it is accepted that high-dose conformal RT is nec-
essary when there has been incomplete resection or when 
margins are concerning,2,18 there is no consensus in cases 
of Enneking-appropriate surgery. Because salvage sur-
gery is rarely successful for patients with recurrent chor-
doma after initial surgery, some centers have preferred to 
use adjuvant postoperative RT, unless wide margins are 
achieved.17 Moreover, some have reported that the best lo-
cal control results are obtained with a strategy of neoad-
juvant preoperative RT followed by en bloc resection and 

then postoperative RT boost.6,13,20 Early results with high-
dose single-fraction RT are also encouraging,29 and sur-
prisingly good local control rates, similar to the best sur-
gical series, are also being achieved with RT alone.4,12,14,16

Although not our primary outcome, the results of this 
survey offer valuable insight into important questions such 
as timing of surgery and RT, staging techniques, and RT 
modality access. The timing of surgery after RT and vice 
versa is a common dilemma for the spine surgeon treating 
patients with metastatic disease. No literature is available 
on this topic in the primary tumor literature. Most of our 
survey respondents waited between 5 and 8 weeks before 
surgery after neoadjuvant RT and before adjuvant RT 
after surgery. Considering the devastating consequences 
of wound infection in this patient population, as well as 
the low early recurrence risk of spinal chordomas, it is 
sound to delay RT until after the wound is well healed. 
Moreover, complex flap reconstruction is often required 
in these cases,19 and it may potentially be impaired if the 
timing of surgery is too close to RT.

A limitation of this survey is that 92% of respondents 
were surgeons and only 8% were radiation oncologists. As 
a result, most RT regimen–specific questions were incom-
pletely answered, and most respondents deferred to their 
radiation oncologist with respect to the dosage and frac-
tionation questions. While the RT dosage is certainly criti-
cal for these tumors, we do not believe that the paucity of 
responses on that topic interfered with our primary survey 
goals. Those specific questions will be answered in the 
subsequent prospective study. This also limited compara-
tive analyses between surgeons and radiation oncologists. 
Another limitation has to do with the fact that chordoma 
is a rare disease; even though we sent this survey to spe-
cialists who treat these tumors, 41% of them indicated 
that they treat less than 5 cases per year. Interestingly, 
oncology specialists who are treating more than 10 cases 
of chordoma per year favored a more aggressive surgical 
approach, even for tumors in difficult locations, and re-
lied less on adjuvant therapy. The final limitation that we 
would like to note is that some respondents were trained 
by other respondents. This may lead to biases of having 

FIG. 3. Proposed treatment pathways for a prospective cohort study.
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like-minded specialists respond in a similar way to the 
survey. To minimize this bias, we included as many dif-
ferent clinics as feasible from many regions of the world.

Chordomas have a low incidence and are pathologi-
cally heterogeneous, and as shown by this study, patients 
with these tumors may benefit from diverse treatment ap-
proaches.11 Optimal evidence-based care is lacking and is 
imperative. Knowledge gained from this study allowed 
us to design an international collaborative effort, which 
we hope will contribute significantly to answering these 
questions. Using this collaborative network of 27 different 
centers, we expect to be able to recruit a large volume of 
patients who will be included in predefined cohorts identi-
fied in the present study. Also, among the 27 participat-
ing sites, there is representation of various RT modalities, 
which will allow us to describe the local control rates and 
toxicities of the main RT options.

Conclusions
Treatment of spinal chordoma is multimodal and in-

volves surgery and RT for most patients. Management op-
tions vary significantly across the world, due to resourc-
es, local expertise, and biases. Based on an international 
survey, 3 different treatment strategies were identified for 
chordoma of the spine that can be resected according to 
oncological principles with acceptable morbidity. Five 
treatment strategies are identified for spinal chordoma for 
which en bloc resection would result in significant morbid-
ity. An international prospective cohort study involving 27 
high-volume centers was designed based on the results of 
this survey.
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