


(two cases) whenever they were involved, and extensive
bone drilling and dural opening in cases of intradural ex-
tension (11 patients). Any case in which the surgeon decid-
ed to stop the tumor resection or did not perform a com-
plementary surgical approach when some portion of tumor
clearly remained was considered to have received a non-
aggressive treatment. This was confirmed in every patient
by computerized tomography scans and MR images, which
were reviewed by the neurosurgeon and the radiotherapist.
In none of the patients was a clear tumor remnant demon-
strated. Postoperatively, follow-up clinical and MR imaging
examinations were performed at 6 months and later at least
every year. Diagnosis of tumor recurrence was based on
a review of follow-up MR images and established as any
change observed in a comparison with the first postopera-
tive MR images.

Two patients were excluded from Group A because they
died shortly after surgery and no data were available for
recurrence statistics. Cardiopulmonary arrest occurred in
one patient 2 weeks after surgery (lateral and transoral ap-
proaches followed by posterior fixation). The patient recov-
ered in a vegetative state and eventually died 1 year later;
this complication did not seem to be related to compromise
at the cervicomedullary junction level and remains unex-
plained. The second patient was in very poor general con-
dition and died less than 6 months after surgery (transoral
approach followed by posterior fixation) of pulmonary in-
fection and multiorgan failure. Three patients were exclud-
ed from Group B: two of these patients were lost to follow
up and the other was excluded because there was insuffi-
cient information in the medical history. Each of the three
excluded patients underwent a lateral approach without fix-
ation. The final study population included 20 patients in
Group A and 11 patients in Group B (Table 1).

Because of the variety of tumor shapes, tumor volumes
could not be measured. Tumor size was analyzed for a
comparison between Group A and B lesions by following
their extensions along three planes: 1) the vertical plane
with three zones (the tip of the clivus, C-1 and the odontoid
process; the C-2 body for suboccipital chordomas; and one
zone for each vertebra for lower cervical chordomas); 2) the
horizontal plane with three zones, one central and two lat-
eral (the central zone includes the vertebral bodies and the
anterior arch of atlas, whereas the lateral zone includes the
transverse foramen and the area lateral to it); and 3) the an-
teroposterior plane with two zones, anterior to the dura ma-
ter and intradural. In the vertical plane the tumors extended
on average 2.5 zones in Group A and 2.6 zones in Group B
(not statistically significant); in the horizontal plane, the tu-

mors extended in Group A to one (central) zone in six
patients, two (central and lateral) zones in nine patients, and
three (central and bilateral) zones in five patients, whereas
in Group B the tumors extended to two (central and lateral)
zones in six patients and to three zones in five patients.
There was no stastistical difference whether the average
number of zones or the involvement of the VA (lateral
zones) is considered. In the anteroposterior plane, in Group
A 14 patients were found to have tumor extension anterior
to the dura and six to have intradural tumor extension; in
Group B, seven patients were found to have tumor exten-
sion anterior to the dura and four patients to have intradural
tumor extension. Again no difference can be found between
the two groups.

These two groups were compared for their results in
terms of survival rate, recurrence-free rate, disease-free
time (corresponding to the delay before the next recur-
rence), and number of recurrences per year. From previous
reports,4,10,16,31 as well as from our series, factors such as
delay before diagnosis, neurological signs and symptoms,
and histological features had no influence on the long-term
results. In the literature, besides the extent of surgical re-
moval, patient age was the only factor having a significant
relation to results.1,9–11 All these factors were analyzed in the
two Groups (A and B), and also in the two groups of pa-
tients presenting or not presenting with a further recurrence.
To study the influence of patient age, our population was al-
so divided into three groups: younger than 15 years, 15 to
40 years, and older than 40 years.

All cases were treated aggressively regardless of whether
the lesion was a primary or a recurrent one. Different surgi-
cal approaches were proposed to treat the patients; some
were performed alone or in combination with others and
some were conducted in one stage and others in several
stages. Transoral (eight cases), anterior (three cases), poste-
rior (five cases), lateral (30 cases), and transbasal (one case)
approaches were used (Table 2). Lateral approaches includ-
ed either the anterolateral approach or the posterolateral ap-
proach, as previously described.5,12–15

Fixation procedures were performed in 16 patients.
Grafts and/or plates were placed after tumor resection by
using the same anterior (two cases) or lateral (eight cases)
approach used for resection or by using a separate posterior
approach (six patients) (Table 2).

Among the 20 patients in Group A, the transoral ap-
proach was performed eight times, the anterior approach
three times, the posterior approach five times, the transbasal
approach one time, and the lateral approach 15 times. Five
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TABLE 1 
Characteristics of the two major groups of patients*

No. of Pro- Radio- Mean 
No. of Age (yrs) cedures/Patient therapy Follow

Pa- Up
Group† tients �15 15–40 �40 Mean Range Yes No (yrs)

A 20 6 3 11 1.90 1–4 17 (10 P) 3 4.7
B 11 2 5 4 1.36 1–3 11 (3 P) 0 3.6 

* Group A patients underwent more surgical procedures (38) than Group
B patients (15) (p � 0.05). Abbreviation: P = proton therapy.

† Explanation of groups is found in Clinical Material and Methods.

TABLE 2
Details of surgical approaches*

Fixation

No. of Trans- Pos- Trans- Ant or Pos-
Group Patients oral Ant terior basal Lat Lat terior

A 20 8 3 5 1 15 5 6
B 11 — — — 1 15 5 —
total 3.1 8 3 5 1 30 10 6

* Some patients underwent more than one surgical procedure. Full details
are provided in Clinical Material and Methods. Abbreviations: ant = anteri-
or; — = not applicable.



fixation procedures were accomplished during two anterior
and three lateral approaches, whereas six others were per-
formed during a complementary posterior approach. This
brings the total number of surgical procedures to 38. With a
range of one to four surgical stages, therefore, the average
number of surgical stages per patient was 1.9 (Table 2).

Among the 11 patients in Group B, a lateral approach
was performed 15 times and a complementary fixation pro-
cedure five times. This fixation procedure was always part
of one approach performed for the tumor resection; there-
fore, the average number of surgical procedures per patient
was 1.36 (range 1–3) (Table 2).

Histological diagnosis was established in all but three
cases by two different pathologists including one at our hos-
pital (M.P.) and, generally, one at the hospital to which the
patients were sent for radiotherapy and proton therapy. In
three patients, histological diagnosis was only established
by our pathologist. Immunohistochemical studies were per-
formed in all cases and demonstrated positive staining for
S100 protein, cytokeratin, and epithelial membrane antigen.
The histological diagnosis was reevaluated and always con-
firmed in cases of recurrences that underwent repeated sur-
gery. Histological grading was performed according to the
method of Holton, et al.19 Briefly, for each pattern—cel-
lularity, inflammation, nuclear pleomorphism, mitosis, ne-
crosis, and apoptotic bodies—a three-tiered scheme was
established as follows: 0, feature absent or low; 1, moder-
ate; and 2, severe. The highest score that can be obtained
using this histological grading is 12. Chondroid differentia-
tion was determined using the same criteria. In each case,
sectors with the highest score were considered.

Radiotherapy was applied after surgery in all but three

patients in Group A and in all but one patient in Group B.
These four patients did not receive radiation therapy be-
cause they were treated at a time when radiotherapy was
controversial. Proton therapy in combination with conven-
tional radiotherapy has been available for the last 4 years
and was applied in 13 patients (10 patients in Group A and
three patients in Group B) (Table 1).

Statistical Analysis

Statistical analyses were performed to compare groups
by using the nonparametric chi-square test. Statistical sig-
nificance was reached when the probability value was less
than 0.05. Actuarial analyses were performed to compare
survival and recurrence curves between the two groups.
Curves were compared using the log-rank test, calculat-
ed by the Mantel–Cox method, using commercially avail-
able computer software (StatView; SAS Institute, Inc.,
Cary, NC).

Results 

In the whole series of 36 patients, 14 deaths were ob-
served including the two excluded patients in Group A. Be-
cause nothing can be said about survival and recurrence of
tumor in these two patients, they were excluded from the
analysis. Nevertheless, one may consider these two deaths
to be related to our aggressive surgical policy.

In Group A, the follow-up period ranged from 1 to 11
years (mean 4.7 years, median 4 years) (Table 1). Five
deaths were observed at 2, 3, 4, 5, and 11 years, respective-
ly, after the first surgery (Fig. 1). Three of these deaths were
directly related to tumor progression after two recurrences
in one patient and three recurrences in two patients. More-
over, breast cancer was discovered during the follow-up pe-
riod in one of these three patients. The two other patients
died of unrelated causes: one patient died of pneumonia af-
ter 5 years and two recurrences, and the other patient died
of an intracerebral hemorrhage after 11 years and five recur-
rences. Therefore, the overall mortality rate in this popula-
tion is 25% (31% if the two excluded patients are integrat-
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TABLE 3
Relationship between patient age and tumor recurrence*

Factor Group A Group B Total

no. of patients
age groups (yrs)

�15 6 2 8
15–40 3 4 7
�40 11 5 16

total 20 11 31
mean time to 1st recurrence (mos) 43 15.3 32.3
no. of recurrences/yr

age groups (yrs)
�15 0.11 1 0.22
15–40 0.05 0.77 0.33
�40 0.18 0.5 0.28

total 0.15 0.62 0.28

* Significant differences between Groups A and B were found for both
the time to recurrence and the number of recurrences each year (p � 0.05);
when patients were stratified by age, these differences were not significant.

FIG. 1. Event graphs for Groups A and B representing the course
of the disease in each individual patient. Each step down corre-
sponds to a tumor recurrence. The baseline is reached when the pa-
tient dies; otherwise, the line stops when the follow-up period ended
(in years [y]). A visual comparison of the two graphs shows strong
evidence of better outcomes in Group A patients.



ed), and the disease-related mortality rate is 15%. Besides
the recurrences observed in the five dead patients, there are
two live patients who presented with one recurrence, one at
8 years and the other at 4 years after first presentation. In
Group A the cumulative length of follow up reached 94
years, during which 14 tumor recurrences were observed;
this establishes the number of recurrences per year at 0.15.
The time of first recurrence was 1 year in one patient, 2
years in three patients, and 4, 6, and 8 years in one patient
each (Fig. 1). The mean time until the first recurrence was
43 months (Table 3).

In Group B, the follow-up period ranged from 1 to 8
years (mean 3.6 years, median 3 years) (Table 1). Seven
deaths were observed: one death at 1 year, one at 2 years,
one at 3 years, three at 5 years, and one death at 8 years
(Fig. 1). All these deaths were directly related to tumor
progression. They occurred after two recurrences in three
patients, three recurrences in three patients, and six recur-
rences in one patient. Both the overall and disease-related
mortality rates were 63%. In Group B the cumulative time
of follow up was 40 years, during which 25 recurrences
were observed, setting the number of recurrences per year
at 0.62. Among the four patients who are still alive, two pre-
sented with one recurrence at 1 year, one presented with one
recurrence at 2 years, and one presented with two recur-
rences at 1 and 2 years (Fig. 1). The mean time until the first
recurrence was 15.3 months (Table 3).

The actuarial survival rates at 5 and 10 years were 80
and 65%, respectively, in Group A and 50 and 0%, respec-
tively, in Group B (Fig. 2). The recurrence-free rates at 5
and 10 years were 70 and 35%, respectively, in Group A
and 0% at 3 years in Group B (Fig. 3). Log-rank tests
showed statistically significant differences between Group
A and Group B in survival rate (
2 = 3.85; p = 0.049, log-
rank test), and in terms of tumor recurrence rate (
2 = 21.07;
p � 0.0001, log-rank test).

When the patients were stratified by three age groups (�
15 years, 15–40 years, and � 40 years), no statistically sig-
nificant difference was demonstrated for the time until re-

currence (p = 0.15) or the rate of recurrence. Similarly, the
delay before diagnosis is not statistically different between
Group A and Group B patients (11.3 and 18.3 months, re-
spectively) or between patients with or without tumor re-
currence (18 and 8.8 months, respectively).

Four patients, two from each group, presented with me-
tastasis. In three cases, the metastasis was subcutaneous, in-
cluding one at the site at which the bone graft had been
harvested, suggesting seeding during surgery. Lymph-node
metastasis was observed in the fourth case. In all cases, me-
tastases were discovered at the last recurrence before the
patient’s death.

Patients with preoperative long-tract deficits accounted
for 35% (seven of 20) in Group A compared with 45% (five
of 11) in Group B, and 31% (four of 13) in patients without
recurrence compared with 44% (eight of 18) in patients
with recurrence. Among the seven Group A patients with
preoperative long-tract deficits, clinical status improved
postoperatively in three cases, totally recovered in two
cases, and remained unchanged in two cases. Among the
five Group B patients with preoperative long-tract deficits,
clinical status improved postoperatively in one case, totally
recovered in one case, and remained unchanged in three
cases. 

Patients with preoperative cranial nerve deficits account-
ed for 40% (eight of 20) of Group A and 18% (two of 11)
of Group B, as well as 31% (four of 13) of patients without
recurrence and 33% (six of 18) of patients with recurrence.
Postoperatively, two patients each from Groups A and B
displayed transient worsening of their swallowing difficul-
ties and required a tracheostomy between 5 days and 3
weeks. These patients then recovered to a status similar to
the preoperative one. One patient from Group A had a per-
sistent 11th cranial nerve paresis with a trapezius muscle
deficit. All patients who displayed a 12th nerve palsy pre-
operatively (six in Group A and two in Group B) continued
to have it postoperatively. In summary, there were very few
new and permanent incidences of morbidity related to long-
tract and cranial nerve deficits.

As for the fixation procedure, there was no instance of
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FIG. 2. Actuarial graph showing probability of survival in pa-
tients in each treatment group. Survival rate at 5 and 10 years was
80 and 65%, respectively, in Group A patients and 50 and 0%, re-
spectively, in Group B patients. The results of the log-rank test
showed statistically significant differences between Group A and
Group B (
2 = 3.85; p = 0.049).

FIG. 3. Actuarial graph showing probability of recurrence-free
survival in patients in each treatment group. Recurrence-free rate
was 70 and 35% at 5 and 10 years in Group A and 0% at 3 years in
Group B. The log-rank test showed statistically significant differ-
ences between Group A and Group B (
2 = 21.07; p � 0.0001).



hardware failure and fusion could be obtained in all cases.
Obviously, in all patients who underwent craniocervical fix-
ation there remains a marked limitation in head rotation.

Operative complications in Group A included one case
of meningitis and one of meningocele (treated by lumbo-
peritoneal shunt placement). Operative complications in
Group B included two cerebrospinal fluid fistulas, which
were both treated by lumboperitoneal shunt placement. 

The histological grades were 4.33 in Group A and 5.34
in Group B (p = 0.92). In the groups with and without recur-
rence, these scores were 5.26 and 3.8, respectively. These
differences are not statistically significant. The chondroid
differentiation indices also were not statistically different
between the different groups: 0.7 in Group A compared
with 0.36 in Group B (p � 0.2), and 0.7 in the group with-
out recurrence compared with 0.5 in the group with recur-
rence (p � 0.5) (Table 4).

To estimate the roles of radiation therapy and proton ther-
apy in the results, the following comparisons were made: in
the whole series between 1) patients treated and those not
treated by radiation therapy; and 2) patients treated and
those not treated by proton therapy; and in Group A be-
tween patients treated and those not treated by proton ther-
apy. In each case, actuarial survival rates and actuarial re-
currence-free rates were analyzed, but never proved to be
statistically significant between the different groups of pa-
tients.

Discussion 

General Data

Chordomas arise from remnants of the notochord. They
comprise only 2 to 4% of primary bone tumors. Their most
common location is the sacrococcygeal region (50–66%),
followed by the clivus (35%) and spine (10–15%).4,9,18,31

Along the spine, the lumbar region predominates before the
cervical and thoracic regions. In a French cooperative
study3 of 206 primary bone tumors of the spine, chordoma
was the predominant type of lesion found in adults; in chil-
dren (� 15 years) chordomas were the fourth most com-
mon lesions. In the overall series chordomas ranked third
among tumors located at the cervical level, but first among
those located in the suboccipital segment. Chordomas ac-
counted for 17% of all primary bone tumors in this French
cooperative study. In the literature there are few reports on
chordomas of the cervical spine.4,16,25,31,35,36 Because of their
rarity, reports generally link all spinal locations or even all

spinal and cranial locations together. Because a special in-
terest of our institution lies in pathological conditions of the
craniocervical junction and VA surgery, we could collect 36
cases of chordomas located in the cervical spine over an 11-
year period. Similar to findings of previous reports, most of
our cases were located at the upper cervical level.

The natural history of chordomas is not very well known
and seems to vary. Many reports state that chordomas have
a tendency to grow slowly, but 5- and 10-year survival rates
are approximately 50 and 35%, respectively,10,17,18,22 and me-
tastasis is not rare.4,7,24,31 Therefore, chordomas are consid-
ered to behave more like locally malignant tumors even if
their histological features rarely resemble those of real ma-
lignant tumors.32 In the literature, survival times vary from
less than 1 year to 21 years, and even as long as 46 years in
a 1981 report by Murali, et al.25 Recently Watkins, et al.,34

suggested that chordomas be separated into two groups:
“one group with high mortality within 5 years and a second
group with an indolent disease process and near normal life
expectancy.” Nevertheless, it is hard to identify factors that
could differentiate aggressive from benign forms of chor-
domas. In addition, published reports often include both
chondrosarcomas and chordomas.2,20,23,29 Today immunohis-
tochemical studies showing positive staining for epitheli-
al marker proteins (vimentin and S100 protein) permit us
to assess the diagnosis of chordoma and especially to dif-
ferentiate chordomas from chondrosarcomas.20,28 In many
reports,2,19,23,29 particularly those focusing on the results of
radiotherapy, both chordomas and chondrosarcomas are
joined in one single series, bringing confusion to the analy-
sis of each tumor type. 

Factors Influencing the Prognosis

Several factors have been posited to explain the varia-
tions in the progression of chordomas. Histological features
such as atypia, necrosis, and mitosis are scarcely observed
(except in cases of sarcomatous changes)32 and are not relat-
ed to any difference in prognosis.4,10,16,31 In our series, histo-
logical features did not seem to be correlated to the rate of
recurrence: patients with tumors sharing similar histologi-
cal patterns can have totally different rates of recurrence.
The chondroid type of lesion is a controversial issue. Some
authors argue that this subtype of chordoma does not exist.6
Others report on more favorable outcomes in cases of chon-
droid chordoma.2,7,8,11,16 In fact, as mentioned by Forsyth, et
al.,10 the chondroid type is more often observed in patients
younger than 40 years, and, thus, age younger than 40 years
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TABLE 4 
Histological features in patients for whom data are available*

Nuclear
No. of Cellular Pleio- Grading Inflam- Apoptotic

Group Patients CDI Density Necrosis morphism Mitosis mation Bodies Total

A 17 0.70 1.23 0.29 1.17 0.23 0.88 0.53 4.33
B 11 0.36 1.27 0.90 1.27 0.27 1.09 0.54 5.34
w/o recurrence 10 0.70 1.30 0.20 1.10 0.00 0.90 0.30 3.80
w/ recurrence 18 0.50 1.22 0.72 1.27 0.39 1.00 0.66 5.26

* For each feature, a three-tiered scheme was established in each patient (0, feature absent or low; 1, moderate; 2, severe). In each
case, the sector with the highest score was considered. Thus, in one patient the highest score for the chondroid differentiation index
(CDI) is 2, and the highest score for the entire histological grading scale is 12.



appears to be the significant factor of better prognosis. On
the contrary, some authors have emphasized a worse prog-
nosis in children younger than 5 years.21,37 Finally, there are
several papers mentioning that spinal chordomas exhibit a
more rapid growth and more frequent metastasis than le-
sions at other locations.16,21,31 Sundaresan, et al.,31 observed
disseminated metastasis in 11 (39%) of 18 vertebral chor-
domas, a rate that is significantly different from that asso-
ciated with sacrococcygeal chordomas. Harwick and Mil-
ler16 reported on five cervical and one clival chordomas. In
spite of treatment, only two patients survived more than
18 months. In a 1975 review of the literature, Wellinger35,36

found 46 spinal chordomas including five cases in which
the lesion was not treated and the patient died in less than
18 months. Of the 15 patients with cervical lesions in this
review, nine died before 3 years and only two survived
more than 5 years. 

Finally, there probably are only two factors specified in
the literature that we may reasonably believe to give some
indication of prognosis: patient age and spinal location of
the tumor. If we divide our series of 31 cervical cases in-
to three subgroups according to patient ages, however, we
cannot show any significant impact of age on prognosis.
From the overall series in the eight patients younger than 15
years (all of whom were � 10 years old) the survival rate
was 47% at 5 and 10 years and the number of recurrences
per year was 0.22; in the seven patients between 15 and 40
years of age the survival rate was 13% at 5 and 9 years and
the number of recurrences per year was 0.33; and in the 16
patients older than 40 years the survival rates were 56 and
18% at 5 and 10 years, respectively, and the number of re-
currences per year was 0.28. 

Value of Aggressive Treatment

Because chordomas generally are aggressive tumors and
there is no effective criterion to predict their speed of
growth, it is often believed that resection must be as radical
as possible.1,9,11,29,34 This is not always the policy in regular
practice, however, as shown by the illustrative case in Fig.
4, in which a partial resection was first accomplished via a
posterior approach and the patient was referred to us for
tumor recurrence. Reasons for partial removal of the lesion
are numerous: technical limitations, difficulty to make pa-
tients accept several staged operations, and the belief that
repeated palliative surgery is more beneficial for the pa-
tient. In the literature some reports advocate radical resec-
tion, stating that each repeated operation is accompanied by
more difficulty and less efficiency, that additional surgery
after radiotherapy carries an increased risk of morbidity,11

and that radical removal may be attempted with acceptable
risks of mortality and morbidity.1,11,29 In these recent papers,
however, the follow-up periods are short and no survival
rate is given. On the other hand, in their series of 38 cases
Watkins, et al.,34 concluded that there was little improve-
ment in outlook for these patients compared with outcomes
in patients 50 years ago, despite improvements in surgical
approaches and the use of radiotherapy. In another series of
51 patients from the Mayo Clinic,10 a difference in overall
survival between patients who underwent resection and
those who did not could be demonstrated only in patients
younger than 40 years. Worthy of mention is the fact that all
these reported series include different locations of chordo-

mas, although most were found in the skull base. Here we
report on chordomas of the cervical spine, for which it is
certainly easier to perform a radical removal. Nevertheless
in many cases in our series, the tumor extended toward the
VA on one or both sides and even encased it in few cases.
In almost all cases referred after tumor recurrence, the first
resection had been limited laterally because of involvement
of the VA. Therefore, radical resection often requires a sur-
gical approach that permits us to control the VA whatever
the level (suboccipital or transversary segment). This is re-
flected by the high number of lateral approaches (30 cases)
that were applied in our series alone or in combination with
other approaches, mostly directed to the midline (transoral
or anterior approach). Among the 47 surgical approaches
performed in our 31 patients, 30 were lateral ones provid-
ing exposure and control of the VA (Table 2). Aggressive
treatment often means spinal instability and the need for
a complementary fixation procedure. Sixteen fixation pro-
cedures were performed in our 31 patients (52% of pa-
tients). Therefore, a heavy surgical program, comprising up
to four surgical stages, was often proposed to our patients
(Table 1).

In our report we have been able to demonstrate the ben-
efit conferred by the most radical resection that is possible
at the patient’s first presentation. This benefit is observed in
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FIG. 4. Magnetic resonance imaging studies obtained in a 64-
year-old woman (Group B patient) with a chordoma located at the
C2–3 level, who initially underwent partial posterior tumor resec-
tion. Two years postoperatively, she was referred to our institution
because of tumor recurrence around the VAs (A, sagittal T1-weight-
ed image; B, axial T1-weighted image). A bilateral anterolateral
approach was performed with mobilization of both VAs. In this pa-
tient the histological grading score was 4/12 and the chondroid dif-
ferentiation was 0/2. After the second surgery the patient received
proton therapy. At the 1-year follow-up examination (following the
second surgery), she was doing well with no evidence of tumor re-
currence or scar tissue modification on MR imaging (C, sagittal T1-
weighted image; D, axial T1-weighted image).



the time before the first recurrence of the tumor (Table 3),
in the number of recurrences per year (Table 3), and in the
survival (Fig. 2) and recurrence-free rates (Fig. 3). Because
there were no patients in Group B without tumor recur-
rence, one could argue that we may have missed Group B
patients who had no recurrence, leading to bias in the study
analysis. In fact this population of Group B patients without
recurrence is unlikely to exist because patients were includ-
ed in Group B only when they had already undergone a par-
tial or subtotal first removal of the tumor and, in addition,
the results in Group B patients agreed with most data pro-
vided in the literature. Conversely, aggressive treatment at
first presentation (Group A) provided much better results
than the data in the literature: survival rates at 5 years were
80% in Group A, 50% in Group B, and 50% in the litera-
ture.10,17,18,22,35,36 Although Group B patients were treated (af-
ter the first recurrence) as aggressively as Group A patients,
they did not reach the high recurrence-free rate of Group A
patients who underwent primary aggressive treatment. This
means that aggressive treatment seems to be worthwhile at
first presentation and not necessarily after first recurrence.

In a comparison of our two groups (A and B), there is no
difference in surgical experience because patients from both
groups were all treated within the same time frame. The 11-
year period is short enough for us to state that no major
changes in surgical technique occurred. Nevertheless, there
were some modifications in radiotherapy. Initially three pa-
tients in Group A did not receive radiotherapy and the last
13 cases were treated by proton therapy. Of these 13 cas-
es, 10 belonged to Group A and underwent aggressive
treatment and three belonged to Group B. In Group B pro-
ton therapy was always given after at least one recurrence,
whereas in Group A it was always applied after the first
resection. This should certainly be considered part of the
aggressive primary treatment. The main reason for not ap-
plying proton therapy in some Group B cases was previ-
ous radiotherapy. Proton therapy has the major advantage
of concentrating most of the energy on a limited defined
zone.2,19,30 As with any radiotherapy, however, it has the lim-
itations of structure tolerance. It has been demonstrated that
the efficacy of radiotherapy on chordomas increases in par-
allel with the given dose.23,26 More than 60 Gy is necessary
to have an effect on chordomas. This is quite acceptable for
soft tissues and bone in the neck but not for the brain or the
spinal cord. Therefore, every effort must be made to resect
all tumor parts close to the nervous tissue. Because this is
generally the deepest part of tumors, it is another reason to
perform a radical resection.

Conclusions

In a comparison between patients with chordomas treat-
ed aggressively with radical resection at first presentation
and those treated similarly but after tumor recurrence fol-
lowing subtotal resection, we found that the results are
much better in the former group of patients. Survival rate,
time until the first recurrence, and number of recurrences
per year are significantly better in patients treated aggres-
sively at first presentation. Radical resection, at least around
nervous tissue, permits the use of radiotherapy and proton
therapy with better efficiency. 
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