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Objective: To evaluate the hyperfractionated high-dose
proton beam therapy (PBT) for patients with clival
chordomas.

Methods: Records for 19 patients with pathologically
verified clival chordomas treated with surgery followed
by hyperfractionated PBT were retrospectively reviewed.
The first 9 consecutive patients were treated with 77.44
cobalt gray equivalents (CGEs) in 64 fractions, and the
latter 10 patients were treated with 78.4 CGE in 56
fractions.

Results: The median follow-up period of all 19 cases was
61.7 months with a range from 31.5 to 115.4 months. At
5 years, the local control, cause-specific and overall
survival rates for all 19 cases were 75%, 94% and 83.2%,
respectively. Whereas the 5-year local control, cause-specific

INTRODUCTION

Chordomas are rare, slow-growing destructive tumours
arising from notochordal remnants." Skull base chordo-
mas often affect younger individuals and are more frequent
in females than in males.” The clinical features of chor-
domas fall between benign and malignant because of their
local aggressiveness.">*

Although the surgical removal of skull base chordomas
remains the mainstay of treatment, complete removal is
often difficult because of the location"™° and aggressive
surgical treatment has sometimes been associated with in-
creased patient morbidity and mortality.”~® Patients with
a skull base chordoma who underwent surgery and/or ra-
diotherapy were reported to have a lower quality of life than
normal population mainly because of neurological deficits."’
In addition, even if gross total removal is achieved, the local

and over all survival rates of the latter 10 cases were
100%, 100% and 88.9%, respectively, with a median
follow-up period of 59.5 months. One of the first nine
patients demonstrated bilateral temporal lobe radia-
tion necrosis, who were successfully treated conserva-
tively. In the latter cohort, two cases showed transient
neurological symptoms probably due to brain stem
ischaemia, but both cases recovered completely with
conservative treatment.

Conclusion: The hyperfractionated high-dose scheme
combined with maximum surgical removal was shown
to be efficient for patients with clival chordomas.
Advances in knowledge: High-dose proton beam radio-
therapy using a hyperfractionation scheme yielded a more
favourable outcome than previous reports.

recurrence rate is high because of common infiltration to the
surrounding bony tissue along the lines of least resistance.”

Therefore, post-operative radiotherapy has been used to
achieve long-term stabilization of skull base chordomas.”®™®
Specifically, the proton beam therapy (PBT), with its ex-
cellent dose localization properties, has been reported to be
effective in achieving both local control and improved
overall survival when compared with the conventional ra-
diotherapy treatment.™' """

We have previously reported the early clinical results from
12 patients with clival chordomas and 1 patient with chon-
drosarcoma treated using PBT."> After treating a total of
17 patients, including these 12 patients, with the conventional
dose-per-fraction scheme, we initiated hyperfractionated PBT
after surgical tumour removal for minimizing complications
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Figure 1. Local control rates of 19 patients.
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while maintaining a high tumour control rate. So far we have
treated 30 cases with pathologically proven clival chordomas with
hyperfractionated PBT, and here we present the outcome of con-
secutive 19 patients who have been followed up for more than
2 years after the end of PBT.

METHODS AND MATERIALS

Patients

Between February 2006 and May 2013, 19 patients with chor-
doma at the clivus were treated with PBT (Table 1). Charac-
teristics of the 19 patients are shown in Table 1. These patients
have been followed up for 31.5-115.4 months with a median
value of 61.7 months after the end of PBT. In this cohort, there
are 8 males and 11 females with an age distribution from 13 to
76 years with a median age of 52 years. Their tumours ranged in
volume from 1.7 to 62.9 cm’ with a median value of 19.0 cm” at
initial diagnosis. All patients were pathologically diagnosed with
chordoid chordoma. Two patients (Numbers 2 and 4) were re-
ferred to our institute (Proton Medical Research Center, Uni-
versity of Tsukuba) after tumour recurrence. At presentation,
two patients (Numbers 2 and 17) had complete abducens palsy,
one (Number 4) had severe bilateral bulbar palsy and one
(Number 6) had mild right bulbar palsy. At initial surgery,
transsphenoidal, transoral, suboccipital, posterior petrosal and
anterior petrosal approaches were utilized in 13, 2, 2, 1 and
1 patient(s), respectively. Three patients had undergone >2 sur-
geries prior to PBT. Among these three patients, one patient
(Number 12) had multiple cranial nerve injuries resulting from
their last surgery. Consequently, at the time of PBT, gross total or
subtotal removal, partial removal and biopsy were performed on
eight, nine and two patients, respectively (Table 1).

Proton beam therapy

In the hyperfractionation schemes, PBT using the double scat-
tering method was performed twice daily with at least a 6-h
interval between each treatment for 5 days a week. In the initial
protocol, the dose per fraction, total number of fractions and total
dose were set at 1.21, 64 and 77.44 cobalt gray equivalents (CGEs),
respectively, based on our previous report.”> In this first scheme,
the total equivalent doses of 2.0 Gy/CGE per fraction were 62.15
and 70.64 CGE for the a/f ratio of 2.0 and 7.0 Gy, respectively. We

BUR

prospectively planned and treated 10 cases with this first protocol
until July 2008; however, one case was pathologically diagnosed as
chondrosarcoma later and was excluded from the present analysis,
resulting in nine patients in this cohort. After assessing the feasi-
bility and early toxicity of this first protocol, we progressed to the
next protocol with dose escalation, raising the fractional and total
doses to 1.40 and 78.40 CGE, respectively. The total equivalent
doses of 2.0 Gy/CGE per fraction were 66.64 and 73.17 CGE for
the a/@ ratio of 2.0 and 7.0 Gy, respectively. Between August 2008
and May 2013, 10 patients were treated with this next protocol.

For treatment planning, CT was performed in 3- to 5-mm slices in
the treatment position. The gross tumour volume was determined
as the enhanced area or tumour cavity on enhanced CT and/or
MRI. The clinical target volume encompassed the gross tumour
volume plus a 5- to 10-mm margin. The planned target volume
encompassed the clinical target volume plus a 5-mm margin.

Analysis

Acute reactions were evaluated according to the Common Termi-
nology Criteria for Adverse Events v. 3.0 from the National Cancer
Institute (Rockville, MD).? Late normal tissue complications were
evaluated according to the late effects in normal tissues subjective,
objective, management and analytic scoring system.”' Survival rates
were calculated by the Kaplan—Meier method.

RESULTS

All patients underwent PBT without suspension. No patient was
lost to follow-up. The median follow-up period was 61.7 months
with a range from 31.5 to 115.4 months.

At this point in the analysis, 13 patients were alive and 6 patients
were dead. Four patients died from tumour recurrence, one pa-
tient from aspiration pneumonia due to bulbar palsy (Number 4)
and one patient from subarachnoid haemorrhage (Number 12).
Seven patients showed tumour recurrence after PBT. Of the seven
patients, three (Numbers 1, 2 and 3) had marginal zone recur-
rences and two (Numbers 5 and 13) had in-field recurrences, one
(Number 8) had cervical lymph node metastases and one

Figure 2. Overall and cause-specific survival rates of
19 patients.
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Figure 3. Local control rates of 9 cases with 77.44 cobalt Gray
equivalents (CGE) in 64 fractions and 10 cases with 78.4 CGE
in 56 fractions.
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(Number 9) showed surgical path drop metastasis and meningeal
dissemination. Consequently, at 3 and 5 years, local control rates
were 92.9% and 75.0%, respectively (Figure 1). In addition, the
cause-specific and overall survival rates at 3 and 5 years were
94.7%, 94.7%, and 94.7%, 83.2%, respectively (Figure 2).

In the subgroup analyses comparing the 9 patients treated with
77.44 CGE in 64 fractions and the 10 patients treated with
78.4 CGE in 56 fractions, the former cohort showed 3- and 5-
year local control rates of 87.5 and 56.3%, respectively, with
a median observation period of 80.4 months. In the latter cohort,
3- and 5-year local control rates were both 100% with a median
observation period of 59.5 months (Figure 3), but one patient
showed tumour regrowth at 66.7 months. Also, the cause-specific
survival rates of the patients with 77.44 CGE in 64 fractions were
88.9% at both 3 and 5 years, whereas the rates of patients with
78.4 CGE in 56 fractions were both 100% (Figures 4 and 5).

Figure 4. Overall survival rates of 9 cases with 77.44 cobalt
Gray equivalents (CGE) in 64 fractions and 10 cases with 78.4
CGE in 56 fractions.
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Although the differences between the two groups were not sta-
tistically significant (p = 0.162 in local control, p = 0.074 in cause
specific survival), the 78.6 CGE in 56 fractions scheme tended to
be more efficient than the 77.44 CGE in 64 fractions scheme.

None of the 19 patients experienced acute reactions over grade 2
(Table 1). In late complications, one patient (Number 2) showed
mild cognitive and memory dysfunction 3 years after the end of
PBT. As MR images demonstrated bilateral medial temporal lobe
radiation necrosis (RN), he was treated with oral steroids,
vitamin E and hyperbaric oxygen therapy, resulting in partial
resolution of the symptoms in approximately 1 year. He was able
to take care of himself and could take a short walk at the last
follow-up. In addition, two patients (Numbers 14 and 18) showed
mild neurological symptoms with slight high-intensity changes on
T, weighted MRI in the medulla. One patient (Number 14)
complained of numbness in the left leg 9.5 months after the end
of PBT. The other patient (Number 18) complained of slight
weakness of left extremities associated with numbness 13 months
after the end of PBT. Both of them were treated with oral anti-
coagulants, and they recovered completely both clinically and on
MRIs. Retrospectively, they were diagnosed as transient brain
stem ischaemia probably due to peripheral blood flow in-
sufficiency in the structures around the brain stem.

A representative case (Number 18) treated with the present scheme
after maximum surgical removal is shown in Figures 6 and 7.

DISCUSSION

Chordomas grow slowly; however, Fagundes et al** reported
a recurrence rate of 31% and an overall local relapse rate of 29%
in an analysis of 204 patients with skull base or cervical chor-
domas treated by surgery and radiotherapy. In this analysis, the
patterns of recurrence included local (78%), surgical pathway
seeding (5%), regional nodal (3%) and/or metastases (20%).
Total or near-total resection is accepted as being an important
factor for local control of chordomas; however, the aggressive

Figure 5. Cause-specific survival rates of 9 cases with 77.44
cobalt Gray equivalents (CGE) in 64 fractions and 10 cases
with 78.4 CGE in 56 fractions.
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Figure 6. The serial images of patient number 18; (a, b) pre-surgical images, (c, d) after endoscopic transnasal surgery. Note that
nearly total removal of the tumour was achieved resulting in a space between the brain stem and the clival dura mater. (e, f)
24 months after proton beam therapy. Note that the tumour is stabilized without evidence of adverse effects in the surrounding

normal structures.

Serial MRIs of a representative case (N0.18)

surgical treatment has sometimes been associated with increased
patient morbidity and mortality rates” resulting in lower quality
of life for survivors.!® Therefore, the combination of maximal
surgical resection within a safe range and optimal post-operative
radiotherapy is very important for preventing local tumour re-
currence and maintaining patients’ performance status (Figure 7).

In a review article reported by Amichetti et al,* the mean 5-year
survival and local control rates for the 191 reported patients
treated with conventional photon radiotherapy were 53.5% and
33.5%, respectively. The total doses applied were from 22.93 to
69.36 Gy with an average value of 52.7 Gy. As for proton ra-
diotherapy, we extracted data specifically on skull base chordo-
mas treated by proton beams, and they are listed in Table 2.
Munzenrider and Liebsch'* reported 169 patients of skull base
chordoma treated with protons and photons, with a median
observation period of 41 months. They reported 5- and 10-year
local control rates of 73% and 54%, respectively, and overall
survival rates of 80% and 54%, respectively. However, there were
3 patients who died of brain stem injury and 3 patients who
underwent temporal lobe resection due to RN. Also, Hug et al'*
reported 33 patients with skull base chordomas treated by

proton and photon therapy, with a mean dose of 70.7 CGE and
a mean follow-up time of 33.2 months. They reported a 5-year
local control rate of 59% and an overall survival rate of 79%. In
their study, grade 3 or 4 toxicities included one patient with
asymptomatic RN, one patient with focal seizure (single epi-
sode) and two patients with severe hearing loss. The result of our
very early phase trial was reported by Igaki et al'® in 2004. In this
study, since dose and fraction sizes varied from 63 to 95 CGE
and 2.0-3.5 CGE, respectively, 5-year local control and overall
survival rates were 46% and 66.7%, respectively, with two cases
resulting in grade 4 late toxicity. Later, Noél et al'® reported 100
cases of skull base and upper cervical spine chordomas treated
using proton and photon therapy, with a median follow-up of
31 months. The 5- and 10-year survival rates were 86.3% and
53.8%, respectively; however, 42 patients experienced 1 or more
late complications. More recently, Ares et al'' reported
42 patients with skull base chordomas treated with PBT using spot
scanning technology with a dose of 73.5 CGE. The mean follow-
up period was 38 months. Although the 5-year local control and
disease-specific survival rates were both 81%, there were one
patient with grade 3 and one patient with grade 4 unilateral optic
neuropathy and two patients with grade 3 temporal lobe RN.
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Figure 7. The treatment planning of patient number 18. (a, b) The initial plan encompasses not only the tumour but also the surgical
path with 5- to 10-mm margins. With this plan, 0-39.2 cobalt Gray equivalents (CGE) in 28 fractions were delivered. (c, d) The
second plan that designs the dose to the brain stem and the optic chiasma to be <50% of the maximum dose. With this plan,
40.4-58.5 CGE in 13 fractions was delivered. (e, f) The third plan that covers only the tumour bed, designing the dose to the brain
stem and the optic chiasma to be <20% of the maximum dose. With this plan, 60.2-78.4 CGE in 13 fractions was delivered.

Treatment planning of case No. 18

In the present study evaluating 19 patients, the median observation
period of 61.4 months was longer than that in most of the previous
studies using PBT, and the obtained survival data were compatible
or superior to others. Particularly, in the 10 patients given 78.4 CGE
in 56 fractions, the 5-year local control, cause-specific survival and
overall survival rates were 100%, 100% and 88.9%, respectively,
with a median follow-up period of 59.5 months. Although the
number of patients in this study is small, these outcomes are
favourable compared with previous ones. To further improve the
reliability of data with this hyperfractionation scheme and to be
accepted as a choice of therapeutic protocol, longer follow up and
greater patient numbers are greatly desired.

One of the limitations of radiotherapy treatments, including
PBT, is the unavoidable dose deficit areas that occur because of
adjacent dose-limiting normal tissue structures, such as the optic
nerves or the brain stem. It is inevitable to make plans to reduce
the dose to as low as 54 Gy to these risky structures. Consequently,
local recurrence rates in these areas become relatively high;'*
however, salvage therapy for recurrence after radiation therapy is
extremely difficult.® Fagundes et al** reported that the 3- and 5-
year overall survival rates after local relapse were 44% and 5%,

respectively. Therefore, maximum reduction of tumour burden
should be performed to improve the geometry of interface of the
tumour and normal tissue, and to maintain an adequate distance
from these dose-limiting structures.”” These are critical factors to
reduce dose deficit areas in the following PBT planning.

The risk of RN is reported to be significantly higher when the
fraction size is >2.2-2.5 Gy.** It is also important to remember
that RN can occur when the total dose is <60 Gy."” Further-
more, the risk of RN can be higher when the structures are
located at the distal end of the proton beams, as the relative
biological effectiveness of proton beams is reported to be >1.1
at the distal end of the Bragg peak.”” Although we experienced
one case of temporal lobe RN, the lesion was fortunately sta-
bilized with conservative medical treatment. Temporal lobe RN
is a well-known late complication of PBT for skull base chor-
domas because of the anatomical vicinity and that dose is
usually delivered using opposed lateral fields. Santoni et al*®
reported that among 96 patients of chordomas/
chondrosarcomas treated with proton and photon irradia-
tion, 10 patients (10.4%) developed temporal lobe RN. Of
these 10 cases, 6 cases received 72 CGE and 4 cases received
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66.6 CGE with conventional fractionation (1.8 CGE/day, 5
fractions/week). Our results may indicate that even with the
hyperfractionation scheme, it is difficult to entirely prevent
temporal lobe RN when the total dose is >77.44 CGE. We also
experienced two cases of late onset transient ischaemia of the
brain stem. Although the aetiology has not been clarified yet, this
probably occurred due to small vessel vasculopathy in the struc-
tures around the brain stem. Although arterial damage may occur
after doses of 50-70Gy are delivered in conventional fraction
patterns,”” the mechanism of late onset such as in our cases is not
very clear. We consider that treatment plans which surround more
than half of the brain stem may have some risks, making it dif-
ficult to maintain long-term peripheral blood flow around the
brain stem even if the brain stem itself was spared. Close obser-
vation is highly recommended in cases treated with similar
treatment planning.

Hayashi et a/

One drawback to this procedure is the long period of time neces-
sary for completion. Since 78.4 CGE in a 56-fraction scheme takes
28 treatment days to complete, the individual patient’s performance
status may have to meet this requirement, and patients with ex-
tremely aggressive tumours may not be suited for this treatment.

In conclusion, our analyses of the relatively long-term outcomes
of patients with clival chordomas indicate that the hyper-
fractionated scheme reported here is worthy of consideration as
one therapeutic approach, which delivers sufficient doses to the
tumours with maximum preservation of neurological function.
Particularly, PBT administered with 78.4 CGE in a 56-fraction
scheme may be efficient. In addition, surgical resection should
include not only debulking but also maintaining an adequate dis-
tance from nearby dose-limiting normal tissue structures to im-
prove the long-term outcomes of patients with clival chordomas.
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