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Composite PEEK/Carbon fiber implants can increase the
effectiveness of radiotherapy in the management of spine tumors
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Background: Combination of surgery and radiotherapy in the treatment of primary spine tumour can be
indicated in some cases where a satisfactory oncological margin cannot be achieved. The presence of metal
hardware has always limited post-operative radiotherapy due to the scattering effects of ionizing radiation
or particles. The use of a fixation system (including rods and screw) fully made in PEEK embedded Carbon
fiber (CFR-PEEK) could make easier and more effective the post-operative radiotherapy as it is radiolucent
and does not interfere with ionizing radiation and accelerated particles.

Methods: An ambispective study was performed on the first 22 consecutive primary tumor patients,
who underwent spinal surgery including a composite CFR-PEEK fixation system. Oncologic surgery was
palliative decompression and fixation in 3 cases; tumor excision in 15; en bloc resection in 4. The incidence
of complications (intra- and postoperative), local control (LC) and local recurrence (LR), and changes in
neurological status were considered.

Results: Only one intraoperative screw breakage occurred and one case of loosening of sacral screws were
found at 12 months in one patient. No rod breakage, neither any screw/rod disconnection was found. Post-
operative RT has been performed in 19 patients. The overall number of progression of the tumour or LR
was 7. The actuarial rate of LR or progression of the tumour, calculated according to the Kaplan-Meier
method, was 17.6% at 12 months.

Conclusions: The CFR-PEEK fixation system is comparable to standard titanium system in term of
intraoperative complications, stability at weight bearing and at functional recovery. Thanks to radiolucency
CFR-PEEK stabilization devices are more suitable in patients eligible for RT: the absence of image artifacts
together with significantly less dose perturbation improve the treatment accuracy. Moreover the radiolucency

is useful in the follow-up of patients thus allowing early detection of LR.
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Introduction in primary tumors are affected by many factors such as
neurological status, histology, localization of the tumor,
stability of the spine and general condition of the patients.
metastatic lesion which represents the 97% of the tumors Consequences of untreated spinal tumor include severe

of the spine (1). The indication of surgery and its timing pain, fracture and spinal cord compression which represent

Primary tumors of the spine are rare if compared to
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a medical emergency (2).

En bloc resection is the treatment of choice of primary
malignant or aggressive benign tumors (3). This is a very
demanding and morbid surgical technique due to the
surgical complexity, requiring double or triple approach
and in any case the manipulation of more compartments
(4,5). This technique frequently requires the sacrifice of
functionally relevant structures like nerves, dura, vessels
resulting in functional loss. Moreover, en bloc resection
is not always feasible: a series of criteria of feasibility have
been proposed in order to achieve a tumor-free margin
specimen (6). Although technically feasible, sometimes this
procedure is not accepted by the patient even if associated
with a substantially reduced risk of local recurrence (LR)
and with a better final outcome. Intentional transgression of
oncological principles due to preserving function, incidental
transgression of the margins or impossibility of achieving
tumor-free margins due to lack of criteria of feasibility have
increased the indication to combine gross total excision
or en bloc resection with intralesional margins (separation
surgery) followed by radiotherapy (7).

In the treatment of LR, en bloc resection is associated
with lower effectiveness in local control (LC) therefore
morbidity and functional loss are less acceptable by the
patients. In these cases, intralesional excisions (from partial
curettage to gross-total excision) can be combined with
radiotherapy in order to achieve a better long term results
(8,9).

Conventional radiotherapy has traditionally been used in
the post-operative setting but, especially for some histotype
of tumor such as chordoma, has not been proven to be
affective treatment method (10,11).

Recently spine stereotactic body radiotherapy, carbon
ion therapy and proton therapy have been proposed for the
treatment of spine tumor with encouraging results (12). Data
suggest that the safety and LC with these techniques are
good, and a high degree of LC is seen even in patients who
have spinal metastases from tumors classified as radioresistant
(i.e., sarcoma) (13,14). As a result of these findings, the
concept of radioresistance is being reassessed.

When the radiotherapy is performed after surgery, the
presence of metal hardware can interfere due to the scattering
effects of ionizing radiations or particles, leading artifacts
during radiation imaging and therapy. The presence of a
high-Z material in an irradiated patient results in a reducing
radiation through the inhomogeneity as well as local
perturbations known as interface effects. Thus, imaging results
are affected by ferromagnetic artifacts and dose calculation is
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rendered inaccurate (15). The success or failure of radiation
therapy treatments depends upon the accuracy in which target
identification is correct and dose prescription is fulfilled. The
presence of cold spot of the prescription dose could result in
under-treating the disease with major risk of progression (16).
Moreover, there will obviously be significant benefits also in
defining the state of the disease detectable in TC and MRI
imaging follow-up of treated patients.

The use of PEEK embedded Carbon fiber cages has
been proposed in the spine surgery several years ago. This
material has proven to be biocompatible and to promote
bone fusion, thus resulting in excellent clinical outcome (17).
Moreover, their lower modulus of elasticity better matches
that of bone (18).

Recently a new fixation system (including rods and
screw) fully made in PEEK embedded Carbon fiber (CFR-
PEEK) has been proposed. The theoretical advantage of
this system is the low artifact level at imaging, therefore it
would be very useful to avoid any scattering effect during
radiotherapy. As a consequence, it is conceivable that a
higher dose can be forwarded to the tumor mass with lesser
or no irradiation of neighboring structures.

Methods

An ambispective study was performed on the first 22
consecutive primary tumor patients, treated in a single
institution from October 2014 to December 2016, who
underwent spinal surgery including a composite CFR-
PEEK fixation system (Carboclear™, produced by
CarboFix Orthopedics® Ltd., Herziliya, IL, USA).

The inclusion criteria were patients with primary tumor
in the thoracic and lumbar spine with skeletal-related
events, including severe pain, pathologic fractures and
epidural spinal cord compression. Patients with previously
radiated spinal lesions were also included in this study.

This study was approved by the Institute’s Ethical
Committee: the results of the prospective study on the first
15 patients were submitted to achieve the EC mark for the
implanted device.

Patients characteristic are summarized in Figure I.
Twelve patients were older than 60. Fixation was associated
to: (I) palliative surgery (decompression) in 3 cases; (II)
tumor intralesional excision (Debulking/Curettage) in 15;
(III) en bloc resection (extralesional removal of the whole
tumor covered by a continuous shell of healthy tissue
all around it) in 4. When reconstruction of the anterior
column was needed (12 cases), composite CFR-PEEK cage
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Characteristics Data
Male/female (n) 18/10
Mean age (range), year 55.9 [16-77]
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Figure 1 Patients’ characteristics at the baseline.

Table 1 Diagnoses of the patients classified according to Enneking

Staging System (19)

Primary tumors N
St. 3 Angioma 1
St. 3 Hemangioma 1
St. 3 Osteoblastoma 1
St. IB Epithelioid hemangioendothelioma 1

St. IB Chordoma 9 (all recurrent)

St. IB Chondrosarcoma 2 (1 recurrent)
St. IB Myoepithelioma 1 (recurrent)
St. 1IB Myopericytoma 1 (recurrent)
St. 1IB Osteosarcoma 2 (1 recurrent)
St. 1B Dedifferentiated liposarcoma 1 (recurrent)
St. 1B Fibrosarcoma 1 (recurrent)

St. IIB Ewing sarcoma 1 (recurrent)

was implanted in 4 cases, acrylic cement in 5 cases, titanium
cage in 2 and massive allograft in 1.

In all of the cases a histological diagnosis is available
(Table 1): 16 of the 22 were recurrent. All cases were
submitted to clinical and imaging studies including standard
radiograms, CT scan and MRI and primary tumors were
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staged according to Enneking staging system (19).

Extension of fixation ranged from 3 levels (2 couple of
screws, with or without anterior column reconstruction) to
9 levels. Total number of implanted screws was 167.

The construct involved the thoracic spine in 6, the
lumbar spine in 1, the thoraco-lumbar junction in 8, the
lumbo-sacral junction in 7.

The incidence of complications (intra- and postoperative),
LC and LR, and changes in neurological status were considered.
The neurologic function was evaluated according to the ASTA
score and the visual analogic scale (VAS) score for pain.

All the cases were submitted to post-op CT scan and
standard radiograms before discharge. Periodical follow-
up clinical and radiographic controls performed by the
surgeons’ team were performed at 3, 6, 12 months and each
year later to assess implant stability and possible tumor
recurrence.

When suitable post-operative radiotherapy with photons,
protons or carbon ion was performed, close contacts with
the radiation oncologists were kept in order to record their
opinion during treatment planning and execution.

Statistical analysis

The LR of the patients was analyzed by Kaplan Meier
method. Statistical analysis was performed using SPSS v.21.0
(IBM Corp., Armonk, NY, USA).

Results

All the cases were followed 3 to 28 months (mean 10 months).
Only one intraoperative complication occurred: a screw
breakage during the third surgical procedure of the series.
Weight-bearing was encouraged in the immediate post-
operative course for all the patients without orthosis.
Change in ASIA score and VAS score are summarized
in Table 2. No rod breakage, neither any screw/rod
disconnection was found during the considered follow-up
(Figures 2,3). One cases of loosening of sacral screws were
found at 12 months in one patient submitted to previous
surgery and revised with CFR-PEEK screws. This was a
multi recurrent malignant tumor and loosening was found
at the time of the LR provoking instability of the construct.

Post-operative RT has been performed in 19 patients.
In one case RT has been performed 2 times due to the
progression of the tumor.

The overall number of progression of the tumour or LR
was 7. In 6 of these cases the diagnosis was a recurrence,
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Table 2 Preoperative and postoperative ASIA score and VAS score in 1 case there was an osteosarcoma without the feasibility
Score Pre-operative Discharge criteria of en bloc resection therefore an intralesional
ASIA () excision follov&.fed by RT has been perforl'ned.
The actuarial rate of LR or progression of the tumour,
B ! ! calculated according to the Kaplan-Meier method, was
C 3 1 17.6% at 12 months (Figure 4).
D 5 6
E 25 26 Discussion
VAS (mean + SD/range) 2.7+2.3/0-8 0.3+0.6/0-2

The treatment of primary spine tumors is challenging and

Figure 3 Male, 56 years. (A) T7-T8 Chondrosarcoma Gr. 2 focally Gr. 1; (B) post-operative CT scan; (C) post-operative ASIA score E.
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Figure 4 Kaplan-Meier function of LR or progression of the
tumour in patients treated with CFR-PEEK fixation system.

when an en bloc resection is not feasible post-operative
RT is often mandatory in order to achieve a better LC.
Radiotherapy with particles (protons and ions) have gained
popularity due to its selectivity allowing delivery of a high
dose to the tumour (or tumour bed) sparing surrounding
healthy tissues. However, RT after a spine stabilization has
always been limited due to the metallic hardware used for
fixation or reconstruction.

The metallic hardware affects both the contouring
precision and the precise range calculation of delivered
particles, thus introducing a high degree of uncertainties in
calculating dose distributions. This represents a main issue
for the proximity of the spinal cord, leading to a further
decrease of the maximum deliverable dose of RT. Moreover
metallic implants significantly differ from normal tissues
in terms of density and composition producing substantial
perturbation effects. As a matter of fact, any metallic artifacts
following stabilization of the spine are a real challenge for the
correct planning and delivery of RT with the photons and
it prevents the use of RT with particles. In some series the
presence of metallic hardware was the strongest predictive
factor for LRs in spinal tumors treated with particle therapy
(20).

The main advantage of the composite CFR-PEEK
spine stabilization systems is its radiolucency that should
produce low artifact level at the imaging. If compared to
metal hardware, CFR-PEEK allows one to analyze a large
body segment and even to use particles for postoperative
radiotherapy without any perturbation of the images and
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interference of the beams with metallic material. The
carbonaceous orthopedic implants, thanks to their low
atomic number, have radiation properties similar to those
of biological tissues and, therefore, they are more suitable
to patient candidates for RT. Moreover experimental data
by Monte Carlo simulations and TLD measurements show
that carbon plates will neither increase the incident surface
dose, nor lead to the decrease of exit surface dose (the effect
of a second build-up) by using six MV photons (21).

The use of CFR-PEEK allowing a better postoperative
RT should lead to better results. In our series there were
7 LR with a rate of LR of 17.6% at 12 months, however,
it should be pointed that in all these cases an intralesional
excision or a palliative decompression has been performed
without curative intent. No LR has been observed in
patients in whom an en-block resection has been performed.

Radiolucency is helpful also during follow-up studies: if
compared to metallic hardware the CFR-PEEK allows an
optimal visualization of the bone and soft tissue structures
also in the close proximity thus helping to identify any early
tumor regrowth.

However CFR-PEEK also has some disadvantages: the
radiolucency can make more difficult the positioning of the
screws that cannot be verified using standard intraoperative
radiograms, while intraoperative CT scan allows for this.
Moreover, the rod contour cannot be modelled to fit the
screws on the operative field and a dedicated device is required
to connect a small component fixed on the rod into the screw
collar. All these issues make the surgical technique not user-
friendly. To overcome the intraoperative radiolucency, the
producer can provide both screws covered by a thin layer of
titanium or with a small reference point at the tip.

In our series, we report a screw breakage occurred while
replacing a thinner titanium screw without reaming the
pedicle with the diameter of the composite screw. It seems
that the resistance of the screws in CFR-PEEK to rotational
forces is lower than those in titanium therefore a proper
tapping is mandatory. However the mechanical properties
of the screws/rods construct of CFR-PEEK seems to have
at least the same mechanical performances of titanium: the
mechanical adverse events of this cohort of patients are
not superior to those commonly observed with titanium
implants.

Conclusions

Data from this preliminary report show that CFR-PEEK
fixation system is comparable to standard titanium system
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in term of intraoperative complications, stability at weight
bearing and at functional recovery.

Thanks to radiolucency, CFR-PEEK stabilization devices
are more suitable in patients eligible for RT: the absence
of image artifacts together with significantly less dose
perturbation improve the treatment accuracy. Moreover
the radiolucency is useful in the follow-up of patients thus
allowing early detection of LR.

The advantage of using CFR-PEEK composite implants
in terms of overall results and patients’ outcome needs to be
prospectively defined with larger patient series and longer
follow-up. In this perspective, even the final prognosis could
be positively affected by combination of less aggressive
surgery and appropriate courses of radiotherapy.
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