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Objective: Treatment of canine peripheral nerve sheath

tumours (PNSTs) is challenging and prognosis after

surgical resection is considered poor. The aim of this

study was to evaluate the feasibility and effectiveness of

stereotactic radiotherapy (RT) of these tumours.

Methods: 10 dogs with clinical symptoms and MRI

findings consistent with PNSTs of the brachial plexus,

branches and nerve roots were treated with linear

accelerator-based volumetric-modulated arc radiother-

apy (VMAT) with a dose of 35Gy/5 fractions. Clinical and

MRI follow-up examinations were planned and radio-

toxicity and survival times were investigated.

Results: Tumours involved the plexus and proximal

nerves in three dogs, the plexus, proximal nerves and

nerve roots in five dogs and the nerve roots and proximal

nerves in two dogs. Partial response and partial or

complete reductions of neurological deficits were

observed in all the treated dogs. Local recurrence was

observed in 9/10 of treated dogs. No symptom directly

referable to radiotoxicity was observed. Mean overall

survival of 371630 days [95% confidence interval (CI) of

(315–427)] and mean progression-free survival of 2406

30 days (95% CI of 188–291) from this work are

comparable with surgical literature data regarding the

plexus and proximal nerve localization, but are superior in

comparison with nerve root localization.

Conclusion: VMAT can be a safe and viable alternative to

surgery in cases of canine brachial plexus PNSTs in-

volving the proximal nerves and nerve roots.

Advances in knowledge: To our knowledge, this is the

first prospective observational clinical study regarding

VMAT stereotactic RT treatment for canine brachial

plexus PNSTs and suggests that VMAT may achieve at

least similar clinical outcome than surgery in a safer way.

INTRODUCTION
Peripheral nerve sheath tumours (PNSTs) are malignant
tumours of nerve sheath origin, frequently occurring in
dogs, particularly in the brachial plexus nerves (C6–T2),
although other nerves may be affected.1 Histologically, they
are described as heterogeneous neoplasms arising from the
cells surrounding the axons of the peripheral nerves
ranging from spindle cells in fascicles to sheets and cords of
pleomorphic cells.1,2 Canine PNSTs resemble malignant
PNSTs in humans, regarding both histology and
behaviour.3,4 In detail, PNSTs of the tract C6–T2 can be
classified as “peripheral” if involving nerves distal to the
brachial plexus, as “of the plexus” if involving the brachial
plexus itself and the emerging nerves from C5 to T2 distal
to the intervertebral foramina and as “of the roots” if in-
volving the dorsal or ventral roots within the spinal canal;
tumours involving more than one location are classified
according to their most proximal location.5 This kind of

tumour spreads both proximally and distally along the
nerve and may ultimately involve the spinal cord, causing
compression and associated neurological deficits.6 Metas-
tases are rare, although lung and uveal metastases have
been reported.5,7

Concerning several published articles regarding canine
PNSTs, no recent work has been conducted specifically
about the treatment of PNSTs. At present, surgery is con-
sidered the treatment of choice.4,8–12 However, the overall
prognosis for surgical management of canine PNSTs in-
volving the brachial plexus or its roots is deemed un-
satisfactory, with a median survival time of 12 months in
dogs affected by plexus tumours and of 5 months for root
tumours.5 Tumour recurrence occurs in 78% of cases, with
a relapse-free interval of 7.5 months for surgically treated
dogs for plexus tumours and of 1 month for plexus and
root tumours.5 Recurrence is mainly caused by the
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impossibility of performing a wide resection owing to the
closeness of critical structures such as the spinal cord, meninges,
spinal vessels and vertebrae.13–15 To the authors’ knowledge,
there have been no studies either evaluating the efficacy of ad-
juvant treatments, particularly chemotherapy or radiotherapy
(RT), in the management of brachial plexus and root tumours,
or regarding curative-intent RT.

Thanks to the advent of new and refined irradiation techniques
[intensity-modulated radiotherapy, volumetric-modulated arc
radiotherapy (VMAT) etc.], lesions affecting critical neural
structures can now be better addressed16 with RT.

In particular, VMAT has been successfully used in veterinary
medicine for the treatment of meningiomas, gliomas, cervical
paragangliomas and rabbit thymomas, allowing a highly con-
formal dose distribution within a short beam time compared
with cone beam-based delivery when multiple isocenters are
necessary owing to tumour shape complexity.17–26

The aim of this work was to evaluate the feasibility and effec-
tiveness of curative high-dose hypofractionated frameless VMAT
in canine brachial plexus PNSTs, paying particular attention to
any improvement in local tumour control and damage of critical
structures compared with surgical resection.

METHODS AND MATERIALS
The study and RT treatment protocol were approved by the local
scientific ethics committee. Informed consent regarding all di-
agnostic examinations of all dogs included in the study was
obtained from the owners prior to any clinical evaluation.

A prospective single-institution clinical research study was
conducted from October 2010 to December 2013 on client-
owned dogs suffering from brachial plexus PNSTs.

Inclusion criteria to be admitted to the study were: normal
minimum diagnostic tests including complete blood cell count
and biochemistry panel and a presumptive, imaging-based di-
agnosis of PNST assessed by a radiologist (MD).

No biopsies were performed.

Neither the severity of neurological symptoms nor the admin-
istration of any symptomatic medical therapy before diagnosis
was used as an exclusion condition.

Each dog was filmed and the results of neurological examina-
tions were recorded as a reference for subsequent follow-up. All
the neurological examinations were performed by the same
clinician (MD). Lameness score (0–4) was attributed according
to the clinical lameness scoring system for assessment in
dogs.31,32 Neurological alterations were graded according to lo-
calization and severity.

For the diagnostic investigation, animals were anaesthetized by
means of propofol (Proposure; Merial Italia spa, Milan, Italy)
and maintained on a constant rate infusion. All dogs underwent
endotracheal intubation and were ventilated with 100% oxygen

and positioned in dorsal recumbency and were pre-medicated
with a combined protocol of dexmedetomidine (3mg kg21)
(Dexdomitor; Orion Pharma, Espoo, Finland) and methadone
(100mg kg21) (Epthadone; Molteni Farmaceutici, Granatieri
Scandicci, Italy). The presumptive diagnosis of PNST was de-
veloped on the basis of clinical history, neurological and or-
thopaedic examination and spine and plexus MRI.27,28

The most peculiar clinical aspect of brachial plexus tumour was
unilateral forelimb progressive lameness with monoparesis and
muscle atrophy.5 The MRI criteria supporting PNST diagnosis
were either the presence of a nodule in the axilla along the
nerves of the brachial plexus or the presence of diffuse or focal
thickening of the brachial plexus or its nerve roots.9,29,30

The MRI examinations were conducted using a 1.5-T super-
conductive whole-body MRI (Intera 1.5T; Philips Medical Sys-
tems, Eindhoven, Netherlands) scanner with gradients of
70mTm21. A quadrature spine coil was used. The MRI protocol
provided the following scan sequences: a turbo spin-echo T2
weighted (TSE T2w) pulse sequence with repetition time (TR)
3500ms, echo time (TE) 130ms, two number of excitations
(NEX) and 10243 512 matrix oriented along the sagittal plane;
a short tau inversion-recovery (STIR) sequence with TR
2500ms, TE 150ms, inversion time 50ms, two NEX and
10243 512 matrix oriented along the sagittal, dorsal and
transverse planes; a T1 weighted contrast-enhanced spin-echo
sequence with TR 450ms, TE 5ms, two NEX and 10243 512
matrix oriented along the sagittal and dorsal planes; and a con-
trast-enhanced fast-field echo T1 weighted (FFE T1w) sequence
with TR 450ms, TE 5ms, two NEX and 5123 512 matrix ori-
ented along the transverse plane. Slice thickness was set at 2mm
without any intersection gap. For post-contrast images,
0.5mmolml21 of gadodiamide (Omniscan; GE Healthcare,
Milan, Italy) was administered at a dose of 0.2ml kg21 in the
cephalic vein. The injection was performed using a high-
pressure injection system (Medrad Spectris, Volkach, Germany)
with a standardized infusion rate of 3ml s21 and acquisition
time of 5min post-injection.

Typically, PNST shows hyperintensity to muscle on T2w images
and isointensity on T1w images, with different degrees of ho-
mogeneous or heterogeneous contrast enhancement following
gadolinium intravein administration (Figures 1–3).29,30

Brachial plexus tumours were classified as peripheral, of the
plexus and proximal nerves and of the roots of the plexus, as
described elsewhere.5,30

For the RT treatment, a standardized patient-positioning technique
was developed: every dog was provided with a wooden cradle
containing a vacuum mattress. Careful attention was paid during
patient positioning in order to obtain a correct dorsal recumbence,
with the head naturally extended and forelimbs taped together and
placed caudally with the tip of the nails tangential to the xiphoid
process. A typical patient setup is shown in Figure 4.

The virtual simulations for RT planning were performed within
1 week following the diagnostic MRI using a multidetector CT
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scanner (CT Brilliance; Philips Medical Systems, Eindhoven,
Netherlands).33 The parameters used for the CT simulation
were: 200mA, 120 kV, pitch 0.6, rotation 1 s and slice thickness
1.5mm. The provisional isocentre was marked with three ra-
diopaque fiducials on the wooden cradle.

Fusion of the dedicated MRI and CT scans was performed with
a semi-automated protocol using dedicated software (Focal®;
Elekta, Stockholm, Sweden).

For well-demarcated tumours, the gross tumour volume (GTV)
was defined by contouring the area of signal and structure ab-
normality in STIR or FFE T1w contrast-enhanced pulse
sequences. For infiltrating tumours, the GTV encompassed all
areas of signal abnormality in fluid-attenuated inversion-
recovery or TSE T2w pulse sequences. Clinical target volume
(CTV) was defined by adding 2 cm to the GTV along the in-
volved nerves or plexus but excluding the spinal cord. Planned
tumour volume (PTV) was defined by expanding the CTV 5mm
in all directions. The expansions of the CTV to PTV were
limited by the spinal cord, but encompassed other nerves
proximal to the brachial plexus. The contoured organs at risk
(OARs) were the spinal cord, trachea, oesophagus, shoulder
and lungs.

The OAR dose constraints were derived from the human ones
described by the American Association of Physicists in Medicine
Task Group 101 report.34

RT treatment was administered using an Elekta Synergy S linear
accelerator equipped with a micromultileaf beam collimator
(Elekta Beam Modulator EBM®) and an XVI cone-beam CT
(CBCT) system. The prescribed dose to the PTV was 35Gy

delivered in five fractions on alternate days. VMAT treatments
were planned using a Monte Carlo statistical algorithm and the
CMS Monaco 3.0 treatment planning system.

For all patients, a specific plan was elaborated with a single 360°
arc optimized over continuous dose rate variation, leaf position
and gantry rotational speed to obtain target coverage and OAR
sparing. The plan quality was evaluated by means of standard
dose volume histograms In detail, the degree of PTV coverage
was considered acceptable when the V95% and V107% levels (the
PTV receiving ,95% and .107% of the prescription dose)
were, ,4% and 2%, respectively.

Treatment feasibility was evaluated by checking the agreement
between planned and delivered doses through an “in air”
“patient-based” quality assurance procedure using the Elektai
View amorphous silicon electronic portal imager device and
Math Resolutions Dosimetry Check (DC) system software be-
fore giving the treatment to the patient. An additional absolute
dose comparison was performed using the ScandiDos Delta4
system. In both cases, the agreement was to analyze using
a gamma (g) function,35,36 with a dose agreement of 3% and
distance to the agreement of 3mm, with acceptance criteria of
g, 1 for .95% of the comparison points. Delivery time, de-
fined as the approximate time needed in the linear accelerator
“beam-on” phase, was also investigated. Patient setup re-
producibility was evaluated for each treatment session using the
XVI CBCT. In detail, the discrepancy between the XVI CBCT
and the simulation CT was considered acceptable, if the dis-
placement did not exceed 2mm in any direction. When dis-
crepancies were found to be .2mm and up to 5mm, table
movements were performed in accordance with the XVI CBCT
software results. When discrepancies were found to be .5mm,

Figure 1. Dog no. 3 (a female mixed breed, 8 years of age): transverse MRI fast-field echo contrast-enhanced axial scan at C5–C6 at

the level of peripheral nerve sheath tumour entering the corresponding neuroforamen (a); colour wash dose distribution (b);

response 6 months after the end of the treatment (c).
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the patient was repositioned in the cradle and XVI CBCT was
repeated to check the patient setup again; if agreement was still
not achieved, the whole treatment procedure was repeated
starting from the CT simulation.

Neurological and clinical examinations were performed on
a daily basis during the irradiation treatment period, and then
weekly for the first month. Eventually, monthly examinations
were performed with regard to deambulation, involving limb
dysfunction, lameness or paresis after the first month. The need

for ancillary medications, in particular corticosteroids, was
recorded.

With regard to the imaging response assessment protocol, serial
MRI examinations were performed 2 months after irradiation
and planned at 4, 6, 9, 12, 18 and 24 months. Moreover, if
dictated by the clinical conditions, additional MRI examinations
were scheduled. All MRI scans were performed using the same
scanner and parameters used at diagnosis for comparison pur-
poses. In particular, volumetric disease variation was analyzed.

Figure 2. Dog no. 7 (a female Labrador, 10 years of age): above, transverse MRI short tau inversion recovery scans, below, fast-field

echo contrast-enhanced scans at C6–C7, at diagnosis (a, d), after 12 months (b, e) and after 16 months (c, f).
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Other parameters evaluated by interobserver agreement were
changes in the signal intensity of the tumour and of the spinal
cord on TSE T2w pulse sequence (TR 3500ms, TE 130ms, two
NEX and 5123 512 matrix) and fluid-attenuated inversion-
recovery pulse sequence (TR 3000ms, TE 150ms, inversion time
50ms, two NEX and 5123 512 matrix), contrast uptake of the
tumour on FFE T1w pulse sequence (TR 450ms, TE 5ms, two
NEX and 5123 512 matrix) and the presence of a mass effect.

Specific response evaluation criteria were established to assess
disease regression after irradiation.37 The volumetric MRI
evaluation was performed according to response evaluation
criteria in solid tumours categorization and implemented with
clinical follow-up examinations.38,39

The categorical assignment was determined as follows. Patients
were ascribed to the complete response group when the

disappearance of all measurable enhancing tumours was ob-
served, and stable or improved clinical status was achieved
without corticosteroid administration.

Patients were ascribed to the partial response group when vol-
umetric reduction on MR images was found to be $30%, and
stable or improved clinical status was achieved with stable or
decreased corticosteroid administration. Patients were ascribed
to the stable disease group when volumetric reduction on MR
images was found to be #30% or when the volumetric increase
was found to be #20%, and stable or improved clinical status
was achieved with stable or decreased corticosteroid adminis-
tration. Patients were ascribed to the progressive disease group
when either the appearance of one or more new lesions or
volumetric increase was $20% or clinical deterioration was
observed.

Radiation toxicities were evaluated clinically and graded
according to Veterinary Radiation Therapy Oncology Group
criteria.40

Overall, disease-specific and progression-free survival was es-
timated using the Kaplan–Meier curve analysis method. In
particular, all deaths were considered events, while loss to
follow-up or being alive at the time of data analysis warranted
censoring. Deaths from PNSTs were also grouped as tumour
dependent (recurrence or progression), radiation damage de-
pendent and radiation damage independent. Median overall
survival time and the 95% confidence interval (CI) were cal-
culated considering the time to the event starting from the end
of the radiation therapy.

RESULTS
10 dogs were enrolled in the study: 6 intact males and 4 females.
The cohort included three Labrador Retrievers and seven
middle-sized mixed breeds. The median age at diagnosis was
9 years (mean 9.3 years; range 7–13 years).

Figure 3. The same dog as in Figure 2: colour wash representation of dose distribution. GTV, gross tumour volume.

Figure 4. Typical patient setup: in the photograph, both the

wooden cradle and the vacuum bag with the patient who is

anaesthetized are visible.
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The presenting complaints at the first clinical examination were:
lameness (Grade 3 or 4) and monoparesis (in 9/10 dogs), tet-
raparesis (in 1/10 dogs), muscular atrophy (in 7/10 dogs), ax-
illary pain (in 6/10 dogs), neck pain (in 3/10 dogs) and Horner
syndrome (in 3/10 dogs). In all affected dogs, the involved
structures of the brachial plexus were enlarged, hyperintense in
T2W pulse sequences and showed a contrast enhancement.

In detail, in three dogs, the tumour involved the brachial plexus
and proximal nerves, with evidence of a nodular enlargement. In
five dogs, the plexus, proximal nerves and roots were involved,
with nodular enlargement of the plexus and diffuse thickening
with hyperintensity in STIR sequence and contrast enhancement
of the affected roots. In two dogs, the roots and spinal nerve
proximal to the brachial plexus were evident, with a nodular
enlargement of the affected roots determining a severe intradural
compression on the spinal cord. The localization was C6 on the
left side in one dog, C6–T1 in four dogs (three left, one right),
C7–T1 in three dogs (two right, one left) and T1–T2 in two dogs
(one right, one left).

No abnormalities were detected in the serum and complete
blood cell count.

Regarding the tumour size, the largest diameter of the GTV in
one dog was ,1 cm, between 1.1 cm and 2 cm in four dogs,
between 3.1 cm and 4 cm in three dogs and .4 cm in two dogs.
Mean GTV measured at the first CT simulation time was 8.2 cm3

(range 2.7–33.1 cm3) and mean PTV was 114 cm3 (range
28.4–244.9 cm3).

The RT prescription was 35Gy in five fractions given every other
day. The RT treatments were planned with one 360° arc. The
mean monitor units were 23006 500MU, while the mean
control points, delivery time and modulation degree were 1376
5, 2306 30 s and 2.36 0.4, respectively. Only 8/10 plans ful-
filled the PTV and the OAR constraints; 2 plans regarding dogs
with nodular enlargement of the root required a recalculation
with a reduced prescription (33 and 31Gy) owing to the un-
acceptable dose delivered to the spinal cord.

The 95% isodose volume coverage (V95%) was 97.16 0.3% for
the GTV and 96.86 1.4% for the PTV. High 107% isodose
volume coverage (V107%) was 1.76 0.3% for the GTV and 0.36
0.5% for the PTV. Agreement between planned and delivered
doses measured using the DC system showed a mean value of
976 2% for g, 1 confirming the feasibility of the treatment.
Similarly, the quality assurance check performed by the Delta 4
system resulted in a 966 1% value, confirming a valid agree-
ment between the two methods and between the planned and
delivered doses.

The analysis related to the setup reproducibility showed no
systematic errors. In particular, the mean values of the mean
shift for each dog for the x, y and z directions were 0.16
0.6mm, 06 0.8mm and 0.16 0.8mm, respectively. All of the
mean displacements were compatible with the zero hypothesis
and in no case was there a need to repeat the whole treatment
procedure starting from the CT simulation.

Table 1 shows the data obtained in plan optimization. In Table 2,
the data on setup reproducibility evaluation are reported. Each
data point in Table 2 represents the mean, for each patient, over
all of the sessions for displacement along that axis.

Figure 2 shows the dose distribution and the dose–volume
histogram for a representative case. Similar results were obtained
for all patients.

All dogs completed the RT course. No acute effects directly re-
ferable to the treatment were recorded. All dogs underwent the
planned clinical and MRI follow-up examinations.

During the follow-up period, improvement or normalization of
neurological status was observed in all dogs. Partial response was
obtained in all treated dogs. MRI examinations performed
during follow-up revealed a reduction in tumour volume and
a progressive reduction of contrast enhancement (Figures 1–3).
A slight muscular hyperintensity in the STIR pulse sequence
within the irradiation field was observed. Local recurrences were
observed in 9/10 patients, with a representation of the previous
complaints. Mean progression-free survival time was 2406
30 days (95% CI 188–291 days). At the time of writing, only one
dog was alive, 452 days after the end of the treatment. Eutha-
nasia due to clinical symptoms related to PNST recurrence was
the cause of death for all the other dogs included in this study.
Mean overall survival was 3716 30 days (95% CI 315–427 days).
The Kaplan–Meier analysis data are reported in Table 3, while the
relative curves are shown in Figure 5.

DISCUSSION
To the authors’ knowledge, this is the first prospective obser-
vational clinical study regarding VMAT stereotactic RT for ca-
nine brachial plexus PNSTs. The technical difficulties in treating
small, highly malignant tumours close to critical structures were
addressed using VMAT.40,41 The Monte Carlo statistic calcula-
tion algorithm improved dose calculation at various tissue
interfaces, where wrong doses could be generated by a standard
calculation algorithm.

No relevant data regarding canine PNST sensitivity to RT exist.
The radiation dose was selected considering the putative toler-
ance of the critical structures near the field of irradiation, par-
ticularly the spinal cord. The prescribed dose was, in fact,
reduced in two cases owing to the presence of the spinal cord
within the field of irradiation and this could represent a bias in
the survival curve analysis.

A good-quality treatment plan was achieved, as shown in
Table 1, where both target coverage and OAR sparing were
obtained. Owing to the small target volume, the concordance
between prescribed and delivered doses is a fundamental pa-
rameter in the irradiation of canine PNSTs using typical VMAT
sharp-dose gradients. Delta 4 and DC system demonstrated the
treatment feasibility, as shown in Table 1. From Table 1 is also
annotable the delivery time is very short and this makes fast
processing with reduction of the sedation 10 times for each
fraction compared with other RT techniques like non-coplanar
stereotactic cone treatment.
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Important data, such as the operative criteria in the definition of
GTV, CTV and PTV, have never been codified. In this study, we
considered the GTV as the volume of enlarged or altered signal
neural structures. The expansion of GTV to CTV was 2 cm
because this was considered sufficient to encompass microscopic
disease along the neural structures, withholding the spinal cord
and isotropic expansion. The expansion of 5mm from CTV to
PTV was considered sufficient to address setup uncertainties.

No adverse effects were detected and a consistent improvement
of the affected limb functionality was observed after the treat-
ment. Pain elicited by palpation of the involved region dis-
appeared after RT. In particular, the lameness score passed from
Grade 3 or 4 in all the patients to Grade 2 or 4 in three patients
and Grade 1 or 4 for the remaining seven dogs. No corticoste-
roid was administered. This could also be related to the small
setup margin from the CTV to the PTV that we adopted in our
study. This was possible owing to the accuracy and setup
reproducibility shown by the displacement analysis for our
immobilization system that is composed of a vacuum lock

inserted into a home-made cradle (Table 2). These results sug-
gest that VMATmodality, for this pathology, allows a larger dose
to be delivered to the target resulting in a higher tumour control
probability with reduced normal tissue compliance probability.
Moreover, hypofractionation has a better manageability, re-
ducing the number of sitting sedations.

Frameless stereotactic RT demonstrated therapeutic efficacy with
a consistent improvement in both life quality and expectancy
compared with literature data.4,12,42–44 In a retrospective study,
median survival time for dogs affected by plexus tumours was
360 days, and median survival time for root tumours was
150 days. Tumour recurrence occurred in 78% of cases affected
by root and plexus tumours, with a relapse-free interval of
225 days for surgically treated plexus tumours and 30 days for
root tumours.5 In our study, we observed local recurrence in
90% of treated dogs; mean overall survival was 371 days and
progression-free survival was 240 days (Figure 5). Our results are
comparable with those of the retrospective study concerning
tumours with plexus localization; but, on the contrary, they are

Table 1. Plan optimization and agreement between planned and measured dose results

Dog
V95%

PTV
V107%

PTV
MU CP

Mod.
degree

Delivery
time

DC
agreement

Delta 4
agreement

1 95.5 1.15 2125 135 2.2 199 98.7 98.4

2 96.4 0.18 1653 128 1.8 234 96.4 95.7

3 99.85 0.04 2425 137 2.2 208 99.3 95.3

4 96.3 0.1 2651 139 2.4 239 96.1 97.4

5 95.9 0.85 1581 141 1.8 178 98.3 97.2

6 96.7 0.01 2861 145 2.8 265 95.4 96.4

7 96.9 0.05 2164 131 2.1 229 95.3 96.4

8 96.4 0.08 2997 144 2.9 272 95.9 96.2

9 95.8 0.98 2067 134 2.1 227 97.1 96.2

10 98.7 0.04 2169 137 2.2 205 99.1 95.2

CP, Control Points; DC, Dosimetry Check; MU, monitor units; PTV, planned tumour volume.

Table 2. Setup reproducibility analysis

Dog Mean x shift (mm) Mean y shift (mm) Mean z shift (mm)

1 0.6 0.5 21.1

2 20.4 0.6 0.7

3 0.5 20.2 0.4

4 0.8 0.3 0.9

5 20.7 20.7 20.8

6 20.3 20.4 0.8

7 0.4 0.8 0.9

8 0.6 21.3 20.5

9 0.4 20.9 0.7

10 20.9 1.1 21
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superior in brachial plexus PNST with root localization. In the
same article,5 it is also reported that plexus and root tumours
usually involve several nerves in a plexus, although all nerves
may not appear affected at the time of surgery. Limb amputation
must be radical with total excision of the involved tissues, but
this could be hardly possible if the intracanalar portion of the
tumour is located ventrally to the spinal cord or invades the cord
parenchyma. The adequacy of resection based on histopatho-
logical examination can often be difficult, because en bloc or
wide-margin surgical resection is almost impossible.5

Early reports on canine PNSTs describe this pathology as a be-
nign and surgically correctable condition.45 Literature data and
the present study disagree with this assumption.4,42–44

Repeated surgery in the retrospective study did not elicit a significant
benefit. Among our patients, only one dog was reirradiated, gaining
2 more months of good quality of life. The absence of radiotoxic

effects in our work could also be related to a too little life span to
develop late damage to the spinal cord or a subjective superior
tolerability of the spinal cord to radiation; if this assumption was
confirmed, a dose escalation trial to assess any correlation between
the response and dose could be performed in future.

Furthermore, the present work is the first prospective study in
dogs where MRI was used to evaluate tumour response to ir-
radiation. The systematic protocol for scheduled MRI exami-
nations regarding every change in the post-treatment clinical
presentation allows clinicians to gather interesting information
about the history of irradiated PNSTs. The most common ra-
diological finding for all patients who were irradiated was a re-
duction in tumour volume, with progressive shrinkage of the
mass and a reduction of the mass effect.

The limitations of this prospective study are the lack of histo-
pathological confirmation and immunohistochemical or molecular

Table 3. Data for the Kaplan–Meier analysis. The only censored data are for the 10th patient

Dog Overall survival (days) Progression-free survival (days)

1 179 98

2 265 141

3 345 201

4 377 227

5 381 233

6 397 239

7 418 282

8 423 288

9 446 295

10 482 392

Figure 5. Kaplan–Meier curve analysis: the overall survival curve is in black and the progression-free survival is in red.
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tests. No dogs were available for necroscopy to confirm the pres-
ence or absence of radiation effects or tumour regrowth. However,
the presumptive imaging-based diagnosis of PNST, formulated for
each patient by MD, correlated with the presumptive orthopaedic
and neurological symptoms, is considered a valid method to detect
PNSTs.6,9

CONCLUSION
In conclusion, this study shows that VMAT hypofractionated
RT is a feasible and effective therapeutic option for canine
brachial plexus PNSTs. Although overall survival is comparable

with or superior to surgical case series, the treatment of this
disease remains challenging. In cases of PNSTs involving the
brachial plexus and proximal nerves or the roots, VMAT
hypofractionated RT could be suggested as a standard treat-
ment alternative to surgery that is not always a practicable
solution. In future, an escalation dose protocol or a combined
protocol with chemotherapy should be evaluated. Finally, the
data regarding survival analysis also present a bias due to
reirradiation of two dogs and a non-uniform dose between all
the dogs. Further data will give more accurate results and
a better volume response assessment.
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