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Objective Stereotactic radiosurgery (SRS) of the spine is a conformal method of delivering a high radiation dose to a
target in a single or few (usually ≤ 5) fractions with a sharp fall-off outside the target volume. Although efforts have been
focused on evaluating spinal cord tolerance when treating spinal column metastases, no study has formally evaluated
toxicity to the surrounding organs at risk (OAR), such as the brachial plexus or the oropharynx, when performing SRS
in the cervicothoracic region. The aim of this study was to evaluate the radiation dosimetry and the acute and delayed
toxicities of SRS on OAR in such patients.
Methods Fifty-six consecutive patients (60 procedures) with a cervicothoracic spine tumor involving segments within
C5–T1 who were treated using single-fraction SRS between February 2006 and July 2014 were included in the study.
Each patient underwent CT simulation and high-definition MRI before treatment. The clinical target volume and OAR
were contoured on BrainScan and iPlan software after image fusion. Radiation toxicity was evaluated using the common
toxicity criteria for adverse events and correlated to the radiation doses delivered to these regions. The incidence of vertebral body compression fracture (VCF) before and after SRS was evaluated also.
Results Metastatic lesions constituted the majority (n = 52 [93%]) of tumors treated with SRS. Each patient was treated with a median single prescription dose of 16 Gy to the target. The median percentage of tumor covered by SRS was
93% (maximum target dose 18.21 Gy). The brachial plexus received the highest mean maximum dose of 17 Gy, followed
by the esophagus (13.8 Gy) and spinal cord (13 Gy). A total of 14 toxicities were encountered in 56 patients (25%) during
the study period. Overall, 14% (n = 8) of the patients had Grade 1 toxicity, 9% (n = 5) had Grade 2 toxicity, 2% (n = 1) had
Grade 3 toxicity, and none of the patients had Grade 4 or 5 toxicity. The most common (12%) toxicity was dysphagia/odynophagia, followed by axial spine pain flare or painful radiculopathy (9%). The maximum radiation dose to the brachial
plexus showed a trend toward significance (p = 0.066) in patients with worsening post-SRS pain. De novo and progressive VCFs after SRS were noted in 3% (3 of 98) and 4% (4 of 98) of vertebral segments, respectively.
Conclusions From the analysis, the current SRS doses used at the Cleveland Clinic seem safe and well tolerated at
the cervicothoracic junction. These preliminary data provide tolerance benchmarks for OAR in this region. Because the
effect of dose-escalation SRS strategies aimed at improving local tumor control needs to be balanced carefully with associated treatment-related toxicity on adjacent OAR, larger prospective studies using such approaches are needed.
https://thejns.org/doi/abs/10.3171/2016.10.FOCUS16364
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ccording to the National Cancer Institute Surveillance, Epidemiology, and End Results (SEER 17
registry) database, the number of new cancer patients (across all ages and sites) is likely to be 2.8 million
in 2050, compared with 1.62 million in 2010.25,57 With ad-

vances in the management of a variety of systemic cancers,
there has been an improvement in overall patient survival
and an anticipated associated increase in the incidence of
metastatic disease. Approximately 40%–50% of these patients with systemic cancer are likely to develop bony spi-

Abbreviations EBRT = external-beam radiation therapy; IMRT = intensity-modulated radiation therapy; OAR = organ(s) at risk; RT = radiation therapy; RTOG = Radiation Therapy Oncology Group; SRS = stereotactic radiosurgery; VB = vertebral body; VCF = vertebral body compression fracture.
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nal metastases,56,58 and 10% to 20% of them are likely to
suffer symptoms of spinal cord compression.29,46,48 Axial
back pain is the most frequent presenting symptom in patients with osseous spinal metastasis;56 other clinical manifestations include radiculopathy and symptoms of spinal
cord compression (motor weakness, sensory and sphincter
disturbances), which have a significant effect on quality of
life in patients with spinal metastasis. Early and aggressive management of spinal metastases has been shown to
result in the alleviation of axial back pain and other neurological symptoms and an improvement in overall quality
of life.23
In 1996, Hamilton et al.21 pioneered the use of conventional linear accelerators to deliver stereotactic radiosurgery (SRS) for the treatment of spine lesions. Furthermore, advances in neuroimaging techniques, software
applications, target tracking, and a variety of radiationdelivery platforms have led to the widespread use of SRS
in managing patients with extracranial lesions, including
spinal metastasis.7,26,37,38,46,50 Also, 3D treatment planning
for radiation therapy (RT) has enabled quantitative correlation of radiation dosimetric parameters with clinical
outcomes and provided a better understanding of the treatment profile. Spine SRS provides precise and conformal
high-dose radiation to a tumor in a single or few (usually
≤ 5) fractions with a sharp fall-off outside the target volume. Although higher radiation doses have been shown to
improve local control rates,32 they also increase the risk of
radiation-induced injury to surrounding critical structures
at the corresponding level.18,19
There is paucity of literature regarding guidelines for
predicting the relative safety of treatment plans in regard
to surrounding organs at risk (OAR).35 Although efforts
have been focused on evaluating spinal cord tolerance
when treating spinal column metastases, no recommendations exist for partial-volume tolerance of the nearby
OAR, such as the brachial plexus and oropharyngeal
structures (larynx, trachea, and esophagus), during SRS
in the cervicothoracic region. The aim of our study was to
evaluate the radiation dosimetry and acute and delayed effects (toxicity) of SRS on the spinal cord, larynx, trachea,
esophagus, and brachial plexus in 56 consecutively treated
patients with a cervicothoracic spine tumor. We also evaluated the incidence of vertebral body (VB) compression
fractures (VCFs) after SRS in these patients.

Methods

Patient Characteristics
After being approved by the IRB at the Cleveland
Clinic, this retrospective study was performed for patients
treated at the Cleveland Clinic from February 2006 to July
2014. Clinical data were collected retrospectively from the
electronic medical records of the patients who underwent
single-fraction SRS to the cervicothoracic spine (between
C-5 and T-1). All consecutively treated patients with a lesion that involved 1 or more contiguous spinal segments
between C-5 and T-1, with or without spinal cord compression, were included in the study. Patients who had undergone previous external-beam radiotherapy (EBRT) to
the cervicothoracic region or SRS involving other remote
2

spinal levels were not excluded from the study. Patients
who had undergone previous SRS in the C5–T1 region
were excluded. A total of 56 patients met the eligibility
criteria. Patient follow-up typically occurred 1 month after
SRS and subsequently every 3 months to assess treatment
response and adverse effects of therapy.
Image Acquisition and Analysis
Both CT simulation scans (1.5-mm-thick contiguous slices) and high-definition MR images (1.5-mm slice
thickness) (Siemens AG) were acquired in all patients.
Cervical spine MRI with axial T1-weighted, T2-weighted,
and short T1 inversion-recovery images was performed
for planning. All patients underwent CT simulation in the
supine position, and a 5-point mask (Orfit Industries) was
used to immobilize the spine and ensure optimal reproducibility of the spinal anatomy on the day of treatment.
MR images were then fused to the CT simulation scan
using iPlan software (Brainlab AG) to delineate the tumor
and critical organs.
Radiosurgical Target, OAR Volumes, and Toxicity
The clinical target volume was defined according to
the guidelines proposed by the International Spine Radiosurgery Consortium11 and included VBs, lamina, pedicles,
and spinous processes, depending on the extent of tumor
involvement in these elements. When present, paraspinal
or epidural extension of the tumor seen on imaging was
treated along with the involved spinal segments.
The OAR contoured in our study included the spinal
cord, larynx, trachea, esophagus, and brachial plexus. The
spinal cord was contoured 2 slices above and 2 slices below (3–4 mm in each direction) the superior- and inferiormost extent of the spinal column target.43 The brachial
plexus was contoured as described by Hall et al.,20 and
other OAR were contoured as described by Eisbruch et
al.14: the larynx was contoured as a single structure from
the beginning of the epiglottis to the superior edge of the
cricoid cartilage, the trachea was contoured from the inferior edge of the cricoid to approximately 1–2 cm inferior
to the tracheal bifurcation, and the esophagus was contoured from the inferior edge of the cricoid to approximately 1–2 cm inferior to the tracheal bifurcation at its
lowest point. OAR and tumor contours were verified for
accuracy by the treating radiation oncologist and neurosurgeon and, when there was possible uncertainty, a radiologist, thus maintaining uniformity in terms of contours
in all our patients (Figs. 1 and 2).
Acute radiation toxicity was evaluated using the National Cancer Institute’s common toxicity criteria for adverse events, and results of that evaluation were recorded
for each patient during follow-up.3 Acute or delayed toxicity to each of the OAR was evaluated and correlated to the
radiation doses delivered.
Radiosurgical Procedure
A majority of spine SRSs were performed using a
Novalis classic Shaped-Beam, Novalis Tx (Brainlab),
or Edge (Varian Medical Systems, Inc.) radiosurgery
system, as described in other reports.31,40,61,62 Treatment
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Fig. 1. CT images of contours of tumor volume and OAR on a 3D reconstruction image (A) and in axial (B), sagittal (C), and coronal (D) views in a patient with a cervicothoracic tumor.

planning was performed using BrainScan (Brainlab) and
iPlan (Brainlab) or Pinnacle (Philips Radiation Oncology Systems) software. The ExacTrac system (Brainlab)
or cone-beam CT scans were used for frameless imageguided positioning and targeting before treatment deliv-

ery.28,42 The ExacTrac system involves 2 infrared cameras
that track the position of 6–7 infrared markers applied
asymmetrically to the patient’s body, which aids in localization.60
The conformality index (prescription isodose volume/

Fig. 2. CT image (axial view) of the isodose distribution (right) and 3D CT reconstruction image of beam projections to the tumor
volume (left) in a patient with a cervicothoracic tumor.
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target volume) and heterogeneity index (maximum dose/
prescribed dose) were calculated for each patient. The prescription dose at the Cleveland Clinic increased gradually
from 14 Gy (initial part of the series) to 16 Gy after emerging data on the safety and efficacy of SRS; therefore, the
median prescription dose in this cohort was 16 Gy. Other
dosimetric parameters and planning techniques have remained largely the same.
An inverse-planning algorithm built into the computational software (Brainlab) and Pinnacle (Philips Radiation
Oncology Systems) was used to achieve the desired dose
distribution. The resultant dose-volume histograms for the
target and the OAR were used to evaluate the treatment
plan. The dose parameters used to evaluate toxicity were
the radiation dose (Gy) to 0.1-, 1-, 2-, and 5-cm3 of OAR.
Volumes of OAR that received more than 10 Gy of radiation and the mean maximum dose received by the OAR
were also recorded.
Vertebral Body Compression Fracture Data
VCF was assessed at the anterior, middle, and posterior
body levels as described by Adams et al.1 using preprocedure and postprocedure sagittal MRI scans. The reference
VB height measurement was taken from the closest/adjacent normal VB. A decrease in VB height of 20%–25% in
any of the 3 columns (anterior, middle, and/or posterior)
was recorded as a Grade 1 VCF, a 25%–40% decrease in
the anterior, middle, and/or posterior height as a Grade 2
VCF, and a > 40% decrease in the anterior, middle, and/or
posterior height as a Grade 3 VCF. The highest grade collapse at a particular vertebral level was used in the analysis.
Statistical Analysis
Microsoft Excel and SPSS v20 (IBM, Inc.) were used
for statistical analysis. An independent-sample t-test was
used to compare means between the variables. A 2-tailed
p value of < 0.05 was considered significant. Values for
patient characteristics were documented as mean ± SD.

Results

Patient Demographics and Disease Characteristics
A total of 56 patients (60 SRS procedures) comprising 143 VB segments treated were included in our study
(see Table 1 for baseline characteristics). The majority of
patients in our study were male (39 [70%]), and the mean
age of our patients was 64.29 ± 12.70 years. Metastatic
tumors constituted the majority (52 [93%]) of tumors, and
primary tumors, which were treated with SRS, were found
in 3 patients (5%). Among the metastatic tumors, renal cell
carcinoma was the most common pathology (27%), followed by non–small cell lung carcinoma (23%).
A majority (71%) of the patients had progressive systemic disease at the time of SRS. Furthermore, 41% (23) of
the patients had undergone previous chemotherapy within
1 month of SRS, 39% (22) of the patients had undergone
previous surgery at the level of SRS, and 25% (14) of the
patients had undergone previous EBRT involving the cervicothoracic region before SRS.
The most frequently treated spinal segments were T-1
(22%) and C-7 (20%), and the median pre-SRS tumor vol4

TABLE 1. Patient demographics and tumor characteristics
Variable

Total*

Sex (no. [%])
Female
17 (30.35)
Male
39 (69.64)
Age (mean ± SD; median) (yrs)
64.29 ± 12.70; 65.5
Primary tumor type (no. [%])
Metastasis, RCC
15 (26.78)
Metastasis, NSCLC
13 (23.21)
Metastasis, prostate cancer
5 (8.93)
Metastasis, breast cancer
3 (5.36)
Metastasis, head, neck SCC
3 (5.36)
Other†
17 (30.36)
Status of systemic disease at SRS (no. [%])
Progressive
40 (71.43)
Controlled
14 (25)
Patients receiving EBRT as initial treatment
14 (25)
(no. [%])
Patients w/ previous op at the site of SRS
22 (39.29)
(no. [%])
Patients w/ previous systemic therapy w/in 1
23 (41.07)
mo of SRS (no. [%])
KPS score at SRS (median)
80
Spinal level treated (143 total levels) (no. [%])
C-5
19 (13.29)
C-6
18 (12.6)
C-7
29 (20.28)
T-1
32 (22.38)
Total
98 (68.53)
47.79 ± 61.62
Pre-SRS tumor vol (median ± SD) (cm3)
Pre-SRS max diameter (median ± SD) (cm)
6.8 ± 2.34
Overall follow-up (mean; median ± SD) (mos) 10.7; 4.12 ± 16.77
Overall survival (mean; median ± SD) (mos) 22.88; 7.5 ± 32.14
Final outcome at last follow-up (no. [%])
Deceased
45 (80.36)
Alive
11 (19.64)
KPS = Karnofsky Performance Scale; NSCLC = non–small cell lung cancer;
RCC = renal cell carcinoma; SCC = squamous cell carcinoma.
* Total of 56 patients (60 procedures).
† Other includes hepatocellular carcinoma, paraganglioma, small cell lung
cancer, colon, sarcoma, pancreatic, plasmacytoma, chordoma, large cell
lung cancer, spindle cell cancer, esophagus, arteriovenous malformation, or
esthesioneuroblastoma.

ume was 47.79 cm3. Median overall survival after treatment was 7.5 months, and a majority (45 [80%]) of the patients were deceased at the mean follow-up of 10.7 months.
Treatment Characteristics
The median dose, number of fractions, and intensitymodulated RT (IMRT) fields were 16 Gy, 1, and 7, respectively. The median percentage of tumor covered by SRS
was 93%; the maximum target dose was 18.21 Gy, and the
median conformality index was 1.42 (Table 2).
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TABLE 2. Treatment characteristics in patients who underwent
SRS for a cervicothoracic tumor
Variable

Value

Median dose (Gy)
Median no. of fractions
Median no. of IMRT fields
Median % of tumor covered
Median target dose (Gy)
Min
Max
Median conformality index
Median homogeneity index

16
1
7
92.75
10.11
18.21
1.42
1.16

Radiation Dose Received by OAR
Specific OAR volumes treated, radiation doses received, and point maximum doses are listed in Table 3.
The larynx was the structure that had the highest volume
in the cervicothoracic region exposed to radiation with
SRS, followed by the trachea and brachial plexus, whereas
the spinal cord received the largest mean dose of 6.5 Gy,
followed by the esophagus (5.84 Gy) and brachial plexus
(5.7 Gy). However, the brachial plexus received the highest mean point maximum dose of 17 Gy, followed by the
esophagus (13.9 Gy) and spinal cord (13 Gy). In terms of
mean radiation dose to the 0.1- and 1-cm3 volume, the
brachial plexus received the highest dose, followed by the
esophagus and spinal cord.
Clinical Toxicities and Vertebral Compression
The treatment was well tolerated in all patients, and
the majority of toxicities were self-limited when they occurred. A total of 14 toxicities were encountered by 56
(25%) patients in the study period. Fourteen percent (8)
of the patients had Grade 1 toxicity, 9% (5) had Grade
2 toxicity, 2% (1) had Grade 3 toxicity, and none of the
patients had Grade 4 or 5 toxicity (Fig. 3). The most common post-SRS–related toxicity was dysphagia, which was
noted in 7 (13%) patients. Two of these patients had Grade
2 toxicity that resolved with BMX (Benadryl, Maalox, and
Xylocaine) elixir, and another 5 patients had Grade 1 toxicity that resolved spontaneously in the follow-up period.
The second-most common post-SRS toxicity noted
in our study was an increase in axial spine pain flares or
painful radiculopathy (9% [5 patients]), which resolved in
all cases within 1–14 days after a steroid treatment (dexa-

methasone). A Grade 3 toxicity was seen in only 1 patient,
who initially presented with infiltrating ductal carcinoma
metastasis to T-1. She underwent a T-1 corpectomy, anterior cervical plating (C7–T2), and posterior C4–T5 fusion
for this lesion; however, she developed persistent upper
thoracic pain and dysphagia immediately after surgery.
She subsequently underwent SRS for the residual tumor
6 weeks after the primary surgery. Her dysphagia persisted after SRS, and esophageal stricture was diagnosed
9 months after the SRS. This patient underwent successful balloon dilation 9 months after SRS, and results of a
biopsy performed at the time of dilation were consistent
with radiation-type esophageal injury. The etiology of this
complication is potentially multifactorial; thus, considering it as solely a radiation injury might not be appropriate.
However, for the purpose of this study and with the pathological tissue obtained, we considered this complication
an SRS treatment–related toxicity with the caveat that it is
conceivable that patients who have had combination surgery and radiosurgery in the cervicothoracic region can
represent a population at risk for Grade 3 toxicity to the
esophagus.
One patient with renal carcinoma metastatic to C-5 who
had undergone previous radiation and surgery (C-5 corpectomy and fusion) developed hoarseness and dysphonia
(Grade 1 toxicity) after spine surgery; this toxicity gradually improved during the follow-up period. His hoarseness
subsequently worsened after SRS and then gradually resolved over the next 2 months. No significant nausea/fatigue, myelitis, brachial plexopathy, or neurological injury
attributable to SRS was noted in our study (Table 4).
There was no significant association between the
mean and maximum radiation doses to the esophagus,
larynx, trachea, and spinal cord or the incidence of dysphagia, hoarseness, and radiculopathy, respectively (p >
0.05). However, the maximum dose to the brachial plexus
showed a trend toward significance (p = 0.066) in patients
with worsening of pain or painful radiculopathy (Fig. 3).
De novo and progressive VCFs after SRS were noted
in 3% (3 of 98) and 4% (4 of 98) of the vertebral segments
treated, respectively (Table 5). A median interval of 4.1
months (mean 4.84 months) between treatment and diagnosis of VCF was noted; 71% (5 of 7) of the VCFs were
diagnosed within 4 months of treatment. Of the patients
who had a de novo fracture, 2 patients developed a > 40%
decrease (Grade 3 VCF) after SRS, and the other patient
developed a Grade 2 VCF after SRS. Of the patients with
progression of a VCF, all of them initially had a Grade
2 VCF that progressed to a Grade 3 VCF after SRS. An

TABLE 3. Extent of radiation dose received by OAR
OAR
Spinal cord
Brachial plexus
Larynx
Trachea
Esophagus

Mean
Mean Dose
Mean Dose
Vol (cm3) (Gy) at 0.1 cm3 (Gy) at 1 cm3
5.351
21.530
40.058
29.145
10.643

11.172
16.122
9.869
8.721
12.874

8.203
14.051
8.200
7.196
10.865

Mean Dose
(Gy) at 2 cm3

Mean Dose
(Gy) at 5 cm3

6.307
12.509
7.115
6.415
8.725

3.242
8.903
5.537
5.031
5.267

Mean
Vol at 10 Mean Max
Dose (Gy) Gy (cm3) Dose (Gy)
6.505
5.677
3.423
3.566
5.835

0.449
4.986
2.702
2.346
3.506

13.060
17.016
11.102
9.575
13.875
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Fig. 3. Incidence of grades of clinical toxicities (left) and individual clinical toxicities (right) after SRS in patients with a cervicothoracic tumor.

anterior column VCF was found in 11% of vertebral levels
both before and after SRS. Grade 3 VCF was noted in 5
(5%) vertebral levels before SRS compared with 10 vertebral levels (10.20%) after SRS. No follow-up imaging was
available for 4 patients (with 9 vertebral levels) after SRS.

Discussion

The cervicothoracic region is surrounded by many critical structures, and radiation-induced injury to these structures can lead to significant morbidity in patients. Therefore, to avoid dose-related complications such as brachial
plexopathy, esophagitis, dysphagia, esophageal perforation, or myelopathy when treating patients with cervicothoracic lesions, it is necessary to delineate the surrounding critical OAR and minimize radiation doses to these
organs.12 Currently available IMRTs offer precise and
conformal high-dose radiation delivery, which reduces the
incidence of toxicity and improves local/regional disease
control.53 Although, radiation-induced myelopathy is the
most devastating toxicity, radiation-induced toxicities to
surrounding OAR cannot be overemphasized, especially
with significant dose escalation. The majority of published
studies focused on the spinal cord as an OAR, but a paucity of literature focused on the dose tolerances of the OAR
in patients undergoing SRS for cervicothoracic tumors exists.16,27,34,59 Also, the tolerance of these organs has to be redefined in terms of a partial-volume effect to be applicable
to SRS.43 The results of our study add to the literature regarding the dose tolerances of OAR in this region and can
be considered as a benchmark in future dose-escalation
strategies to ensure improved local disease control while
minimizing toxicity.9,22,36
Radiation-Induced Myelopathy
From a large series of 393 patients (500 lesions) with
spinal metastasis (73 cervical tumors) treated with SRS,
Gerszten et al.16 reported a long-term tumor-control rate of
90% when a mean maximum tumor dose of 20 Gy (range
12.5–25 Gy) was administered, and they reported no significant radiation-induced toxicities. Jin et al.27 presented
6

a series of 196 patients (270 lesions; 11% cervical tumors)
and reported no radiation-induced acute toxicities after
SRS for spinal metastasis when a mean dose of 14.8 Gy
was administered. Yamada et al.59 reported that patients
who had received > 24 Gy of radiation in a single session achieved better local tumor-control rates and showed
no evidence of myelopathy or radiculopathy. Acute Grade
1–2 skin reactions were noted in 3 patients in this study.
Another study reported that < 15 Gy of radiation to the entire planning target volume resulted in a higher probability of recurrence and no reported incidence of myelopathy
(maximum point dose 12–14 Gy).34 Ryu et al.43 reported
a single case of radiation-induced spinal cord injury 13
months after spine SRS in 177 patients (230 lesions, 37
cervical lesions); in that patient, 0.32% (0.06 cm3) of the
spinal cord volume was within 80% isodose line (maximum point dose 14.6 Gy).43 Gibbs et al.17 reported radiation doses of > 8 Gy to the spinal cord in half of the patients who developed myelopathy (6 of 1075) after SRS in
a large series of 1075 patients with a benign or malignant
spine tumor.
Therefore, it is critical to strike a fine balance between
delivering a high cytotoxic dose of radiation to the tumor
while preserving the surrounding structures. Studies have
found that 14 Gy of radiation to a single voxel on the spinal
cord or 10 Gy to 10% of the spinal cord volume is usually
TABLE 4. Extent of clinical toxicities
Clinical Toxicity

No. (%)

Highest Grade of Toxicity
(CTCAE 4.0)

Dysphagia
Pain/radiculopathy
Hoarseness
Esophageal stricture*

7 (12.5)
5 (8.93)
1 (1.79)
1 (1.79)

2
2
1
3

CTCAE = common toxicity criteria for adverse events.
* This patient had undergone previous surgery (anterior T-1 corpectomy and
anterior cervical plating from C-7 to T-2) and developed a soft-tissue infection
that was treated before SRS.
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TABLE 5. Extent of VCF before and after SRS
Before SRS
Pre-SRS Decrease in VCH in
After SRS
(n = 98) (no. [%]) Descending Order (no. of patients) (n = 98) (no. [%])

VCF
No decrease in VB height
Grade 1
Grade 2
Grade 3
Previous cage at the site of SRS

70 (71.43)
3 (3.06)
6 (6.12)
5 (5.10)
13 (13.27)

—
A (3)
AM, M (2), AMP (2), MAP
APM, AMP, MAP, MA, M
—

62 (63.27)
3 (3.06)
1 (1.02)
10 (10.20)
13 (13.27)

Post-SRS Decrease in VCH in
Descending Order (no. of patients)
—
A (3)
M (1)
A, MP (2), AM, MA, MAP (3), AMP, MAP
—

VCF & Involvement of Vertebral Columns

No. (%)

De novo VCF after SRS at median interval of 5.43 mos
Progression of VCF after SRS, Grade 2 progressed to Grade 3 at median interval of 3.5 mos
Individual involvement of vertebral columns before SRS
A
M
P
Individual involvement of vertebral columns after SRS
A
M
P

3/98 (3.06)
4/98 (4.08)
11/98 (11.22)
11/98 (11.22)
6/98 (6.12)
11/98 (11.22)
10/98 (10.20)
7/98 (7.14)

A = anterior; M = middle; P = posterior (these letters together indicate the decreased VB height in each column in descending order [e.g., APM = anterior decrease >
posterior decrease > middle decrease]); VCH = vertebral column height.

safe and acceptable.43,47,49,59 In our study, the spinal cord
received a mean dose of 6.5 Gy, a mean maximum dose of
13 Gy, and mean radiation doses of 11.172 and 8.203 Gy at
0.1- and 1-cm3 volumes, respectively. None of the patients
in our series developed clinical evidence of radiation-induced myelopathy during the follow-up period.
Radiation-Induced Esophagitis, Esophageal Perforation,
Stricture, and Fistula
One of the acute (within 90 days) dose-related complications after SRS near the esophagus is esophagitis and
associated dysphagia, whereas long-term and more significant complications include stricture and perforation.
In our study, self-limiting dysphagia was noted in 7 (13%)
patients after SRS. Five of these 7 patients had Grade 1
toxicity, and only 2 patients had Grade 2 toxicity. All cases
of dysphagia resolved with conservative management.
Amdur et al.2 reported dysphagia (Grade 2 toxicity) in
5 (83.33%) of 6 patients who underwent SRS for a cervicothoracic tumor. Studies have found various threshold
volumes for esophageal irradiation that correlate with
esophageal toxicity.35,38 Yamada et al.59 reported radiationinduced Grade 2 esophagitis in 2 patients (of a total of 93)
and a tracheoesophageal fistula in 1 patient (9 months after RT) with spinal metastasis. The authors did not report
any difference in esophageal dosimetry based on toxicity;
however, a patient who developed a fistula while also on
doxorubicin-based chemotherapy ultimately required surgical intervention for this complication.59
In our study, dysphagia after SRS was noted after a
mean maximum dose received by the esophagus of 13.8
Gy. Furthermore, an esophageal stricture developed in 1
patient (1.79%) after SRS to the T-1 vertebral level. This

patient had undergone previous T-1 corpectomy and anterior cervical plating from C-7 to T-2 with posterior cervical fusion and experienced persistent pain and dysphagia
after surgery. The previous surgery, radiation, and infection might have compromised tissue vascularity, which
was exacerbated further by the SRS and led to these complications.
In general, the volume of esophagus that receives >
40–50 Gy of radiation has a higher likelihood to develop
radiation-induced toxicity (acute esophagitis); therefore,
care should be taken to avoid high-dose hypofractionation
therapy to this small regional volume.54,55 Reports from the
Radiation Therapy Oncology Group (RTOG) 0236 and
0631 trials recommend doses of 9 Gy per fraction (27 Gy
total) for stereotactic body radiotherapy in lung/thoracic
cancer fields and a single-fraction dose of 16 Gy during
spine SRS to prevent esophageal toxicity (Table 6).44,48 It is
unclear why our patient developed a stricture while receiving a maximum mean dose of 13.8 Gy to the esophagus.
Previous surgery in this patient might have compromised
TABLE 6. Comparison of point maximum radiation dose used in
this series and recommended RTOG 0631 constraints
OAR

Mean Max Dose (Gy)
Used in This Series

Vol (<0.035 cm3) Max
Dose (Gy) per RTOG 0631

Spinal cord
Brachial plexus
Larynx
Trachea
Esophagus

13.060
17.016
11.102
9.575
13.875

14
17.5
20.2
20.2
16
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tissue vascularity and left her more vulnerable to develop
this toxicity.
Radiation-Induced Laryngeal Toxicity
Because RT is a commonly used modality for patients
with head and neck cancer, we have a good understanding of radiation-related laryngeal toxicity, which includes
hoarseness and swallowing difficulties.15 Dornfeld et al.13
reported that a higher radiation dose (> 50–66 Gy) to
OAR in the head and neck region can result in impairment of speech and swallowing function and weight loss
1 year after EBRT. Levendag et al.33 also reported a 23%
incidence of severe dysphagia after IMRT in 81 patients
with oropharyngeal squamous cell carcinoma. These authors reported an increase in the probability of dysphagia
of 19% with each additional 10 Gy (> 50 Gy) after radiation to oropharyngeal muscles.33 Another study reported
an increased incidence of aspiration and esophageal stricture after ≥ 50 Gy of radiation to the larynx and inferior
constrictor muscles, respectively, in 96 patients with head
and neck cancer.8 Because all of these studies focused on
laryngeal toxicity after EBRT, there is a paucity of data
regarding laryngeal toxicity after SRS. The results of our
study provide insight into the dose received by the larynx
and radiation-induced toxicity to this organ in patients
with a cervicothoracic tumor.
In our study, hoarseness after SRS was noted in 1 (2%)
patient, and the mean maximum dose received by the larynx was 11.1 Gy. This patient developed hoarseness after
SRS to the C-5 spine and had undergone previous EBRT
and a corpectomy with fusion in the same region. Factors
such as pre-SRS surgery and EBRT might need to be considered when deciding on SRS-dosing strategies for such
patients.
Radiation-Induced Brachial Plexopathy
The majority of data available in terms of brachial
plexopathy derives from patients treated for breast cancer,
apical lung cancer, or head and neck cancer with larger
radiation fields using EBRT. The incidence of brachial
plexopathy has been reported to range between 1% and
22% in patients who received a supraclavicular radiation
field dose of 45–60 Gy.4,6,10,30,39,51,52 It should be noted that
the majority of these patients had undergone previous surgery in the region with concomitant chemotherapy.4,6,39,51
Chen et al.10 reported a 12% incidence of brachial plexopathy in 330 patients with head and neck cancer (median
radiation dose 66 Gy; range 50–74 Gy). In addition, they
reported that previous neck dissection, a higher radiation
dose, and concurrent chemotherapy were significantly associated with plexopathy. Similarly, Kori et al.30 reported
a higher incidence of plexopathy in patients who received
a > 60-Gy radiation dose. Radiation injury involved the
upper trunk (C-5/6) and was also associated with lymphedema in these patients.29 RTOG 0236 used 24 Gy in 3
fractions and RTOG 0631 used 17.5 Gy in a single fraction as upper limits for brachial plexus during spine SRS;
Grade 3 toxicity was an end point.41,44
In our study, the maximum dose to the brachial plexus
(mean maximum dose 17 Gy) was well below the threshold level, and no clinical evidence of toxicity was found.
8

Although there was no evidence of persistent neuropathic
pain (suggestive of brachial plexopathy) in our study, 9%
(5) of our patients reported a transient increase in their
radiculopathy symptoms after SRS. Also, we noted that
the maximum dose to the brachial plexus showed a trend
toward significance (p = 0.066) in patients with post-SRS
worsening of pain or painful radiculopathy. However, this
complication might also be attributed to the proximity of
the tumor to plexus nerve roots and a transient increase in
tumor edema after SRS consistent with the fact that pain
resolved in all these patients with a short course of steroids
within 1–14 days of treatment.
Vertebral Compression Fracture
In our study, de novo and progressive VCFs were noted
in 3% and 4% of vertebral segments, respectively, after
SRS. Two patients with no significant compression before
SRS progressed to Grade 3 compression after SRS, and
another patient progressed from no compression to Grade
2 compression after SRS. Sahgal et al.45 reported 4.9% (20
of 410) and 9% (37 of 410) incidences of de novo and progressive VCF, respectively, after SRS in 252 patients (410
spinal segments). Their study identified a higher radiation
dose (> 20 Gy/fraction), presence of a lytic spine lesion
with deformity, and pre-SRS VCF as significant predictors
of VCF after radiosurgery.45 The lower incidence of VCFs
noted in our study can be attributed to lower radiation
doses and lesions localized to the cervicothoracic region.
In addition, 71% of the patients were noted to have a VCF
(either de novo or progression) within 4 months of treatment in our series, which is concordant with the incidence
of 65% within 4 months reported by Sahgal et al.45 Rose et
al.41 reported a VCF rate of 38% (27 of 71 vertebral sites)
in their study, and they identified thoracolumbar lytic pathology and treatments prescribing higher radiation doses
as risk factors for VCF.
To our knowledge, this is also the first study to have
formally evaluated and categorized the pattern (anterior,
middle, or posterior VB) and region of progression of VCF
after SRS. We noted the highest post-SRS fracture incidence or progression in the posterior part of the VB.
In terms of dose efficacy, our previous studies found
a tumor-control rate of > 85%24,31 and unadjusted painrelief rate of 87% at 9 months after SRS.5 Our current
study found that at the doses prescribed at the Cleveland
Clinic, no significant (Grade 4/5) radiation-induced toxicities to surrounding OAR were noted, and only 1 Grade
3 toxicity (esophageal stricture) was identified. It should
be noted that the low toxicity rate observed in this study
was achieved while keeping the maximum point doses to
the OAR evaluated near or below the single-fraction constraints recommended by the RTOG 0631 report (Table 6).
Limitations
The limitations of our study include the relatively small
heterogeneous patient cohort (n = 56) and its retrospective
nature. In addition, how specific factors such as antecedent surgery and EBRT can also affect the sensitivity of
OAR to radiation injury in the cervicothoracic region remains to be determined and requires a larger series for
evaluation.
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Conclusions

The results of our study provide insight into the complications and radiation-related toxicity to adjacent OAR
after SRS to cervicothoracic tumors. According to results
of our analysis of dosimetry to various OAR, radiation
doses used for single-fraction SRS treatment at the Cleveland Clinic (median 16 Gy) are safe and well tolerated.
These preliminary data provide a basis for future studies
and dosing limits for patients undergoing SRS to lesions in
the cervicothoracic spinal region. To our knowledge, this
is the first study to correlate the effects of single-fraction
spine SRS to the anatomical structures in the cervicothoracic region and provide guidance for the design of future
clinical trials. Randomized controlled studies aimed at
validating the efficacy and toxicity profiles of SRS treatment regimens are needed.
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