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Objective: Stereotactic radiosurgery (SRS) has been performed for spinal tumors. However,
the quantitative effect of SRS on postoperative residual cervical dumbbell tumors remains
unknown. This study aimed to quantitatively evaluate the efficacy of SRS for treating post-
operative residual cervical dumbbell tumors.

Methods: We retrospectively reviewed cases of postoperative residual cervical dumbbell tu-
mors from 1995 to 2020 in 2 tertiary institutions. Residual tumors underwent SRS (SRS
group) or were observed with clinical and magnetic resonance imaging (MRI) follow-up
(observation group). Tumor regrowth rates were compared between the SRS and observa-
tion groups. Additionally, risk factors for tumor regrowth were analyzed.

Results: A total of 28 cervical dumbbell tumors were incompletely resected. Eight patients
were in the SRS group, and 20 in the observation group. The mean regrowth rate was not
significantly lower (p = 0.784) in the SRS group (0.18 + 0.29 mm/mo) than in the observa-
tion group (0.33 +0.40 mm/mo). In the multivariable Cox regression analysis, SRS was
not a significant variable (hazard ratio [HR], 0.57; 95% confidence interval [CI], 0.18-1.79;
p=0.336).

Conclusion: SRS did not significantly decrease the tumor regrowth rate in our study. We
believe that achieving maximal resection during the initial operation is more important
than postoperative adjuvant SRS.

Keywords: Cervical dumbbell tumor, Cervical vertebrae, Spinal tumor, Stereotactic radio-
surgery

ements, or passing through the neural foramen.' Spinal dumb-
bell tumors account for approximately 18% of spinal tumors.

Spinal dumbbell tumors are spinal tumors that acquire an ~ Among them, cervical dumbbell tumors account for approxi-

hourglass shape when encountering the dura mater or bony el- ~ mately 44% of all dumbbell tumors.> The standard treatment
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for dumbbell tumors is gross total resection. However, for cer-
vical dumbbell tumors, gross total resection is not always feasi-
ble in some circumstances such as: (1) a large extraforaminal
portion at the upper cervical level, (2) a high risk of vertebral
artery (VA) injury due to encasement of the VA, or (3) multiple
cervical nerve root involvement due to extraforaminal growth.**
In addition, when the facet joint has to be preserved to avoid
instrumentation (a lateral mass screw or a pedicle screw) due to
severe osteoporosis or other comorbidities that require a short
operation time, this can lead to incomplete resection of the tu-
mor. This is because the foraminal and extraforaminal portions
cannot be sufficiently exposed without total facetectomy. Con-
sequently, an incomplete resection is performed in various situ-
ations and may result in residual tumors following surgery.

When tumors remain following incomplete resection, stereo-
tactic radiosurgery (SRS) can be an additional treatment option
instead of a secondary operation. SRS using the Leksell frame
has previously been limited to intracranial lesions. However, with
advances in technology, hypofractionated radiotherapy has also
been applied to extracranial lesions, including those in the spine.

Currently, SRS is a widely used treatment modality for be-
nign spinal tumors.”® Previous studies suggested SRS as a use-
ful treatment modality for recurrent cervical dumbbell tumors
following surgery.”"' However, these studies reported qualita-
tive analyses of the effect of SRS. To the best of our knowledge,
no studies have specifically evaluated the efficacy of SRS for re-
sidual cervical dumbbell tumors following surgery. Moreover,
its quantified effect on these tumors has not been established
yet. The purpose of this study was to quantitatively evaluate the
efficacy of SRS for postoperative residual cervical dumbbell tu-
mors in terms of the regrowth rate and the change in tumor
size before and after SRS.

MATERIALS AND METHODS

The study was conducted according to the Helsinki Declara-
tion (https://www.wma.net/policies-post/wma-declaration-of-
helsinki-ethical-principles-for-medical-research-involving-hu-
man-subjects/) and approved by the Institutional Review Boards
(IRBs) of 2 tertiary referral hospitals (IRB numbers 2022-1213,
2022-09-092). The requirement of informed consent from the
patients was waived by the IRB because of the study’s retrospec-
tive nature.

1. Materials
We retrospectively reviewed the patients who underwent an
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operation for a cervical dumbbell tumor from 1995 to 2020 at
the Asan Medical Center and Samsung Medical Center. Cervi-
cal dumbbell tumors were defined as tumors that acquired an
hourglass shape by passing through the neural foramen at the
cervical level and had intraspinal, foraminal, and extraforami-
nal portions. Tumors that acquired an hourglass shape by en-
countering the dura mater and did not have foraminal and ex-
traforaminal portions were excluded from this study. In addi-
tion, tumors extending only to a vertebral body, not the neural
foramen, were also excluded. Cases with missing data were ex-
cluded from the analysis.

After reviewing the electronic medical and operative records
and radiologic findings from the 2 centers, we integrated the
data. In this study, we included the cases with residual tumors
following incomplete resection. Residual tumors were identi-
fied by the surgeon’s impression that the tumor was not grossly
totally removed and postoperative gadolinium-enhanced mag-
netic resonance imaging (MRI). Tumor volume (cm®) was cal-
culated using the formula ¥ x 4 x B x C, where A’ is the maxi-
mal diameter of the axial image on gadolinium-enhanced T1-
weighted image of MRI, ‘B’ is the diameter perpendicular to A,
and C is the maximal diameter of the sagittal image."*"*

Patients were classified into 2 groups: the SRS group, who
underwent SRS for postoperative residual tumor, and the ob-
servation group, who did not receive postoperative SRS. In the
SRS group, SRS was performed to prevent the regrowth of re-
sidual cervical dumbbell tumors when they were identified at
the first postoperative MRI, which was taken within one week
after the operation. Conversely, in the observation group, resid-
ual tumors were observed with clinical and MRI follow-up with-
out undergoing SRS. Depending on each surgeon’s discretion, it
was decided whether to perform SRS or not.

2. Stereotactic Radiosurgery

SRS was conducted using either the CyberKnife image-guid-
ed radiosurgery system (Accuray Inc., Sunnyvale, CA, USA) or
the Novalis Tx system (Varian Medical Systems, Palo Alto, CA,
USA). The CyberKnife system was adopted at the Asan Medi-
cal Center, and the Novalis system at the Samsung Medical
Center. SRS was performed daily with 1,300-2,561 cGy (mean
prescribed dose=2,174.35 cGy), and 1-5 fractionation (mean
fractions=3.18).

3. Tumor Regrowth and Risk Factors
If the increase in tumor diameter was greater than 2 mm dur-
ing follow-up, the tumor was classified as regrowth.*'®'” Otherwise,
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it was classified as no regrowth. We assessed the risk factors as-
sociated with the regrowth of residual cervical dumbbell tu-
mors following surgery. These factors were evaluated in terms
of patient demographics, radiographic findings, and whether SRS
had been performed.

4. Tumor Regrowth Rate

Regrowth rate (mm/mo) was defined as the increase in tu-
mor size (mm) divided by the follow-up MRI period (months).
Tumor size (mm) was determined by the maximal diameter
measured on axial images of gadolinium-enhanced T1-weight-
ed MRL*"** The follow-up MRI period spanned from the first
postoperative MRI to the last follow-up MRI. If the patients un-
derwent an additional procedure (either revision surgery and/
or delayed SRS), the follow-up MRI period was defined as the
duration from the first postoperative MRI to the last follow-up
before that procedure.

5. Comparison of the Tumor Size Before and After SRS

We evaluated the changes in the sizes of the residual tumors
before and after undergoing SRS. The size prior to SRS was de-
termined using the MRI taken immediately before the SRS. Post-
SRS measurements were taken from the MRI conducted at the
final follow-up.

6. Statistical Analysis

Statistical analysis was performed using R ver. 4.1.1 (R Foun-
dation for Statistical Computing, Vienna, Austria). All statistical
tests were 2-sided, and p <0.05 was considered statistically sig-
nificant. Continuous variables are presented as mean + standard
deviation (SD) or median (range). Categorical variables are pre-
sented as a number (%). A Wilcoxon rank-sum test was used to
compare the regrowth rate between the SRS and observation
groups. A Wilcoxon signed-rank test was used to compare the
diameters of residual tumors that underwent SRS before and
after the SRS procedure. Fisher exact test was used to assess the
association between 2 categorical variables. The Kaplan-Meier
survival curve method was used to analyze the time-to-event
outcome for the regrowth of tumors. Comparisons between the
survival curves of the 2 groups were conducted using the log-
rank test. Risk factors for the regrowth of residual tumors were
assessed using multivariable Cox regression analysis. The oc-
currence of regrowth was defined as the dependent variable.
Independent variables included age, sex, tumor pathology, pre-
operative and postoperative tumor volume on the MRI, and
whether SRS was performed.
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236 Cervical dumbbell tumors
that underwent surgery

208 Gross total removal

28 Residual cervical dumbbell tumors

8 SRS 20 Observation

Fig. 1. Flowchart for dividing the groups. SRS, stereotactic ra-
diosurgery.

RESULTS

1. Demographics

A total of 236 patients underwent surgery for cervical dumb-
bell tumors in our institutions. Cervical dumbbell tumors were
incompletely resected in 28 patients; of these, 17 were treated at
the Asan Medical Center, and 11 at Samsung Medical Center.
In these patients, the intraspinal portions were completely re-
moved, but the foraminal and/or extraforaminal portions re-
mained. Of the 28 patients, 8 patients underwent SRS and were
categorized into the SRS group; 7 of these were treated with the
CyberKnife system and 1 with the Novalis system.

The remaining 20 patients were observed with clinical and
MRI follow-up and were categorized into the observation group
(Fig. 1).

There were no significant differences in age, sex, pathology,
tumor volume, tumor diameter, occurrence of regrowth, and
follow-up periods between the SRS and observation groups
(Table 1). Among the 20 patients in the observation group, 10
underwent delayed SRS due to tumor recurrence. However,
their follow-up as the observation group was considered to have
ended after delayed SRS was performed. Therefore, in Table 1,
all 20 patients in the observation group were included as being
in the follow-up without SRS.

2. Tumor Regrowth and Risk Factors Analysis

Among a total of 28 patients, regrowth occurred in 6 patients
(75.0%) in the SRS group and in 13 patients (65.0%) in the ob-
servation group (Table 1). Among the 13 patients in the obser-
vation group, 10 patients presented with aggravated symptoms.
Subsequently, these 10 patients received delayed SRS for thera-
peutic purposes; 8 were treated with the CyberKnife system and
2 with the Novalis system. For these patients, the follow-up for
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Table 1. Demographics and characteristics of cervical dumb-
bell tumors

Variable Total SRS Observation el
(N=28) (N=38) (N=20)
Age (yr) 431+151 413+158 439+152  0.688
Sex 0.691
Female 16 (57.1) 4 (50.0) 12 (60.0)
Male 12 (42.9) 4(50.0) 8 (40.0)
Pathology 0.074
Schwannoma 26 (92.9) 6 (75.0) 20 (100)
Neurofibroma 2(7.1) 2 (25.0) 0(0)

Tumor volume (cm?)

Preoperative 9.6+9.3 7.0£5.9 10.6+10.3  0.409

Postoperative 45+88 24+1.7 53+£103 0.746

Last follow-up 6.3+160  3.0+18 76+189  0.533
Tumor diameter on MRI (mm)

Preoperative 35.8+8.7 33.9+4.8 36.6+£9.9 0.482

Postoperative ~ 22.1+10.5 20.4%6.6 22.7+11.8  0.900

Last follow-up  27.1+11.9 264+102 274%128 0.819
Regrowth 1.000

No 9(32.1) 2(25.0) 7 (35.0)

Yes 19 (67.9) 6 (75.0) 13 (65.0)
Follow-up (mo) 459+41.4  483+350 45.0%44.6 0.297

Values are presented as mean + standard deviation or number (%).
SRS, stereotactic radiosurgery; MRI, magnetic resonance imaging.

observation was considered finished once regrowth with aggra-
vated symptoms occurred and delayed SRS was performed. Two
patients in the SRS group and 3 in the observation group un-
derwent secondary operations due to aggravated symptoms
during follow-up, although SRS was performed.

Fig. 2 shows the Kaplan-Meier survival curves of both the
SRS and observation groups. Log-rank tests found no significant
differences between the 2 groups (p=0.81). In the multivariable
Cox regression analysis, SRS was not a significant variable (haz-
ard ratio [HR], 0.57; 95% confidence interval [CI], 0.18-1.79;
p=0.336). Additionally, age, sex, tumor pathology, and tumor
volume were not significant variables (p > 0.05) (Table 2).

3. Tumor Regrowth Rate Analysis

The mean regrowth rate was lower in the SRS group (0.18 +
0.29 mm/mo) than in the observation group (0.33 £ 0.40 mm/mo).
In contrast, the median (range) regrowth rate was lower in the
observation group (0.10 mm/mo [-0.12 to 1.12]) than in the SRS
group (0.11 mm/mo [-0.12 to 0.85]). However, there was no
significant difference in the regrowth rates between the SRS
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Fig. 2. Kaplan-Meier survival curves of each group. No signif-
icant difference was observed between the 2 groups (p=0.81).
SRS, stereotactic radiosurgery.

and observation groups (p=0.784) (Fig. 3).

4. Comparison of the Tumor Size Before and After SRS

A total of 18 patients underwent SRS: SRS in 8 patients from
the SRS group and delayed SRS in 10 patients from the observation
group, in whom tumor regrowth occurred before SRS. After SRS,
1 patient from the observation group was lost to follow-up. There-
fore, 17 patients were included in the analysis comparing tumor
size before and after SRS. The mean diameter + SD of the 17 re-
sidual tumors was significantly higher post-SRS (26.3 £9.9 mm)
than pre-SRS (22.2+£7.9 mm) (p=0.004). In the SRS group
(N'=8), the mean diameter + SD was significantly higher post-
SRS (26.4+10.2 mm) than pre-SRS (20.4 + 6.5 mm) (p=0.023).
In the observation group who underwent delayed SRS (N =9),
the mean diameter + SD was significantly higher post-SRS (26.3 +
10.4 mm) than pre-SRS (23.7+9.0 mm) (p=0.039) (Fig. 4).

5. Illustrative Case
A 67-year-old-woman presented with a tingling sensation
and numbness in her left arm, hand, and foot for 2 months. Neu-
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Table 2. Cox regression analysis for regrowth of residual cervical dumbbell tumor following surgery

Univariable analysis

Multivariable analysis

Variables
HR 95% CI p-value HR 95% CI p-value

Age 1.02 0.99-1.06 0.203 1.01 0.96-1.05 0.764
Sex

Female Reference

Male 2.15 0.81-5.68 0.124 3.43 1.00-11.7 0.05
Pathology

Neurofibroma Reference

Schwannoma 0.87 0.11-6.92 0.898 0.50 0.05-5.55 0.575
Tumor volume

Preoperative 1.00 0.95-1.05 0.954 0.92 0.83-1.01 0.093

Postoperative 0.98 0.94-1.03 0.429 1.02 0.94-1.12 0.622
Group

Observation Reference

SRS 0.90 0.34-2.40 0.831 0.57 0.18-1.79 0.336

HR, hazard ratio; CI, confidence interval; SRS, stereotactic radiosurgery.

p=0.784
1

0.50

0.25

Regrowth rate (mm/months)

0.18+0.29 0.33+0.40
| |

-0.25

SRS (N=8) Observation (N =20)

Fig. 3. The mean regrowth rate was higher in the observation
group than in the stereotactic radiosurgery (SRS) group. How-
ever, there was no significant (p=0.784) between-group dif-
ference. The mean regrowth rate + standard deviation of each
group is shown in the graph. SRS, stereotactic radiosurgery.

rologic examination showed hypoesthesia of the upper and lower
extremities and decreased motor power (grade 4 of both hands
grasping on the Medical Research Council scale). Findings from
deep tendon reflex testing were normal. Hoffman signs were
positive on both hands. Gadolinium-enhanced MRI demon-
strated a homogenously enhanced, dumbbell-shaped tumor of
approximately 4 cm at the left C2-3 level (Fig. 5A). Surgery
(C2-3 total laminectomy and tumor removal without instru-
mentation) was performed. The intraspinal portion of the tu-
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mor was grossly totally resected. However, residual tumor (the
foraminal and extraforaminal portions) was identified on post-
operative MRI (Fig. 5B). The biopsy result confirmed the tu-
mor was a schwannoma. Follow-up MRI (1 year after the oper-
ation) showed regrowth of the tumor with cord compression
(Fig. 5C). SRS was applied to treat the residual regrowing tumor.
The prescribed dose was 21 Gy in 3 fractions. On follow-up
MRI at 5 years postoperatively, the residual tumor had increased
to approximately 4 cm, comparable to that before the operation
(Fig. 5D). In addition, the patient complained of aggravated
tingling sensations and gait disturbance. Therefore, it was de-
cided to perform revision surgery. The tumor was grossly total-
ly removed with left C2-3 total facetectomy with C2-3 (right)-4
pedicle screw fixation (Fig. 5E). Postoperative MRI showed no
residual tumor (Fig. 5F).

DISCUSSION

1. Key Findings

In this study, SRS did not decrease the tumor regrowth rate
significantly (HR, 0.57; 95% CI, 0.18-1.79; p =0.336). Moreover,
although SRS was performed to prevent or suppress the regrowth
of residual tumors, the mean tumor diameter increased signifi-
cantly after SRS (p=0.004). In addition, 5 of 17 patients (29.4%)
who underwent SRS received a secondary operation due to in-
creased residual tumor size and aggravated symptoms. These
findings are in contrast to those of previous studies that report-
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Fig. 4. Mean tumor sizes were increased despite performing stereotactic radiosurgery (SRS). When comparing tumor diameters
before and after SRS, the mean diameter was significantly higher post-SRS than pre-SRS in the total (p=0.004), SRS in SRS group
(p=0.023), and delayed SRS in observation group (p=0.039). The mean tumor diameter + standard deviation of each group is
shown in the graph. *p <0.05, **p < 0.01, statistically significant difference.

Fig. 5. A 67-year-old-woman presented with a tingling sensation and numbness in her left arm. (A) Gadolinium-enhanced
magnetic resonance imaging (MRI) demonstrating a homogenously enhanced, dumbbell-shaped tumor of approximately 4 cm
at the left C2-3 level. (B) Residual tumor (foraminal and extraforaminal portions) on postoperative MRI. (C) Regrowth of the
tumor with cord compression on follow-up MRI (1 year after the operation). (D) Despite stereotactic radiosurgery, an increase
in residual tumor size, comparable to that before operation, was observed on follow-up MRI at 5 years after the operation. (E)
Revision surgery was performed, gross total resection of the tumor with left C2-3 total facetectomy with C2-3 (right)-4 pedicle
screw fixation. (F) No residual tumor is visible on postoperative MRI.

ed the efficacy of SRS for benign spinal tumors (Table 3).5”!*'4172122 schwannoma, tumor enlargement with cystic changes following
Although tumor sizes increased, as observed on MRI, this could SRS has been reported.'**** In addition, some hypotheses could
be attributed to secondary degeneration, such as cystic changes ~ be adopted from vestibular schwannoma because of its histo-
following SRS, rather than to tumor regrowth. In intracranial ~ logical similarity to dumbbell tumor. In vestibular schwanno-
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Table 3. Summary of previous studies on SRS for benign spinal tumors

Study No. of lesions Pathologic findings Modality Radiation dose (cGy) Recurrence rate’
Dodd et al.* (2006) 55 16 Meningiomas CyberKnife 2,031 (1,600-3,000) 3/55 (5.5%)
30 Schwannomas 1,264 (500-2,100)
9 Neurofibromas 1,061 (700-2,000)
Gerszten et al.” (2008) 73 13 Meningiomas CyberKnife 2,125 (1,750-2,500) 0/13 (0%)
35 Schwannomas 2,203 (1,750-2,500) 3/35 (8.6%)
25 Neurofibromas 2,130 (1,500-2,500) 0/25 (0%)
Selch et al.’” (2009) 25 8 Schwannomas Novalis 1,212 (1,200-1,500) 0/25 (0%)
8 Neurofibromas
9 No pathologic confirmation
Sachdev et al.® (2011) 103 32 Meningiomas CyberKnife 2,057 (1,600-3,000) 1/103 (1.0%)
47 Schwannomas 1,874 (1,400-2,400)
24 Neurofibromas 1,913 (1,600-2,100)
Shin et al.*? (2015) 92 69 Schwannomas Novalis Median 1,300 3/92 (3.3%)

23 Neurofibromas

Median 2,500 for large tumors

SRS, stereotactic radiosurgery.

"Recurrence was defined as tumor enlargement or the need for surgical resection following SRS.

ma, regrowth following SRS has been reported.”** Several hy-
potheses for regrowth following SRS have been proposed for
vestibular schwannoma: (1) radiation-induced tumor swelling,
(2) delayed radiation injury, which causes chronic intratumoral
bleeding, and (3) a biological response to radiation.”** Howev-
er, we could not find an article that reported an increased size
of a spinal cord tumor following SRS, except for the study of
Dodd et al.* Dodd et al.*! briefly mentioned a transient increase
of intradural extramedullary spinal tumor size due to radiation-
induced tumor swelling after Cyberknife radiosurgery. Further
studies are needed to elucidate whether these hypotheses could
also apply to cervical dumbbell tumors.

We also evaluated the preoperative and postoperative tumor
size as risk factors for residual tumor regrowth. In multivariable
Cox regression analysis, the preoperative and postoperative tu-
mor volume were not significant risk factors for residual tumor
regrowth. This result aligns with those of previous studies.**

2. Previous Studies Regarding SRS

The concept of SRS was first introduced by Lars Leksell in
1951. Initially, the SRS target was limited to intracranial lesions,
using a stereotactic head frame. However, with advancements
of technology, radiosurgery has been applied to extracranial le-
sions, including those in the spine. SRS, which involves hypo-
fractionated, high-dose irradiation of an extracranial lesion,”
has been used as the primary treatment for tumors in patients
deemed poor surgical candidates due to old age, poor general
condition, or comorbidities. In 2006, Dodd et al.?! treated 51
patients with 55 benign spinal tumors using Cyberknife radio-

https://doi.org/10.14245/ns.2347070.535

surgery as a primary treatment modality because of medical
comorbidities, multiple lesions, or strong patient preferences.
They followed up 28 of 51 patients during a mean follow-up of
36 months and found that the tumor volume was stable in 61%
and it decreased in 39%.”" In addition, residual tumors following
incomplete resection were another indication for SRS."*"

Previous studies suggested that postoperative SRS would be
an effective treatment modality for residual spinal tumors fol-
lowing surgery.”"" However, these studies were qualitative in
nature. No previous studies analyzed the efficacy of SRS for re-
sidual cervical dumbbell tumors quantitatively in terms of the
tumor regrowth rate and tumor size changes before and after
SRS. To the best of our knowledge, our study is the first to quan-
titatively analyze the efficacy of SRS.

3. Importance of Surgical Resection

In our institutions, osteolysis of the facet joint was one of the
important factors in determining the surgical strategy for cervi-
cal dumbbell tumors. If osteolysis of the facet was present at the
index level, tumors were grossly totally removed, and screw fix-
ation and fusion were performed. On the contrary, if the facet
joint was intact without osteolysis, we grossly totally removed
the intraspinal portion, but when the foraminal portion remained,
postoperative SRS was performed. As spine surgeons, we want-
ed to preserve the facet joint without instrumentation if possible.
However, we now believe it would be better to resect the tumor
maximally, including the foraminal portion at the initial opera-
tion, then observe the outcome. Postoperative SRS for residual
cervical dumbbell tumors did not show significant efficacy in
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preventing the regrowth of the tumors. In light of this result, we
believe that achieving gross total resection of a cervical dumb-
bell tumor during the initial operation is more important than
performing postoperative adjuvant SRS.

Nakamura et al.” reported that 57 cases of cervical dumbbell
tumor were grossly totally resected, and no tumor recurred. In
contrast, 2 of 13 subtotal resections underwent re-operation
due to aggravation of neurological symptoms by the regrowth
of residual tumors. Ryu et al.” reported that 1 of 59 cases of
cervical dumbbell tumor following gross total resection regrew,
and 9 of 31 cases of cervical dumbbell tumor following subtotal
resection regrew. Statistical analysis showed a significant differ-
ence in the proportion (p =0.002).* These results show the im-
portance of gross total resection of cervical dumbbell tumors.

Kitamura et al.”* previously reported that residual tumors
with a surgical margin distal from the entrance of the neural fo-
ramen were less likely to regrow. They categorized the surgical
margin as follows: zone 1, in the spinal canal; zone 2, at the en-
trance of the neural foramen, touching the posterolateral cor-
ner of the intervertebral disc or vertebral body; and zone 3, in
the neural foramen distal from its entrance. When the surgical
margin was classified as zone 3, the regrowth incidence of the
tumor was significantly lower than that for zones 1 and 2 (p=
0.007). In other words, the risk of regrowth of residual cervical
dumbbell tumor is lower after maximal resection, even if it is a
subtotal resection. Therefore, although subtotal resection is in-
evitable in various situations such as a large extraforaminal por-
tion, a high risk of VA injury, or multiple cervical nerve root in-
volvement, it is important to resect the tumor as much as possi-
ble while preserving the neurovascular structure.

Therefore, our results indicate that SRS will not prevent re-
growth of residual cervical dumbbell tumors or the need for a
secondary operation due to tumor regrowth.

4. Limitations

There are some limitations to concluding that SRS is ineffec-
tive. First, the nature of this retrospective study could lead to
biased results because SRS was performed at the discretion of
each surgeon. However, there were no significant differences
in demographics between the SRS and observation groups (Ta-
ble 1). Second, only 28 patients were included, which is a rela-
tively small sample size and may not be sufficient to statistically
verify the efficacy of SRS. The statistical analysis did not show
any significant difference between the SRS and observation groups.
However, the mean regrowth rate of the SRS group (0.18 =
0.29 mm/mo) was lower than that of the observation group
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(0.33 £ 0.40 mm/mo). Therefore, if more patients were included
in the study, the results may have reached statistical significance.
This is because, even though SRS was effective in practice, sta-
tistical significance may not be obtained if the number of pa-
tients is too small.

Third, when measuring the size of residual tumors on the
first postoperative MRI, it may be difficult to distinguish the re-
sidual tumor from hematoma and postoperative changes. There-
fore, there could be a discrepancy between the actual and the
measured size of the residual tumor. Furthermore, the criterion
for regrowth, defined as a 2-mm increase in diameter, may
carry different clinical implications depending on the tumor
size, particularly in terms of proportional increase. In addition,
the tumor diameter on an axial MRI image does not reflect the
tumor size in the sagittal plane. This can lead to a difference be-
tween the tumor diameter on the axial image and the actual
3-dimensional tumor volume. Although the tumor volume was
calculated using the ellipsoid formula, this method assumes an
ellipsoidal shape. Therefore, calculated tumor volume may dif-
fer from true tumor volume because of its dumbbell shape.

Lastly, Ki-67 was not evaluated in the study. Sohn et al.* re-
ported a higher Ki-67 index in spinal schwannoma with re-
growth. However, we could not include Ki-67 in the study due
to the unavailability of Ki-67 for the majority of patients. Fur-
ther studies are warranted to investigate the association between
Ki-67 and the regrowth of residual cervical dumbbell tumors.

CONCLUSION

In our study, SRS did not significantly reduce the regrowth
rate of residual cervical dumbbell tumors compared to the ob-
servation group. Moreover, tumor diameters increased signifi-
cantly despite undergoing SRS. Hence, we believe that achiev-
ing gross total resection during the initial operation is more
important than postoperative adjuvant SRS. Even if complete
resection is not achievable, maximal tumor removal in the ini-
tial surgery is essential to prevent tumor recurrence rather than
relying on subsequent SRS.
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