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We sought to characterize vestibular schwannoma (VS)
pseudoprogression after radiosurgery to assess its inci-
dence, causative factors, and association with radi-
ation-induced adverse effects. We performed a
retrospective study of VS treated with Gamma Knife
radiosurgery during 2005–2009. Seventy-five patients
had at least 24 months of clinical and radiographic
follow-up (median, 29 months) and were included.
Tumor response was calculated volumetrically using
Gamma plan software on consecutive MRIs. All treat-
ment plans were reviewed for dosimetry characteristics.
Forty-nine VS (65%) were stable or regressed after treat-
ment. Seventeen (23%) underwent pseudoprogression,
with onset of enlargement at 6 months. Seven (9%)
remained larger than initial treatment volume at last
follow-up. Nine (12%) had persistent growth. Three
patients underwent subsequent microsurgery. One
patient required intervention at 3 months for cystic
enlargement; otherwise, all patients with progressive
enlargement had stable VS until at least 24 months.
Twenty-six patients (34.7%) developed nonauditory
adverse radiation effects after treatment, including
cranial neuropathy, ataxia, and hydrocephalus. There
was no statistical association between onset of clinical
deterioration and tumor response. Volume changes in
the first 24 months after radiosurgery rarely herald treat-
ment failure. Any volume change after 24 months is
indicative of treatment failure. Pseudoprogression does
not appear to be independently linked to radiation-
induced morbidity, and there are no patient-related or
radiosurgical parameters that predict tumor response.
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R
adiosurgery is a well-established treatment
option for selected vestibular schwannomas
(VS), with reported tumor control rates of

93%–100%.1–9 Although tumor growth with increas-
ing symptoms or neurological deficit may herald treat-
ment failure, the concept of pseudoprogression, or a
transient increase in size followed by stability or
regression, has been increasingly recognized following
radiosurgical treatment of VS and should not be
reported as treatment failure. However, although
becoming recognized as a true phenomenon, we have a
limited understanding about the natural history and pre-
dictors of pseudoprogression. In a landmark article in
2006, Pollock described 3 patterns of tumor enlarge-
ment after radiosurgery based on linear measurements
of VS diameter.10 In a series of 208 patients, 30 (14%)
demonstrated an increase in tumor volume following
treatment. Tumor growth was classified as enlargement
followed by regression (57%), enlargement without sub-
sequent regression but stable tumor size (29%), and
serial growth (14%).

Other case series have also supported the concept of
pseudoprogression6,11–16 using a variety of methods of
tumor measurement, including volumetric analysis.

In the present study, we aim to define the incidence of
pseudoprogression following radiosurgery for VS, based
on sequential volumetric measurement, and define dosi-
metric and tumor-related risk factors for pseudoprogres-
sion. In addition, we review the current literature on the
concept of pseudoprogression in VS to define manage-
ment recommendations and identify a unified treatment
algorithm following stereotactic radiosurgery for VS.

Patients and Methods

We retrospectively reviewed our institutional Gamma
Knife treatment database, and a total of 200 patients
with VS were treated at the University of Toronto
Model 4C Gamma Knife facility (Elekta Instruments,
Atlanta, GA) from 2005 through 2009. Of these, 87
patients completed at least 24 months of follow-up.
Seven (8%) were excluded for lack of clinical follow-up,
and an additional 5 (6%) were excluded from the analy-
sis because of inadequate or incompatible imaging for
the volumetric analysis resulting from external MRI
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formats. Approval for this study was granted by the uni-
versity research ethics board.

All patients were treated with a prescription dose of
12 Gy to the 50% isodose line, and treatments were
planned on stereotactic CT and stereotactic
contrast-enhanced T1 and T2 MRI sequences using a
1-mm slice thickness.

Subsequent clinical and MRI follow-up visits were
scheduled at 3 months, 6 months, 12 months, and
then, yearly. For each lesion, the volume was measured
at each follow-up MR FIESTA sequence using
GammaPlan software. The tumor volume was measured
using slice-by-slice manual contouring of coregistered
MRIs with a 1- mm slice thickness. A significant
change in tumor volume for this study was defined as a
10% change. All volumetric analyses were performed
by 2 independent observers, and the mean of the
2 values was used in the analyses. Clinical complications
of radiosurgical treatment (cranial neuropathy, ataxia,
and hydrocephalus) were documented at each clinic
visit.

The clinical data and pretreatment imaging were
reviewed for each patient to define pretreatment charac-
teristics to be used for the analysis, including age and
tumor morphology (cystic or solid). Tumors were
defined as cystic when more than one-third of the
tumor mass was hypointense on MRI.

The dosimetric variables studied included Dmax,
V100, number of isocenters, maximum dose to brain-
stem, RTOG conformity index, MDPD (homogeneity
index defined as the maximum dose in the treatment
volume divided by the prescription dose), gradient
index (Paddick17), and dose rate. All dosimetric values
were calculated on the day of treatment and maintained
prospectively in a locally developed database.

All statistical analyses were performed using SPSS,
version 17 (SPSS Inc., Chicago, IL). A probability of
,.05 was defined as statistically significant.

Results

In the 75 patients included in the study, the median age
was 58. Three patients in the series had neurofibromato-
sis type 2, and 9 patients had undergone prior microsur-
gery. Table 1 shows the patient characteristics. The
median tumor volume at treatment was 1.71 cm3

(range, 0.26 cm3–8.19 cm3). Table 2 demonstrates the
radiosurgical parameters for the 75 patients. The
median follow-up was 29 months (range, 24–60
months). Twenty-six patients (34.7%) developed non-
auditory adverse radiation effects following treatment,
including trigeminal neuropathy (22%), facial weakness
(4%), hydrocephalus (4%), and new ataxia (13%) and
1 patient developed hemifacial spasm.

Tumor Response

Using sequential volumetric measurements, for the pur-
poses of this study, we defined tumor response categories
as type 1 (stable), type 2 (tumor regression), type 3

(initial progression, then stability; pseudoprogression),
and type 4 (serial growth). Forty-nine patients (65%)
showed tumor stability or regression (types 1 and 2)
(Fig. 1). The median volume change in the type 2
group was 53% (range, 10%–88%).

Seventeen patients (23%) had tumor pseudoprogres-
sion (type 3). The increase in tumor size occurred at
6 months in all but one patient, who demonstrated enlar-
gement at 12 months. No further enlargement was seen
beyond 24 months in any patient in this group. The
median change in volume was 23% (range, 10%–
81%). Of the 17 patients with pseudoprogression, 7
(41%) tumors remained at the enlarged size at last
follow-up, and 10 (59%) had regressed to smaller than
the treatment volume at last follow-up (Fig. 2).

Nine patients (12%) had continued tumor enlarge-
ment on sequential imaging. The median follow-up in
this group was 36 months. The median change in
volume in the type 4 response was 67% (range, 10%–
507%). Three patients have subsequently undergone
microsurgery for symptomatic tumor growth. Only
1 patient demonstrated early significant and sympto-
matic tumor enlargement, presenting with dramatic
enlargement of a cystic VS and undergoing microsurgery
at 3 months. The remaining 2 failures requiring micro-
surgical intervention were declared at 36 and 48
months. Figure 3 shows the overall tumor control in
the series. Other than the single early failure with symp-
tomatic cystic enlargement, no patients in this type 4
group demonstrated any tumor enlargement until the
24-month scan.

Table 1. Patient characteristics

Variable Value

Age, years, median (range) 58 (21–84)

VS morphology Cystic 13 (17.3%)
Solid 62 (82.7%)

Sex Male 31 (41.3%)
Female 44 (58.7%)

NF2 3

Prior microsurgery 9

Total follow-up, years, median (range) 29 (24–60)

Table 2. Radiosurgical dosimetry parameters in 75 patients

Variable Median Range

Treatment volume (cm3) 1.71 0.26–8.19

Number of isocentres 11 1–29

Gradient index 2.77 2.4–3.4

Dose rate 2.89 2.54–3.53

V100 (%) 98.3 93.6–99.9

DMax 24 17–34

Conformity index (RTOG) 1.27 1–2.1

MDPD (Homogeneity index) 2 1.43–2.50

Maximum brainstem dose (Gy) 13 2.1–19.7
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There was no association between the category of
tumor response and the onset of complications (x2 test:
P ¼ .615).

Predictors of Tumor Response

Tumor response (either stability or growth) was used as
the dependent variable for univariate logistic regression
analysis, to identify predictors of tumor response.
Pretreatment (age and tumor morphology) and dosi-
metric variables with P , .10 in univariate analysis
were then included in a multivariate analysis. Although
maximum brainstem dose was significant on univariate
analysis (P ¼ .05), it does not retain significance on
multivariate analysis (Table 3). The mean brainstem

dose for those with stable tumors (types 1 and 2) was
12.7 Gy. The mean brainstem dose in those with an
increase in tumor volume was 11 Gy. No additional
patient or dosimetric variables were predictive of
tumor response after radiosurgery.

Discussion

In this series using sequential volumetric assessment, we
demonstrate regression of VS following radiosurgery in
55% of tumors. A significant proportion (23%) in this
series undergo pseudoprogression, with the onset of
enlargement at 6 months. In our series with a median
follow-up of 29 months, 9% of tumors remained at a
larger size during the period of follow-up available.
However, it is important that treatment failure should
not be declared because those tumors in this group
remain stable beyond 24 months and, moreover, are
not associated with a clinical deterioration.
Conversely, all those with what we characterize as type
4 tumor response (serial growth), with persistent serial

Fig. 1. Bar chart of tumor response in 75 patients.

Fig. 2. Line plots of (a) 17 patients with pseudoprogression

(type 3), (b) 9 patients with progression (type 4).

Table 3. Univariate and multivariate analysis for predictors of
pseudoprogression

Variable P-value

Univariate Multivariate

Treatment volume (cm3) .24 –

Age at treatment .39 –

Cystic tumor .34 –

Gradient index .88 –

Dose rate .41 –

MDPD .63 –

Isocenters .06 .12

V100 .07 .10

DMax .94 –

Conformity index .15 –

Max brainstem dose .05 .06

Fig. 3. Kaplan–Meier Curve.
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volume increase, were stable until at least the 24-month
scan, except one patient with a cystic VS who had signifi-
cant symptomatic cystic enlargement at 3 months and
underwent microsurgery. We therefore conclude that
solid tumors seen to enlarge at 6 months are unlikely
to be a treatment failure and that only late enlargement
beyond 24 months is indicative of failure.

Considering the number of studies of outcome in
radiosurgery for VS, only 8 studies explore the
concept of pseudoprogression (Table 4). Of impor-
tance, pseudoprogession has been reported in both
Gamma Knife– and LINAC-based series, and early
radiosurgical series report a 5% rate of transient swel-
ling, or what is now referred to as pseudoprogres-
sion.1,18 In more recent series, the reported incidence
of pseudoprogression following radiosurgery for VS
was 17%–74%, using differing methods of measure-
ment.6,10,12,14–16,19 The increase in reported rates of
pseudoprogression may also reflect a higher awareness
of the occurrence of this phenomenon. With use of a
multiple linear measurement method to calculate
tumor volume, as described by Linskey et al.,20 the
reported incidence of tumor enlargement is 14%–
54%.10,16,21 Van de Langenberg et al. demonstrate
that digital segmentation techniques using volumetric
software is a more accurate method of assessment of
VS growth.22 Nagano et al.14 reported a 74% rate
of tumor expansion following Gamma Knife radiosur-
gery for VS, with the peak expansion seen at 6.4
months, and 8% of VS remained enlarged up to 5
years following treatment. Most studies, including
our series, show that pseudoprogression occurs at 6–
9 months following treatment and stabilizes at 2
years.10,12–14,21 Therefore, the timing of follow-up
imaging is important to differentiate pseudoprogres-
sion from treatment failure. Meijer et al.23 argue
that imaging should not be undertaken before 20
months. In our series, those tumors with persistent
enlargement did not begin to enlarge until at least
24 months, differentiating them from those with tran-
sient swelling as a direct treatment response. This
observation would support delaying imaging following

treatment; however, given that in our series and that
of Nagano et al.,14 9% of VS stabilized at a size
greater than the original treatment volume, early
imaging is required to differentiate pseudoprogression
from true treatment failure. However, we would advo-
cate that, based on our small series and those reported
in the literature, no clinical decisions should be made
until at least 36 months. Because we have not found
clinical symptoms to be associated with tumor
response, it would appear to be safe for follow-up
imaging to be performed only at 24 months and
yearly thereafter.

We defined a 10% threshold change in volume,
because previous studies on pseudoprogression have
used this criteria.14 Plotkin et al.24 recommend volu-
metric measurement of VS for objective response criteria
to standardise reporting. They propose a volumetric
change of 20% to define clinical response to treatment
or progression. In our series, based on a 20% threshold,
17% of tumors showed pseudoprogression, 52%
regressed, and 10.6% progressed.

The pathological explanation of pseudoprogression is
not precisely known. However, the biological effect of
radiosurgery on vestibular schwannoma cells is
thought to be a combination of acute inflammation
and vascular occlusion.25,26 It is therefore not surprising
that transient enlargement occurs. Radiation-induced
tumor necrosis6 and chronic intratumoral hemorrhage27

have been suggested as potential mechanisms, but why
this only occurs in a subset of treated VS is unclear. In
our series, no clinical or radiosurgical dosimetric par-
ameters were found to be significantly associated with
tumor enlargement. Of interest, a lower brainstem
dose shows a trend toward subsequent tumor enlarge-
ment but does not retain significance in multivariate stat-
istical analysis. Similarly, Nagano et al.14 showed that a
high dose rate was the greatest risk factor for tumor
expansion, but this was again not significant in
regression analysis. Meijer et al.23 did not find any
patient- or treatment-related factors, such as patient
age, tumor volume, or radiation parameters, that could
predict tumor progression.

Table 4. VS radiosurgery tumor response literature

Author Year Radiation
technique

Prescription
dose (Gy)

No.
patients

Measurement
technique

Pseudoprogression
%

Max.
volume
change %

Time to
enlargement
(months)

Nakamura et al.16 2000 GK 13.3 78 Linear volume 42 50 12

Yu et al.12 2000 GK 12 126 Digital
volumetric

62 20 6

Okunaga et al.13 2005 LINAC 14 42 Digital
volumetric

57 – 4

Hasegawa et al.14 2006 GK 13.2 254 Linear volume 10 – 9

Pollock10 2006 GK 13.5 30 Linear volume 11 75 9

Meijer et al.23 2008 LINAC 12.5 45 Digital
volumetric

31 25 –

Delsanti et al.21 2008 GK 12 332 Linear volume 54 – 6

Nagano et al.14 2008 GK 12 100 Digital
volumetric

74 50 6.4
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In our series, there was no significant association
between postradiosurgical clinical deterioration (cranial
neuropathy, ataxia, and hydrocephalus) and tumor
response. There was an overall rate of adverse effects of
34.7% among patients. Pollock reports that 20% of
patients had symptoms noted at the time of tumor enlar-
gement, but the number of adverse effects seen in those
without tumor enlargement is not reported in this
series.10 Nagano et al.14 found that there was a significant
difference in the rate of facial dysethesia, facial weakness,
and hemifacial spasm when comparing patients with a
.30% transient increase in tumor volume with those
with a ,30% transient increase in volume.

Conclusion

Tumor pseudoprogression should be anticipated and not
considered to be treatment failure. In our series, 23%
of VS treated with radiosurgery underwent

pseudoprogression, with onset at 6 months and, most
commonly, regression by 24 months. VS that begin to
enlarge only after 24 months are likely to be treatment
failure, and a second intervention should be considered
only at this stage.

In our series, there was no association between
transient tumor enlargement and clinical deterioration.
Therefore, we would advocate baseline imaging only
to document the maximum stable size of VS after
radiosurgery, and no salvage therapy should be insti-
tuted before 36 months, unless there is clinical need
to intervene.

We did not identify any clinical or dosimetric
parameters that could predict tumor pseudoprogression
in our series. Further studies are required to
understand the biological mechanisms of tumor pseudo-
progression and to identify clinical predictors of this
phenomenon.

Conflict of interest statement. None declared.
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