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OBJECTIVE: The restricted radiation tolerance of the anterior visual pathways repre-
sents a unique challenge for ablating adjacent lesions with single-session radiosurgery.
Although preliminary studies have recently demonstrated that multisession radiosur-
gery for selected perioptic tumors is both safe and effective, the number of patients in
these clinical series was modest and the length of follow-up limited. The current
retrospective study is intended to help address these shortcomings.

METHODS: Forty-nine consecutive patients with meningioma (n = 27), pituitary
adenoma (n = 19), craniopharyngioma (n = 2), or mixed germ cell tumor (n = 1)
situated within 2 mm of a “short segment” of the optic apparatus underwent multi-
session image-guided radiosurgery at Stanford University Medical Center. Thirty-nine
of these patients had previous subtotal surgical resection, and six had previously been
treated with conventional fractionated radiotherapy (6). CyberKnife radiosurgery was
delivered in two to five sessions to an average tumor volume of 7.7 cm® and a
cumulative average marginal dose of 20.3 Gy. Formal visual testing and clinical
examinations were performed before treatment and at follow-up intervals beginning at
6 months.

RESULTS: After a mean visual field follow-up of 49 months (range, 6-96 mo), vision
was unchanged postradiosurgery in 38 patients, improved in eight (16%), and worse
in three (6%). In each instance, visual deterioration was accompanied by tumor
progression that ultimately resulted in patient death. However, one of these patients,
who had a multiply recurrent adrenocorticotropic hormone-secreting pituitary ade-
noma, initially experienced early visual loss without significant tumor progression after
both a previous course of radiotherapy and three separate sessions of radiosurgery.
After a mean magnetic resonance imaging follow-up period of 46 months, tumor
volume was stable or smaller in all other cases. Two patients died of unrelated
nonbrain causes.

CONCLUSION: Multisession radiosurgery resulted in high rates of tumor control and
preservation of visual function in this group of perioptic tumors. Ninety-four percent of
patients retained or improved preradiosurgical vision. This intermediate-term experi-
ence reinforces the findings from earlier studies that suggested that multisession
radiosurgery can be a safe and effective alternative to either surgery or fractionated
radiotherapy for selected lesions immediately adjacent to short segments of the optic
apparatus.
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ally accepted technique for managing a spectrum of
small cranial base and inaccessible brain lesions (3, 14, 19,
21, 22, 28, 30, 33, 37, 45, 48, 51-53, 55-57, 62-65, 68, 70, 71, 74,
75). Nevertheless, the proximity of the anterior visual path-

Single-session radiosurgical ablation has become a gener-
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ways (optic nerve and optic chiasm) poses a particular chal-
lenge for ablating “perioptic” tumors; it is widely acknowl-
edged that the unique radiation sensitivity of the normal optic
apparatus precludes conventional radiosurgery when a lesion
is within 2 mm of the anterior visual pathways (23, 25, 35, 36,

www.neurosurgery-online.com



42, 49, 54, 66, 71). In lieu of primary radiosurgery, the most
widely used strategies for managing tumors that abut the
optic chiasm and nerve involve either standard fractionated
radiotherapy or a combination of microsurgical resection fol-
lowed by radiosurgical ablation.

Tumors involving the anterior visual pathways are fre-
quently managed with conventionally fractionated focal radi-
ation therapy, during the course of which, a lesion and the
immediately surrounding normal brain is bathed with
tumoral-static doses of radiation. Extensive clinical experience
has established dose and fractionation regimens for radiother-
apy that are quite effective for a range of neoplasms and result
in approximately a 3% risk of optic neuropathy for pituitary
tumors (7, 20, 27, 41, 46, 50) and less than 3% for cranial base
meningiomas (38, 39, 44, 58, 61, 73). However, tumor control
and, especially, tumor shrinkage after radiotherapy for many
perioptic lesions may not be quite as good as radiosurgery (15,
18, 43). Furthermore, because of spatial inaccuracies in patient
set-up, standard radiation therapy methods, when compared
with stereotactic radiosurgery techniques, irradiate a larger
region of normal brain, which can include a longer length of
optic apparatus as well as significant portions of the pituitary,
hypothalamus, and medial temporal lobe. Although the short-
term side effects of such irradiation seem minor, the longer-
term consequences are largely unstudied and potentially del-
eterious. Consistent with such conjecture, pituitary failure
occurring a decade or more after regional radiation therapy is
a well-described phenomenon (2, 16). The risk of hypopitu-
itarism with conventional radiotherapy is reported to be 30 to
70% (40, 47, 72, 76). Second malignancies and temporal lobe
necrosis are other established late complications (6, 8, 26, 34,
59, 72).

In selected perioptic lesions, a preliminary, open microsur-
gical resection that removes tumor compressing or immedi-
ately juxtaposed to the optic apparatus can enable later radio-
surgical ablation. Although this approach is frequently
possible, open surgery is inherently associated with additional
case-specific risks, not least of which is the very real potential
for visual loss accompanying the manipulation of often com-
promised anterior visual pathways.

The dose gradient that can be achieved with all forms of
single-session photon radiosurgery is typically inadequate for
the safe treatment of perioptic lesions. Furthermore, in many
cases, it is impossible to reliably delineate an optic apparatus
that is significantly effaced or displaced by tumor, even with
the best of computerized imaging. When any type of radiation
is being considered in such patients, one must find a way to
mitigate for the very real possibility that portions of the radi-
ation sensitive anterior visual pathways may lie within the
region of marginal prescribed dose; in fact, prudence dictates
that one must assume this to be true. With the goal of protect-
ing adjacent brain structures, such as the optic chiasm, the
recent emergence of image-guided radiosurgery now enables
the principles of limited multisession treatments to be used in
selected clinical circumstances as an alternative to surgical
resection and conventionally fractionated radiation therapy
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(XRT). Radiosurgical dose homogeneity also assumes special
importance, specifically in those situations in which the optic
apparatus cannot be visualized; again, one must assume that
the nerve is getting the maximal dose. Fortunately, the noniso-
centric beam delivery and inverse planning algorithms that
are used in image-guided radiosurgery (as opposed to isocen-
tric multishot technology) enable a significant measure of dose
homogeneity.

On the basis of this rationale, multisession radiosurgery was
used to manage selected perioptic lesions at Stanford Univer-
sity Medical Center starting in 1997 (42, 54). Although previ-
ous publications described our preliminary experience with
this technique, the size of these series was modest, and the
average follow-up period was only 29 months (54). These
limitations precluded more definitive conclusions about the
longer-term efficacy and safety of multisession radiosurgery
for tumors adjacent to the visual pathways. In the present
study, we extend the length of follow-up of our previous
publications and extrapolate these observations to a small
number of other lesions in and around the optic apparatus
such as craniopharyngioma.

PATIENTS AND METHODS

Patient Population

Clinical information obtained from patients undergoing Cy-
berKnife radiosurgery at Stanford University Medical Center
is maintained in an institutional review board-approved pro-
spective database. Within this database, there were 49 consec-
utive “perioptic” tumors located within 2 mm of a “short
segment” of the optic apparatus as determined by magnetic
resonance imaging (MRI) scans and which were all greater
than 3 years postradiosurgery treatment. The definition of the
term “short segment” became gradually more expansive over
the duration of this study as we acquired experience and
confidence in the relative safety of multisession radiosurgery.
The earliest treated lesions were smaller and tended to just
“touch” the nerves or chiasm. In the later stages of this expe-
rience, the length of the immediately adjacent anterior visual
pathway was “estimated” to be generally less than 2 cm,
although it is important to note that this structure could not in
many cases be confidently visualized (and, therefore, mea-
sured) even with the best of MRI scans, especially when the
nerve was displaced by tumor. In approximately 50% of the
cases, the lesion obscured or displaced the optic apparatus.
Once characterized as a “perioptic” tumor, multisession radio-
surgery was offered to all the patients in this series.

Of the 49 patients, there were 26 (53%) women and 23 (47%)
men with a mean age of 49 years (range, 17-86 yr). Six (12%)
patients had a history of previous standard radiotherapy.
Thirty-nine (80%) patients had previously undergone at least
one open surgical resection (craniotomy or transphenoidal
resection), for a total of 53 operations. Before undergoing
radiosurgery, 35 out of 49 (71%) patients experienced a range
of visual field deficits as documented by formal ophthalmo-
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TABLE 1. Characteristics of 49 patients in this series®

n = 2; prolactinoma, n = 1),
but nonsecreting in the re-
maining 12 cases. On contrast

Sex, no. (%)
Male
Female
Age (yr)
Mean
Range
Previous radiotherapy, no. (%)
Previous surgery, no. (%)
Visual field deficits, no. (%)
Tumor type
Meningioma
Pituitary adenoma
Craniopharyngioma
Mixed germ cell tumor
Mean target volume (cm?)
Mean marginal dose (Gy)
Mean maximal dose (Gy)
Number of treatment sessions, no. of patients (%)
5
4
3
2
Mean conformality index
(PIV/TIV)
Mean modified conformality index
(TIV X PIV)/TV?

computerized imaging, these
pituitary tumors involved
variable portions of the sella
and adjacent cavernous sinus
49 and had a suprasellar portion

that was situated within 2

6(12) mm of, immediately adjacent

39 (80) to, or displacing the anterior
35 (71) visual pathways. The two
craniopharyngioma in this

27 study, one residual and one
19 recurrent, consisted of solid
2 tumor intimately affixed to

1 the posterior chiasm. Finally,

7.7 (range,1.2-42)
20.3 (range, 15-30)
25.5 (range, 18-43)

in the single instance of
mixed germ cell tumor, the
residual lesion was located in
the floor of the anterior third

19 (39) ventricle.

2 (4)
17.(35) Clinical Assessment
1122)

Each patient in this study
was evaluated before radio-
surgery by clinical examina-
tion and thin-slice contrast-
enhanced MRI or contrast

1.40 (range, 1.01-1.88)

1.20 (range, 0.66-1.67)

2 PIV, prescribed isodose volume; TIV, tumor in isodose volume; TV, tumor volume.

high-resolution computed to-
mographic (CT) scans and un-

logic testing. Table 1 summarizes patient characteristics for this
series.

Pathological and Detailed Anatomic Characteristics

The lesions treated in this series were classified with refer-
ence to both histopathology and the immediate adjacent cra-
nial base location. For the 10 nonoperated patients with me-
ningioma, a presumptive diagnosis was established based on
MRI characteristics, particularly the pattern of contrast en-
hancement. Although many of the 27 meningiomas straddled
more than one anatomic location, the primary tumor site was
judged to be either the medial sphenoid wing (n = 3), cavern-
ous sinus alone (n = 9), cavernous sinus with posterior orbital
involvement (n = 6), orbital apex (n = 2), petroclival (n = 1),
or tuberculum sella (n = 6). By definition, every tumor was
within 2 mm of, and sometimes even displacing or completely
obscuring, portions of the anterior visual pathways. In the
latter situation, it was not possible to delineate the boundaries
of the optic apparatus, even on high-quality, thin-section MRI
scans.

There were 19 cases of histologically confirmed residual and
recurrent pituitary adenoma. These lesions were hormonally
active in seven patients (acromegaly, n = 4; Cushing’s disease,
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derwent formal visual field
testing. Serum hormone levels were measured when appropriate
in patients with hormonally active pituitary adenoma. A multi-
disciplinary team of neurosurgeons, radiation oncologists, and,
in many cases, a neuroradiologist determined treatment eligibil-
ity. Informed consent was obtained from all patients before en-
rollment in this institutional review board-approved clinical
study.

Radiosurgical Technique

For radiosurgical planning, thin-slice, high-resolution CT
images were obtained (after the intravenous administration of
125 ml of Omnipaque contrast [iohexol, 350 mgl/ml; Ny-
comed, Inc., Princeton, NJ]), using either a GE Light Speed 8i
or 16i Scanner (Milwaukee, WI). After network transfer to the
CyberKnife (Accuray, Inc.,, Sunnyvale, CA) treatment plan-
ning workstation, the treating surgeon manually outlined on
axial images the target volumes and critical structures; there
was simultaneous overlay of these contours on coronal and
sagittal reconstructions. With experience, we found that the
entire noneffaced anterior visual pathway, including both op-
tic nerves and chiasm, could be readily delineated on thin-
section (multidetector) CT scans, in conjunction with recon-
structed images through the cranial base. When this could not
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be performed, an MRI-CT fusion was performed (31 out of 49
patients) using thin-section MRI scans and the commercially
available software provided with the CyberKnife. Not infre-
quently, portions of the anterior visual pathways were dis-
placed or obscured by tumor and, therefore, could not be
confidently visualized with any imaging study.

Although a small number of treatment plans were designed
in this series using forward planning algorithms, for the vast
majority, a previously described inverse planning method was
used. This optimization technique seeks to find a maximally
conformal solution that simultaneously respects the dose con-
straints specified for certain critical structures such as the optic
chiasm and nerve (1). After iteratively computing a series of
conformal radiosurgical treatment volumes, dose-volume his-
tograms for both the target region and critical structures were
used to evaluate and select the optimal treatment plan.

Because, by definition, the optic chiasm and proximate optic
nerves abutted the tumor in most patients, it was not possible
to administer a significantly lower dose to the contiguous
portions of these structures than that administered to the
margins of the target volume. Nevertheless, the standard in-
verse treatment planning technique of the CyberKnife was
used to design plans that attempted to lower dose within
radiographically visible portions of the visual pathways as
well as those regions where this structure was thought to be,
even though it was invisible on imaging studies.

Dose Selection

The attending neurosurgeon and radiation oncologist
jointly determined the marginal and maximal dose, as well as
the number of sessions. This decision was influenced by a
multitude of factors including tumor volume, proximity and
extent of irradiated optic nerve, as well as a previous history
of radiation therapy. Although biological equivalent dose for-
mulas were used at first (Table 2), it is worth emphasizing that

RADIOSURGERY FOR PERIOPTIC LESIONS

the initial choice of number of sessions in this study was, in
large measure, empirically based, having been derived from
an earlier experience with multisession frame-based radiosur-
gery in patients with no other treatment options (three frac-
tions administered over 30 h). Although, as a general rule,
every effort was made not to exceed a maximum of 8 Gy per
session to any portion of the anterior visual pathway, when
this structure was displaced and could not be delineated sep-
arately from tumor, it was generally impossible to meet this
objective. The maximal number of sessions used (five sessions)
was reserved for patients (19 out of 49 patients) with the
longest involvement of the optic apparatus and where the
nerve or chiasm was most displaced and as a result, could not
be clearly distinguished (contoured) on imaging studies. In
this situation, it was generally possible to keep the single-
session dose to the visible portions of the visual pathways to
less than 5 Gy.

Radiosurgery was delivered in two to five sessions to an
average target volume of 7.7 cm? (range, 1.21-42 cm®) using a
total marginal dose of 20.3 Gy (range, 15.0-30.0 Gy) (Table 1).
Treatment dose was prescribed to a mean isodose line of 80%
(range, 70-95%), normalized to an average maximum dose of
25.5 Gy (range, 18-43 Gy). Patients were treated with five (n =
19), four (n = 2), three (n = 17), or two sessions (n = 11).
Individual sessions of radiosurgery were separated by 12 (n =
3) or 24 hours (n = 46).

Clinical Follow-up

Ophthalmic visual field examination, clinical evaluation and MRI
scans were performed for all patients before treatment and at
follow-up intervals of every 6 months posttreatment during the first
3 years and annually thereafter. A multidisciplinary tumor board
consisting of neurosurgeons and neuroradiologists assessed radio-
graphic imaging studies. Formal Goldman visual field testing was
performed by neuro-ophthalmologists. Patients from outside cen-
ters had their clinical reports, vi-

sual fields, and radiographic
TABLE 2. Biological equivalent dose values for commonly used radiosurgery dose schedules® studies sent to us for review,
Radiosurgery schedule BED (Gy) and comparisons were re-
. . corded. The formula for an ide-
sty em et wpen g St | e clipoid vl = 43
7 (length/2 X width/2 X
15 1 127.5 90 37.5 15 height/2), was used to estimate
16 1 144 101.3 41.6 16 relative tumor volume on pre-
18 1 180 126 50.3 18 treatment and follow-up con-
20 1 220 153.3 60 20 trast MIRT scans.
18 2 99 72 34.2 13.1
20 2 120 86.7 42.8 14.5
22 2 143 102.7 49.0 16.0 RESULTS
21 3 94.5 70 35.7 12.8
24 3 120 88 43.2 14.8 Tumor Control
21 4 76.1 57.8 345 11.4 Mean radiographic followup
25 5 87.5 66.7 40.3 123 was 46 months (range, 13-100
- — - mo; median, 45 mo). Forty-six
9 BED, biological equivalent dose. (94%) patients experienced oi-
ther a decrease of more than
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20% or stabilization (15 patients) in tumor volume throughout the
course of follow-up (Figs. 1 and 2, Table 3). However, in two menin-
gioma patients, tumor progression occurred close to or within the
treatment field and eventually resulted in death. A third patient
with Cushing’s disease had an initial good radiographic and hor-
monal response to each of three radiosurgical sessions before sub-
sequently developing further tumor recurrences, which ultimately
resulted in death.

FIGURE 1. Coronal (A and C) and sagittal (B and D) T-1 contrast MRI scans
demonstrating a recurrent, nonsecreting pituitary adenoma (arrows) in a 67-
year-old man just before (A and B) and 52 months after (C and D) multisession
CyberKnife radiosurgery using a prescription dose of 24 Gy at the 85th percentile
isodose line in five sessions. Bilateral visual field examination immediately before
(E and F) and 53 months after (G and H) radiosurgery.
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FIGURE 2. Axial T1 contrast MRI scans demonstrating residual previously
biopsied meningioma in a 46-year-old man before (A) and 55 months after (B)
multisession CyberKnife radiosurgery using a prescription dose of 18 Gy at 75th
percentile isodose line in five sessions. Visual field examination in the affected eye
immediately before (C) and 54 months after (D) radiosurgery.

TABLE 3. Results

Mean follow-up (visual field)
Vision, no. (%)

49 mo (range, 6-96 mo)

Unchanged 38 (78)

Improved 8 (16)

Worse 3(6)
Mean radiographic follow-up 46 mo
Tumor control or stabilization 46 (94%)

Vision

Mean visual field follow-up was 49 months (median, 46 mo;
range, 6-96 mo). Follow-up was less than 24 months in only
two cases; one of these patients (evaluated 6 mo postradiosur-
gery) died of pancreatic cancer 13 months after radiosurgery,
whereas another, an 82-year-old woman, had an unchanged
formal visual field at 18 months and subjectively stable vision
after 3 years of follow-up, albeit heavily compromised by both
severe macular degeneration and glaucoma.

Visual fields remained stable or improved in 46 out of 49
(94%) patients (Table 3). Eight of the 35 patients who had
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visual field abnormalities before radiosurgery experienced
significant improvements of vision. In contrast, three patients
in this study experienced gross deterioration in vision, which
was confirmed on formal visual testing. Two meningioma
patients lost vision in the ipsilateral eye (one went on to
complete blindness) in the setting of relentless and eventually
fatal tumor progression. The underlying cause of blindness in
both patients was simply the failure of radiosurgery to control
each meningioma. However, a third case of visual loss oc-
curred in one eye of a patient who had received a previous
course of radiotherapy and three separate sessions of radio-
surgery for a multiply recurrent adrenocorticotropic hormone-
secreting pituitary adenoma (in 1996, 1999, and 2001). In this
patient, radiation injury to the optic nerve was the presumed
culprit. Subsequently, this man’s pituitary tumor continued to
enlarge inexorably, and he ultimately died of this lesion.

Death from Unrelated Cause

Two patients in this study died from unrelated non-brain
tumor causes. A 76-year-old woman died of pancreatic cancer
and an 86-year-old man died from cardiopulmonary arrest.
Consequently, overall survival in this series was 90%, and
disease-specific survival was 94% during the 49-month mean
follow-up period.

Treatment-related Morbidity

Except for rare and fleeting headaches and an occasional
complaint of transient diplopia lasting for less than 6 weeks in
three patients, all of whom responded to a short course of
dexamethasone, there was no acute or subacute morbidity
observed during this study. The only significant long-term
morbidity related to vision. In two patients, both relatively
young women with “histologically benign” radiation-induced
cavernous sinus meningioma, varying degrees of blindness
developed over time and correlated with massive tumor re-
growth after an initial period of tumor shrinkage. Only one
patient in this series experienced visual loss that could be
directly attributed to radiosurgery. This 49-year-old man with
recurrent Cushing’s disease had previously undergone multi-
ple transsphenoidal resections, radiotherapy, and two previ-
ous courses of stereotactic radiosurgery. An MRI scan ob-
tained before his third course of radiosurgery revealed three
small foci of recurrent pituitary adenoma, one anterior and
medial to the left optic nerve, a second posterior and superior
to this optic nerve, and a third adjacent to the optic chiasm. In
addition, the patient was severely debilitated by an associated
significant increase in serum adrenocorticotropic hormone
levels. During his last course of radiosurgery, each tumor foci
was treated daily over a course of three sessions using a total
marginal dose of 21 Gy. Six months later, this patient experi-
enced complete loss of vision to his left eye without concom-
itant tumor growth on brain MRI scans. Eighteen months later,
he died from a massive regrowth of his pituitary adenoma.

NEUROSURGERY
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DISCUSSION

Despite numerous advances in imaging and operative tech-
nique, parasellar tumors remain a major neurosurgical chal-
lenge. Tumor control and binocular visual preservation con-
tinue to be the overriding concerns. By enabling acute
decompression of the optic nerves and chiasm, transsphenoi-
dal or transcranial microsurgical removal are the treatments of
choice for most patients. However, many perioptic tumors
involve the cavernous sinus and are not readily resectable.
Some patients, by virtue of age or medical infirmity, are poor
operative candidates. Whenever microsurgery is deemed in-
advisable, single-session radiosurgery or conventional frac-
tionated radiotherapy are currently the principle alternative
approaches (4, 11, 45, 49).

Single-session Radiosurgery

With a 5-year tumor control rate that exceeds 90%, single-
session radiosurgery is safe and effective for many parasellar
lesions (12, 29, 31, 65). However, in cases in which a segment
of the optic nerve or chiasm is irradiated with more than 8 to
10 Gy in a single fraction, studies demonstrate a risk of visual
injury (23, 36, 71). Consequently, when the distance between
tumor and anterior visual pathways is less than 3 mm, radio-
surgery in which the optic apparatus typically receives more
than 10 Gy is usually thought to be contraindicated. Although
our understanding of the precise threshold dose of radiation
that results in optic nerve or chiasm damage continues to
evolve, the basic principle is widely acknowledged.

Radiation Therapy for Perioptic Tumors

Surgically unresectable benign brain tumors that are within
3 mm of or even displacing the anterior visual pathways are
most commonly managed with XRT. Treatment of these le-
sions with doses of radiation between 45 and 55 Gy using 1.8
to 2 Gy fractions successfully prevents growth of tumor in
most patients (40, 69). Long-term (10 yr) local control ranges
from 68 to 89% for meningioma (5, 24, 69) and 89% for pitu-
itary adenoma (60), but only 53% for craniopharyngioma (67).
There is little doubt that radiation therapy is a powerful tool
for managing many benign parasellar and cranial base lesions.

The relative safety of using radiation therapy to treat para-
sellar lesions is unquestioned. However, there are inherent
limitations. Because of set-up inaccuracies, the treatment field
includes a margin that results in the irradiation of normal
structures such as the optic nerve, medial temporal lobe, hy-
pothalamus, and pituitary gland. Although generally thought
to be safe, this situation is undoubtedly responsible for the
occasional occurrence of injury to the anterior visual pathways
and the more common and well established association with
pituitary failure (10, 18). It is worth emphasizing that optic
nerve injury has been reported with even the most sophisti-
cated and accurate of modern conventionally fractionated ra-
diotherapy regimens (50). Much less frequently, brain necrosis
and secondary malignancy formation can complicate the treat-
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ment of lesions involving the parasellar region with conven-
tionally fractionated XRT. Meanwhile, the very long-term
(multiple decades) consequences of this normal, wider field
irradiation, a subject of great relevance to the treatment of
younger patients, remain uncharacterized.

There are additional shortcomings to conventional radio-
therapy. When conventionally fractionated treatment fails the
first time around to control a perioptic tumor, a second course
of treatment to the recurrent lesions is almost never an option.
Similarly, patients who have been previously treated with
radiation therapy to an adjacent cranial base region (for an-
other indication) are usually not eligible for a second course of
irradiation to a benign perioptic tumor. A final shortcoming to
standard XRT, albeit minor, is the fact that a 6-week course of
therapy may be inconvenient for many patients. Although
some radiation oncologists have legitimately argued that the
treatment of benign brain lesions need not be rushed (13), an
equally effective, yet shorter, treatment is nonetheless attrac-
tive to most patients.

Rationale for Using a Radiosurgical Technique

In contrast with spatially less accurate radiotherapy tech-
niques, radiosurgery has the capacity to minimize the irradi-
ation of nearby critical structures and, thereby, restrict collat-
eral damage. This ability to limit radiation damage to normal
brain anatomy would seem intrinsically desirable even if some
benefits defy easy identification. This capacity could be par-
ticularly beneficial in the treatment of perioptic lesions, in
which the radiation tolerance of the optic apparatus is so
critical. Our experience to date, which is also mirrored by
recent reports with single fraction gamma knife radiosurgery,
suggests that such a “volume effect” also exists for anterior
visual pathways (i.e., the radiation tolerance of the optic ap-
paratus and chiasm is inversely proportional to the length of
irradiated nerve) (42, 54). The existence of such a correspon-
dence would not be surprising given the otherwise apparent
universal nature of this radiosurgical principle throughout the
rest of the brain and, perhaps, even the spinal cord (17). The
“volume effect” is an important phenomenon throughout ra-
diosurgery and is likely to have played a key role in the
relative safety of the multisession radiosurgery administered
in this series.

Multisession Radiosurgery

Empirically derived, fractionation is a primary cornerstone
of radiation therapy. This concept allows radiation oncologists
to balance the opposing objectives encountered in the treat-
ment of tissues with markedly different responses (i.e., normal
and neoplastic). The recent arrival of image-guided radiosur-
gical technology now makes it practical to consider incorpo-
rating the principle of multiple sessions into the delivery of
radiosurgery. In doing so, this new class of treatment blends
the anatomic precision and conformality of radiosurgery with
the biological advantages of multiple treatments. One is no
longer constrained to administer highly accurate treatments in
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a single session, and, at the same time, by taking advantage of
the volume effect, one could, theoretically, use larger doses
per session for treating perioptic neoplasms than was previ-
ously possible with conventional radiation therapy. This po-
tential advantage provided the foundation for our use of
multisession radiosurgery for managing perioptic lesions.

Why Larger Doses per Session?

Because standard radiotherapy works so well, why change
the fraction size? Our earliest rationale for using multiple
radiosurgery sessions rather than the standard 1.8 to 2 Gy
fraction size stemmed from the limitations of frame-based
targeting and first-generation image-guidance technology.
However, an equally important rationale for using larger
doses per session of radiation stems from basic radiobiology.
Although there is no side-by-side controlled study to demon-
strate the benefits of larger fraction size in treating benign as
opposed to malignant brain tumors, there is a sound theoret-
ical basis for such a conclusion (9). Meanwhile, studies com-
paring stereotactic radiosurgery with XRT in the treatment of
benign tumors demonstrate high rates of tumor control with
both modalities. Nevertheless, the larger dose per session that
characterizes radiosurgery results in a higher biological equiv-
alent dose and subsequently correlates with greater tumor
shrinkage on follow-up imaging (43). Finally, larger doses per
session permit the treatment to be appreciably shortened rel-
ative to radiation therapy, which, all things being equal, is
desirable to most patients. With recent refinements in image-
guided technology, radiosurgery is now easily administered
in whatever number of sessions is biologically optimal for a
specific lesion.

Clinical Outcome

The clinical series reported here was heavily selected and
includes patients with several types of benign tumors, who
ranged in age and in their history of previous treatment. In
considering this spectrum of clinical scenarios and the slow
growth of many of these benign lesions, it is dangerous to
overstate the efficacy and safety of the clinical approach that
we investigated. Nevertheless, the overall intermediate-term
results as assessed by tumor control or shrinkage would seem
to be satisfactory by most measures, especially when consid-
ering that several patients had no other treatment alternatives.
Only longer follow-up periods can establish the ultimate rate
of control after multisession radiosurgery.

Visual Preservation

Three patients experienced visual loss, but the loss was
attributable to the radiosurgery itself in only one. This
patient was unique in that he had been treated with stan-
dard radiation therapy and radiosurgery on three separate
occasions before experiencing an injury to his optic nerve.
Clearly, there are limitations to the amount of radiation that
can be delivered safely. This particular patient was reluc-
tantly managed with such an aggressive course of radiation
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only because there were no other reasonable treatment al-
ternatives. The loss of vision in the other two patients was
caused by tumor progression. In retrospect, one of these
patients clearly seems to have received a subtherapeutic
dose. In the second patient, a multiply recurrent radiation-
induced lesion defied repeated efforts to achieve long-term
tumor control.

Although, occasionally, radiation-induced optic neurop-
athy has been reported to take several years to manifest, it
usually presents in the first 24 months after irradiation.
Consequently, the duration of follow-up in the present
series provides some measure of confidence that the tech-
nique we described is reasonably safe under these circum-
stances; we again emphasize that the patients in this series
had a relatively short segment (approximately 2 cm or less)
of involved optic apparatus. It is quite possible that patients
with even larger tumors with longer nerve involvement
treated with multisession radiosurgery could experience
visual complications.

It is possible that, with longer follow-up periods, addi-
tional patients in this series might experience visual loss as
a result of radiation injury. Ove et al. (49) reported visual
pathway injury occurring more than 2 years after radiosur-
gery. In contrast, Kondziolka et al. (32) recently reported, in
a series of patients with benign tumors followed for more
than 9 years, that postradiosurgery complications or tumor
progression very rarely occurred beyond 3 years. Our own
experience at Stanford is more consistent with Kondziolka
et al.’s study. After one and a half decades and more than
3500 patients, all significant radiation injury after radiosur-
gery presented during the first 2 years. Consequently, we
think it is improbable that there will be any major changes
in the visual outcome in these patients in the coming years.

Selection of Dose and Number of Sessions

At the start of this study, we harbored grave concerns
that effective multisession radiosurgical doses could prove
injurious to the adjacent anterior visual pathways. Initial
selection of doses and number of sessions were based
largely on the senior author’s (JRA) earlier experience, al-
beit limited, using inpatient, frame-based stereotactic tar-
geting to administer three sessions to selected perioptic
tumors that could not be managed with single-session ra-
diosurgery. The subsequent availability of image-guided
radiosurgery enabled greater flexibility in selecting a course
of hypofractionation, and as the scope of this experience has
grown, we became emboldened to expand its application to
new indications such as ever larger lesions, resulting in ever
greater effacement or obscuration of the visual pathways.
Despite the relative success with small and moderate size
lesions described in this report, it is possible that optic
nerve injury can result if one breaches some dose per vol-
ume threshold beyond the approximate 2.0 cm (length of
nerve) limit of the current series.

NEUROSURGERY
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The current study demonstrates both the relative safety and
intermediate-term efficacy of multisession radiosurgery in the
management of selected perioptic lesions. However, it would
be naive to suggest that the specific dose of radiation and the
number of fractions used in this report represent some opti-
mum for such tumors. It is not unreasonable that the optimal
dose in individual patients may depend on a range of vari-
ables including pathology, volume of tumor, length of in-
volved optic apparatus, history of previous surgical or irradi-
ation intervention, patient age, specific region of visual
pathway involvement, etc. Significantly, more study is needed
to address these numerous variables and refine our current
understanding. However, the doses and number of sessions
we report here constitute useful starting points for future
investigation with multisession radiosurgery. Despite the re-
maining uncertainties, multisession radiosurgery seems to be
a useful tool for managing selected parasellar lesions that
involve the visual pathways.

Limitations of the Current Study

Although multisession radiosurgery has proven relatively
successful in our experience, definitive conclusions about the
safety and efficacy of this technique for perioptic lesions will
require further experience and follow-up, ideally in conjunc-
tion with multiple institutions. In addition, it should be em-
phasized that the patients in this series represent a highly
selected group, the exact characteristics of which are still not
crisply defined. As a result, selection bias may well be an
important factor in the outcome currently being reported.
Finally, key radiosurgical treatment parameters (i.e., dose to
optic apparatus and length of treated nerve), values that are
commonly described elsewhere in the radiosurgical literature,
have yet to be rigidly defined for a multisession approach to
perioptic tumors. In large part, this situation stems from our
limited ability to accurately gauge dose, as is more typically
done with dose-volume histograms within obscured and or
displaced portions of the anterior visual pathways. Although
greater experience and longer follow-up periods have the
potential to significantly increase our confidence in multises-
sion radiosurgery and better identify its limitations, it is also
possible that some of the more difficult to characterize aspects
of this technique will, like much of neurosurgery, remain
within a realm of “the art of medicine.”

SUMMARY

The present investigation confirms that multisession radio-
surgery seems to be a safe and effective treatment for parasel-
lar lesions that are in close proximity to a short segment optic
chiasm and proximal optic nerves. Still, longer follow-up pe-
riods with more patients are needed to completely validate
these conclusions.

VOLUME 59 | NUMBER 2 | AUGUST 2006 | 51



ADLER ET AL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

REFERENCES

. Adler JR Jr, Murphy M]J, Chang SD, Hancock SL: Image-guided robotic

radiosurgery. Neurosurgery 44:1299-1306, 1999.

. Agha A, Sherlock M, Brennan S, O’Connor SA, O’Sullivan E, Rogers B, Faul

C, Rawluk D, Tormey W, Thompson CJ: Hypothalamic-pituitary dysfunc-
tion following irradiation of non-pituitary brain tumours in adults. J Clin
Endocrinol Metab 90:6355-6360, 2005.

. Aichholzer M, Bertalanffy A, Dietrich W, Roessler K, Pfisterer W,

Ungersboeck K, Heimberger K, Kitz K: Gamma knife radiosurgery of skull
base meningiomas. Acta Neurochir (Wien) 142:647-652, 2000.

. Andrews DW, Faroozan R, Yang BP, Hudes RS, Werner-Wasik M, Kim SM,

Sergott RC, Savino PJ, Shields J, Shields C, Downes MB, Simeone FA,
Goldman HW, Curran W] Jr: Fractionated stereotactic radiotherapy for the
treatment of optic nerve sheath meningiomas: Preliminary observations of
33 optic nerves in 30 patients with historical comparison to observation with
or without prior surgery. Neurosurgery 51:890-903, 2002.

. Barbaro NM, Gutin PH, Wilson CB, Sheline GE, Boldrey EB, Wara WM:

Radiation therapy in the treatment of partially resected meningiomas.
Neurosurgery 20:525-528, 1987.

. Brada M, Ford D, Ashley S, Bliss JM, Crowley S, Mason M, Rajan B, Traish

D: Risk of second brain tumour after conservative surgery and radiotherapy
for pituitary adenoma. BMJ 304:1343-1346, 1992.

. Brada M, Rajan B, Traish D, Ashley S, Holmes-Sellors PJ, Nussey S, Uttley

D: The long-term efficacy of conservative surgery and radiotherapy in the
control of pituitary adenomas. Clin Endocrinol (Oxf) 38:571-578, 1993.

. Breen P, Flickinger JC, Kondziolka D, Martinez AJ: Radiotherapy for non-

functional pituitary adenoma: Analysis of long-term tumor control.
J Neurosurg 89:933-938, 1998.

. Brenner DJ, Hall EJ: Stereotactic radiotherapy of intracranial tumors: An

ideal candidate for accelerated treatment. Int J Radiat Oncol Biol Phys
28:1039-1047, 1994.

Cantore WA: Neural orbital tumors. Curr Opin Ophthalmol 11:367-371,
2000.

Chang SD, Adler JR Jr: Treatment of cranial base meningiomas with linear
accelerator radiosurgery. Neurosurgery 41:1019-1025, 1997.

Chang SD, Adler JR Jr, Martin DP: LINAC radiosurgery for cavernous sinus
meningiomas. Stereotact Funct Neurosurg 71:43-50, 1998.

Chang SD, Gibbs IC, Sakamoto GT, Lee E, Oyelese A, Adler JR Jr: Staged
stereotactic irradiation for acoustic neuroma. Neurosurgery 56:1254-1261,
2005.

Chen JC, Giannotta SL, Yu C, Petrovich Z, Levy ML, Apuzzo ML:
Radiosurgical management of benign cavernous sinus tumors: Dose profiles
and acute complications. Neurosurgery 48:1022-1030, 2001.

Cozzi R, Barausse M, Asnaghi D, Dallabonzana D, Lodrini S, Attanasio R:
Failure of radiotherapy in acromegaly. Eur J Endocrinol 145:717-726, 2001.
Darzy KH, Shalet SM: Hypopituitarism after cranial irradiation.
J Endocrinol Invest 28:78-87, 2005.

Dodd RL, Ryu M, Kamnerdsupaphon P, Gibbs IC, Chang SD, Adler JR Jr:
Cyberknife radiosurgery treatment of benign intradural extramedullary spi-
nal tumors. Neurosurgery 58:674-685, 2006.

Estrada J, Boronat M, Mielgo M, Magallon R, Millan I, Diez S, Lucas T,
Barcelo B: The long-term outcome of pituitary irradiation after unsuccessful
transsphenoidal surgery in Cushing’s disease. N Engl J] Med 336:172-177,
1997.

Feigl GC, Bonelli CM, Berghold A, Mokry M: Effects of gamma knife
radiosurgery of pituitary adenomas on pituitary function. J Neurosurg
97:415-421, 2002.

Fisher BJ, Gaspar LE, Noone B: Radiation therapy of pituitary adenoma:
Delayed sequelae. Radiology 187:843-846, 1993.

Friedman WA, Foote KD: Linear accelerator radiosurgery for skull base
tumors. Neurosurg Clin North Am 11:667-680, 2000.

Fukuoka S, Ito T, Takanashi M, Hojo A, Nakamura H: Gamma knife radio-
surgery for growth hormone-secreting pituitary adenomas invading the
cavernous sinus. Stereotact Funct Neurosurg 76:213-217, 2001.

Girkin CA, Comey CH, Lunsford LD, Goodman ML, Kline LB: Radiation
optic neuropathy after stereotactic radiosurgery. Ophthalmology 104:1634-
1643, 1997.

252 | VOLUME 59 | NUMBER 2 | AUGUST 2006

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Goldsmith BJ, Wara WM, Wilson CB, Larson DA: Postoperative irradiation
for subtotally resected meningiomas. A retrospective analysis of 140 patients
treated from 1967 to 1990. J Neurosurg 80:195-201, 1994.

Heilbrun MP, Mehta VK, Le QT, Chang SD, Adler JR Jr, Martin DP: Staged
image guided radiosurgery for lesions adjacent to the anterior visual path-
ways. Acta Neurochiur 144:1101, 2002 (abstr).

Hoshi M, Hayashi T, Kagami H, Murase I, Nakatsukasa M: Late bilateral
temporal lobe necrosis after conventional radiotherapy. Neurol Med Chir
(Tokyo) 43:213-216, 2003.

Hughes MN, Llamas K], Yelland ME, Tripcony LB: Pituitary adenomas:
Long-term results for radiotherapy alone and post-operative radiotherapy.
Int ] Radiat Oncol Biol Phys 27:1035-1043, 1993.

Ikeda H, Jokura H, Yoshimoto T: Transsphenoidal surgery and adjuvant
gamma knife treatment for growth hormone-secreting pituitary adenoma.
J Neurosurg 95:285-291, 2001.

Kalapurakal JA: Radiation therapy in the management of pediatric cranio-
pharyngiomas: A review. Childs Nerv Syst 21:808-816, 2005.

Kobayashi T, Kida Y, Mori Y: Gamma knife radiosurgery in the treatment of
Cushing disease: Long-term results. J] Neurosurg 97:422-428, 2002.
Kondziolka D, Levy EI, Niranjan A, Flickinger J, Lunsford LD: Long term
outcomes after meningioma radiosurgery: Physician and patient perspec-
tives. ] Neurosurg 91:44-50, 1999.

Kondziolka D, Nathoo N, Flickinger JC, Niranjan A, Maitz AH, Lunsford
LD: Long-term results after radiosurgery for benign brain tumors.
Neurosurgery 53:815-822, 2003.

Kondziolka D, Niranjan A, Lunsford LD, Flickinger JC: Stereotactic radio-
surgery for meningiomas. Neurosurg Clin North Am 10:317-325, 1999.
Kry SF, Salehpour M, Followill DS, Stovall M, Kuban DA, White RA, Rosen
II: The calculated risk of fatal secondary malignancies from intensity-
modulated radiation therapy. Int J Radiat Oncol Biol Phys 62:1195-1203,
2005.

Leber KA, Bergloff J, Langmann G, Mokry M, Schrottner O, Pendl G:
Radiation sensitivity of visual and oculomotor pathways. Stereotact Funct
Neurosurg 1:233-238, 1995.

Leber KA, Bergloff J, Pendl G: Dose-response tolerance of the visual path-
ways and cranial nerves of the cavernous sinus to stereotactic radiosurgery.
J Neurosurg 88:43-50, 1998.

Lunsford LD, Witt TC, Kondziolka D, Flickinger JC: Stereotactic radiosur-
gery of anterior skull base tumors. Clin Neurosurg 42:99-118, 1995.
Maguire PD, Clough R, Friedman AH, Halperin EC: Fractionated external-
beam radiation therapy for meningiomas of the cavernous sinus. Int J
Radiat Oncol Biol Phys 44:75-79, 1999.

Maire JP, Caudry M, Guerin J, Celerier D, San Galli F, Causse N, Trouette R,
Dautheribes M: Fractionated radiation therapy in the treatment of intracra-
nial meningiomas: Local control, functional efficacy, and tolerance in 91
patients. Int ] Radiat Oncol Biol Phys 33:315-321, 1995.

McCollough WM, Marcus RB Jr, Rhoton AL Jr, Ballinger WE, Million RR:
Long-term follow-up of radiotherapy for pituitary adenoma: The absence of
late recurrence after greater than or equal to 4500 cGy. Int J Radiat Oncol
Biol Phys 21:607-614, 1991.

McCord MW, Buatti JM, Fennell EM, Mendenhall WM, Marcus RB Jr,
Rhoton AL, Grant MB, Friedman WA: Radiotherapy for pituitary adenoma:
Long-term outcome and sequelae. Int J Radiat Oncol Biol Phys 39:437-444,
1997.

Mehta VK, Lee QT, Chang SD, Cherney S, Adler JR Jr: Image guided
stereotactic radiosurgery for lesions in proximity to the anterior visual
pathways: A preliminary report. Technol Cancer Res Treat 1:173-180, 2002.
Metellus P, Regis J, Muracciole X, Fuentes S, Dufour H, Nanni I, Chinot O,
Martin PM, Grisoli F: Evaluation of fractionated radiotherapy and gamma
knife radiosurgery in cavernous sinus meningiomas: Treatment strategy.
Neurosurgery 57:873-886, 2005.

Milker-Zabel S, Zabel A, Schulz-Ertner D, Schlegel W, Wannenmacher M,
Debus J: Fractionated stereotactic radiotherapy in patients with benign or
atypical intracranial meningioma: Long-term experience and prognostic
factors. Int J Radiat Oncol Biol Phys 61:809-816, 2005.

Morita A, Coffey R], Foote RL, Schiff D, Gorman D: Risk of injury to cranial
nerves after gamma knife radiosurgery for skull base meningiomas: Expe-
rience in 88 patients. J] Neurosurg 90:42-49, 1999.

www.neurosurgery-online.com



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Movsas B, Movsas TZ, Steinberg SM, Okunieff P: Long-term visual changes
following pituitary irradiation. Int ] Radiat Oncol Biol Phys 33:599-605, 1995.
Nelson PB, Goodman ML, Flickenger JC, Richardson DW, Robinson AG: En-
docrine function in patients with large pituitary tumors treated with operative
decompression and radiation therapy. Neurosurgery 24:398-400, 1989.
Nicolato A, Ferraresi P, Foroni R, Pasqualin A, Piovan E, Severi F, Masotto B,
Gerosa M: Gamma Knife radiosurgery in skull base meningiomas. Preliminary
experience with 50 cases. Stereotact Funct Neurosurg 1:112-120, 1996.

Ove R, Kelman S, Amin PP, Chin LS: Preservation of visual fields after
peri-sellar gamma-knife radiosurgery. Int J Cancer 90:343-350, 2000.

Paek SH, Downes MB, Bednarz G, Keane WM, Werner-Wasik M, Curran W]
Jr, Andrews DW: Integration of surgery with fractionated stereotactic radio-
therapy for treatment of nonfunctioning pituitary macroadenomas. Int J
Radiat Oncol Biol Phys 61:795-808, 2005.

Pendl G, Eustacchio S, Unger F: Radiosurgery as alternative treatment for
skull base meningiomas. J Clin Neurosci 1:12-14, 2001.

Pendl G, Schrottner O, Eustacchio S, Feichtinger K, Ganz J: Stereotactic
radiosurgery of skull base meningiomas. Minim Invasive Neurosurg 40:
87-90, 1997.

Pendl G, Schrottner O, Friehs GM, Feichtinger H: Stereotactic radiosurgery
of skull base meningiomas. Stereotact Funct Neurosurg 1:11-18, 1995.
Pham CJ, Chang SD, Gibbs IC, Jones P, Heilbrun MP, Adler JR Jr: Prelimi-
nary visual field preservation after staged CyberKnife radiosurgery for
perioptic lesions. Neurosurgery 54:799-810, 2004.

Pollock BE, Kondziolka D, Lunsford LD, Flickinger JC: Stereotactic radio-
surgery for pituitary adenomas: Imaging, visual and endocrine results. Acta
Neurochir Suppl (Wien) 62:33-38, 1994.

Pollock BE, Nippoldt TB, Stafford SL, Foote RL, Abboud CF: Results of
stereotactic radiosurgery in patients with hormone-producing pituitary ad-
enomas: Factors associated with endocrine normalization. J Neurosurg 97:
525-530, 2002.

Pollock BE, Stafford SL, Link MJ: Gamma knife radiosurgery for skull base
meningiomas. Neurosurg Clin North Am 11:659-666, 2000.

Pourel N, Auque J, Bracard S, Hoffstetter S, Luporsi E, Vignaud JM, Bey P:
Efficacy of external fractionated radiation therapy in the treatment of me-
ningiomas: A 20-year experience. Radiother Oncol 61:65-70, 2001.

Sachs RK, Brenner DJ: Solid tumor risks after high doses of ionizing radia-
tion. Proc Natl Acad Sci U S A 102:13040-13045, 2005.

Salinger DJ, Brady LW, Miyamoto CT: Radiation therapy in the treatment of
pituitary adenomas. Am Clin Oncol 15:467-473, 1992.

Selch MT, Ahn E, Laskari A, Lee SP, Agazaryan N, Solberg TD, Cabatan-
Awang C, Frighetto L, Desalles AA: Stereotactic radiotherapy for treatment of
cavernous sinus meningiomas. Int J Radiat Oncol Biol Phys 59:101-111, 2004.
Sheehan JP, Kondziolka D, Flickinger J, Lunsford LD: Radiosurgery for
residual or recurrent nonfunctioning pituitary adenoma. J Neurosurg 97:
408-414, 2002.

Sheehan JM, Vance ML, Sheehan JP, Ellegala DB, Laws ER Jr: Radiosurgery
for Cushing’s disease after failed transsphenoidal surgery. J Neurosurg
93:738-742, 2000.

Shin M, Kurita H, Sasaki T, Tago M, Morita A, Ueki K, Kirino T: Stereotactic
radiosurgery for pituitary adenoma invading the cavernous sinus.
J Neurosurg 93 3:2-5, 2000.

Stafford SL, Pollock BE, Foote RL, Link MJ, Gorman DA, Schomberg PJ, Leavitt JA:
Meningioma radiosurgery: Tumor control, outcomes, and complications among
190 consecutive patients. Neurosurgery 49:1029-1037, 2001.

Stafford SL, Pollock BE, Leavitt JA, Foote RL, Brown PD, Link MJ, Gorman DA,
Schomberg PJ: A study on the radiation tolerance of the optic nerves and chiasm
after stereotactic radiosurgery. Int J Radiat Oncol Biol Phys 55:1177-1181, 2003.
Stripp DC, Maity A, Janss AJ, Belasco JB, Tochner ZA, Goldwein JW,
Moshang T, Rorke LB, Phillips PC, Sutton LN, Shu HK: Surgery with or
without radiation therapy in the management of craniopharyngiomas in
children and young adults. Int J Radiat Oncol Biol Phys 58:714-720, 2004.
Subach BR, Lunsford LD, Kondziolka D, Maitz AH, Flickinger JC: Man-
agement of petroclival meningiomas by stereotactic radiosurgery.
Neurosurgery 42:437-443, 1998.

Taylor BW Jr, Marcus RB Jr, Friedman WA, Ballinger WE Jr, Million RR: The
meningioma controversy: Postoperative radiation therapy. Int J Radiat
Oncol Biol Phys 15:299-304, 1988.

NEUROSURGERY

RADIOSURGERY FOR PERIOPTIC LESIONS

70. Thoren M, Hoybye C, Grenback E, Degerblad M, Rahn T, Hulting AL: The
role of gamma knife radiosurgery in the management of pituitary adeno-
mas. ] Neurooncol 54:197-203, 2001.

71. Tishler RB, Loeffler JS, Lunsford LD, Duma C, Alexander E Kooy HM,
Flickinger JC: Tolerance of cranial nerves of the cavernous sinus to radio-
surgery. Int J Radiat Oncol Biol Phys 27:215-221, 1993.

72. Tsang RW, Brierley JD, Panzarella T, Gospodarowicz MK, Sutcliffe SB,
Simpson WJ: Radiation therapy for pituitary adenoma: Treatment outcome
and prognostic factors. Int J Radiat Oncol Biol Phys 30:557-565, 1994.

73. Uy NW, Woo SY, Teh BS, Mai WY, Carpenter LS, Chiu JK, Lu HH, Gildenberg P,
Trask T, Grant WH, Butler EB: Intensity-modulated radiation therapy (IMRT) for
meningioma. Int J Radiat Oncol Biol Phys 53:1265-1270, 2002.

74. Villavicencio AT, Black PM, Shrieve DC, Fallon MP, Alexander E, Loeffler
JS: Linac radiosurgery for skull base meningiomas. Acta Neurochir (Wien)
143:1141-1152, 2001.

75. Zhang N, Pan L, Wang EM, Dai JZ, Wang BJ, Cai PW: Radiosurgery for
growth hormone-producing pituitary adenomas. J Neurosurg 3:6-9, 2000.

76. Zierhut D, Flentje M, Adolph ], Erdmann J, Raue F, Wannenmacher M:
External radiotherapy of pituitary adenomas. Int ] Radiat Oncol Biol Phys
33:307-314, 1995.

Acknowledgments

We thank Dave Schaal for his help with editing; Beth Hoyte for assistance with
the figures; and Marilyn Adler, Barbara Pedrick, and Aysha Ali for their help in
obtaining patient follow-up data. We also thank Dr. Timothy McCully from the
Department of Ophthalmology at Stanford for assistance in obtaining visual
field studies. This study was funded through grants from both the Wakerly
Family Foundation and the Lorraine M. Ulshafer Memorial fund. We also
acknowledge that 34 of the patients in this cohort were included in an earlier
report by Pham et al., albeit with much shorter follow-up period. John R. Adler, Jr. is a
shareholder in Accuray, Inc., the manufacturer of the CyberKnife.

COMMENTS

he authors evaluated visual and clinical outcomes after multisession

radiosurgery for tumors close to visual structures. Overall, the results of
tumor control and visual preservation were good. The rate of visual decline
was 6%. This study adds to the notion that tumors lying directly against the
optic nerve or chiasm can be safely addressed with radiosurgery. The old
adage that the tumor needs to be 3, 5, or 7 mm away from the optic nerve has
not been regarded as true for some time, but, in the past, when higher tumor
margin doses were thought necessary, this was recommended. However,
long-term tumor control can be safely achieved with margin doses of 11 to13
Gy in a single session using optic system doses below 9 Gy. Sophisticated
software platforms allow the dose to be contoured away from critical struc-
tures. Indeed, the concept of keeping the optic chiasm dose below 8 Gy may
have been overly cautious and was based on little evidence. Adler et al.
review the present limitations with conventional fractionated radiation ther-
apy and argue for accurate radiosurgery of benign tumors. Such targeting is
facilitated by high-resolution magnetic resonance imaging, often with fat
suppression techniques.

Douglas S. Kondziolka
Pittsburgh, Pennsylvania

he treatment of sellar and juxtasellar tumors near the optic apparatus

remains a significant challenge for neurosurgeons and radiation oncolo-
gists. This article represents the longest reported follow-up period of intra-
cranial “multisession” radiosurgically treated patients (mean, 49 mo; range,
6-96 mo). At last neuroimaging follow-up examination, 63% of tumors had
decreased in size by 20% or more, 31% remained stable, and 6% increased.
The authors observed visual field decline and tumor-related death in 6% of
the patients. The latter fact speaks to the continued seriousness of this
neurosurgical problem and the need for improved treatment.
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“Multisession” radiosurgery falls between standard, single-fraction radio-
surgery, and image-guided stereotactic radiation therapy. Overall, the tech-
nique looks promising. However, with the introduction of new techniques in
neurosurgery, enthusiasm and overuse are the norm. As the risk and benefit
profile is better defined, the indications are narrowed, and the application of
the technique declines to a more appropriate level. We have much to learn
about “multisession” radiosurgey, including long-term (10 yr or longer)
tumor control rates, risk to the optic apparatus (visual acuity and not just
visual fields), risk to the carotid artery, rate of delayed hypopituitarism, risk
of radiation-induced neoplasia, and risk of other cranial neuropathies. Rates
of hypopituitarism, cerebrovascular accidents, and radiation-induced neo-
plasia seem to be higher with standard fractionation schemes (1-3).

With regard to meningioma and pituitary adenoma tumor volumes
postradiosurgery, the experience at my institution has been that the
longer the follow-up period, the more likely the tumor either decreases or
increases in size. In the long-term, few tumors remain “stable.” Dysfunc-
tion of Cranial Nerves II, III, IV, V, and VI typically occurs within 3 years
of radiosurgery. However, in this series, those patients who were fol-
lowed for less than 3 years may still be at risk of developing visual
dysfunction and should be followed closely. In my experience, delayed
tumor growth, radiation-induced neoplasia, and hypopituitarism can
occur much later than 3 years after gamma knife surgery.

As a neurosurgeon, I welcome this new technique for dealing with peri-
optic tumors. “Multisession” radiosurgery may be appropriate for those
unwilling or unable to undergo extirpation, traditional radiosurgery, or
image-guided radiation therapy. With a better understanding of its risk-to-
benefit ratio as afforded by this series, the indications for this technique will
be better defined. Optimal treatment algorithms will only be developed if
surgery, radiosurgery, and radiation therapy are studied in more detail and
with open-ended follow-up periods.

Jason P. Sheehan
Charlottesville, Virginia
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Visual field preservation is a critical issue in the treatment of
perioptic meningiomas or pituitary adenomas. Evaluation of ra-
diation tolerance of the optic apparatus after single-fraction radiosur-
gery has been a challenging task because radiation optic neuropathy
can occur from 7 to 30 months after radiosurgery (1). A recent review
of 218 patients treated with gamma knife radiosurgery showed that
the risk of developing a clinically significant radiation optic neurop-
athy was 1.1% for patients receiving 12 Gy or less to the nerves or
chiasm (2). Based on this and other literature, most centers adhere to
the 8 Gy guideline for single fraction radiosurgery, whereas others
treat up to 12 Gy in a small portion of the optic apparatus. In many
cases, for lesions in proximity to the anterior visual pathways, a
sufficient dose to the tumor cannot be achieved within these accepted
guidelines for normal optic nerve tolerance, and it becomes necessary
to treat perioptic lesions with either fractionated external beam radi-
ation therapy or microsurgical approaches.
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This article presents intriguing preliminary data, suggesting that fraction-
ated radiosurgery can be performed without increased toxicity to the visual
apparatus. Although the radiation tolerance of the optic structures with
fractionated radiosurgery regimens remains unknown, the data shown here
suggest that there may be room to escalate dose and possibly improve tumor
control.

Stella Lymberis
Radiation Oncologist
Philip H. Gutin
New York, New York
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dler et al. present follow-up visual field data on 49 patients with tumors

situated within 2 mm of the anterior visual apparatus and treated with
multifraction (2-5 sessions) radiosurgery. All but two patients had 24-month
visual field follow-up examinations demonstrating a high degree of visual
preservation (94%) with this treatment strategy. This is an important article
that demonstrates visual preservation rates comparable to conventional frac-
tionation strategies in a significant number of patients.

I would suggest, however, that the authors may somewhat overstate
the case for CyberKnife radiosurgery. Modern, intensity modulated ra-
diotherapy and positioning strategies (e.g., bite-plate light-emitting diode
systems) provide highly conformal treatments with submillimetric posi-
tioning errors. Conventional radiotherapy, including radiosurgery, has
substantially improved and remains a very viable alternative to radio-
surgery, whether it is single or multiple fraction. As the authors note,
more data exists for efficacy and safety in the conventionally fractionated
(30 fractions) and single fraction (radiosurgery) treatment paradigms
than for hypofractionated (2-5 fractions) protocols.

The authors also incorrectly state that their technique provides better
homogeneity than multi-isocenter radiosurgery. Other linear accelerator
systems routinely treat to the 70% isodose line because that is the isodose
that provides the steepest dose gradient outside the target volume. In
fact, there is very little evidence that appropriately conformal radiosur-
gical treatments to the 50% line (the standard gamma knife paradigm) are
associated with higher complications. The argument has also been made
that dose inhomogeneity, by increasing the dose within the tumor, may
be beneficial. The CyberKnife provides no technical advantage in terms
of homogeneity, nor has any such difference been conclusively demon-
strated to be clinically important.

Finally, most radiosurgical groups switched to magnetic resonance imag-
ing scans years ago for targeting. With some difficulty, one might identify the
optic apparatus on thin-cut computed tomographic slices, but there is no
doubt that the optic nerves and chiasm, as well as most other normal and
abnormal brain structures, are much better seen on magnetic resonance
imaging scans than on computed tomographic scans. The ability to accu-
rately image the tumor margins and normal brain structures with magnetic
resonance imaging scans is arguably one of the most significant advances in
radiosurgical treatments in the past decade. Without the best possible imag-
ing, it is not possible to generate the best possible conformal treatment plans
or dose gradients away from critical structures.
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