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CLINICAL STUDY

Long-term results of hypofractionated stereotactic radiotherapy
with CyberKnife for growth hormone-secreting pituitary
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Abstract The aim of the present study was to evaluate
the safety and feasibility of hypofractionated stereotactic
radiotherapy (SRT) with CyberKnife for growth hormone-
secreting pituitary adenoma (GH-PA). Fifty-two patients
with GH-PA were treated with hypofractionated SRT
between September 2001 and October 2012. Eight patients
had clinically silent GH-PA and 44 were symptomatic.
Only 1 patient was inoperable. The other patients had
recurrent or postoperative residual tumors on MRI. All
patients had received pharmacotherapy prior to SRT with a
somatostatin analog, dopamine agonist, and/or GH receptor
antagonist. The marginal doses were 17.4-26.8 Gy for the
3-fraction schedule and 20.0-32.0 Gy for the S5-fraction
schedule. Endocrinological remission was assessed by the
Cortina consensus criteria 2010 (random GH <1 ng/ml or
nadir GH after an oral glucose tolerance test <0.4 ng/ml

< Hiromitsu Iwata
h-iwa-ncu@nifty.com

Department of Radiation Oncology, Nagoya Proton Therapy
Center, Nagoya City West Medical Center, 1-1-1, Hirate-cho,
Kita-ku, Nagoya 462-8508, Japan

Department of Neurosurgery, Yokohama CyberKnife Center,
Yokohama, Japan

Department of Neurosurgery, CyberKnife Center, Japanese
Red Cross Medical Center, Tokyo, Japan

Radiation Oncology Center, Suzukake Central Hospital,
Hamamatsu, Japan

Division of Quality Management with Radiotherapy,
Yokohama CyberKnife Center, Yokohama, Japan

6 Department of Hypothalamic and Pituitary Surgery,

Toranomon Hospital, Tokyo, Japan

Department of Radiology, Nagoya City University Graduate
School of Medical Sciences, Nagoya, Japan

and normalization of age- and sex-adjusted insulin-like
growth factor-1). The median follow-up period was
60 months (range 27-137). The 5-year overall survival,
local control, and disease-free survival rates were 100, 100,
and 96 %, respectively. Nine patients (5 clinically silent
and 4 symptomatic patients) satisfied the Cortina criteria
without receiving further pharmacotherapy, whereas the
remaining 43 patients did not. No post-SRT grade 2 or
higher visual disorder occurred. Symptomatic post-SRT
hypopituitarism was observed in 1 patient. CyberKnife
hypofractionated SRT is safe and effective when judged by
imaging findings for GH-PA. However, it may be difficult
to satisfy the Cortina consensus criteria in most symp-
tomatic patients with SRT alone. Further investigations of
optimal treatments are warranted.

Keywords Hypofractionated stereotactic radiotherapy -
CyberKnife - Growth hormone-secreting pituitary
adenoma - Cortina consensus - Optic pathway

Introduction

Pituitary adenoma (PA) is a benign tumor that constitutes
approximately 15 % of all intracranial tumors [1, 2].
Functioning PA has been divided into growth hormone
(GH)-secreting adenoma, prolactin-secreting adenoma,
adrenocorticotropic hormone (ACTH)-secreting adenoma,
thyroid-stimulating hormone-secreting adenoma, and
gonadotropin (luteinizing hormone and follicle-stimulating
hormone)-secreting adenoma. Approximately 25-30 % of
patients with GH-secreting PA (GH-PA) and ACTH-se-
creting PA are free of symptoms despite hormone excess;
these tumors are called clinically silent PA [3, 4]. Adenoma
mostly develops during adulthood and rarely during
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childhood. GH-PA accounts for approximately 20 % of all
PA cases. Acromegaly is a clinical syndrome that results
from the excessive secretion of GH. Its clinical features
have been attributed to high serum concentrations of
pituitary-derived GH and liver-derived insulin-like growth
factor-1 (IGF-1), which is GH-dependent [5]. Excess GH
and IGF-1 have somatic and metabolic effects: acral and
soft tissue overgrowth, skin thickening, hyperinsulinism,
insulin resistance, and overt diabetes [6, 7]. They addi-
tionally elevate the risk of malignant tumors. If excess GH
persists for a long time, elevations occur in the incidence of
cardiovascular events, and failure to achieve a GH level
within the biochemical criterion range has been reported to
lead to a death rate that is two- to four-fold higher than that
in healthy individuals and also decrease life expectancy by
10-15 years [8, 9].

Treatments for GH-PA aim to prevent the excessive
secretion of growth hormones. A basic approach in the
treatment of GH-PA is surgery (transcranial and
transsphenoidal surgery) and drug therapy. Since decreases
in GH and IGF-1 typically take years after radiotherapy
(RT), GH-PA is not necessarily treated by immediate RT
after resection, unlike non-functioning PA. However, RT is
considered if residual or recurrent tumors invade the cav-
ernous sinus or in cases in which repeated surgeries have
resulted in fibrosis and inoperability. RT is also considered
for poor responders to surgery and pharmacotherapy or
cases requiring tumor control for the suppression of visual
disorders.

Conventional RT was previously used to treat these
cases; several investigators reported their results, which is a
relatively safe option for tumors close to organs at risk
(OAR) such as the brainstem and optic apparatus [10, 11].
However, owing to the convenience and precision of
treatment, as well as the reduced risk of hypopituitarism,
the use of stereotactic irradiation is increasing. The out-
comes of Gamma Knife stereotactic radiosurgery (SRS)
have been reported [12-14], with relatively favorable
outcomes being achieved. However, several issues have
been identified in previous studies. First, the biochemical
criteria for the normalization of GH used in earlier and
recent studies markedly differ. The Cortina consensus
criteria have been adopted since 2010, and the satisfaction
of a stricter criterion has begun to be recommended [15].
The strict criteria are as follows; random GH <1 ng/ml or
nadir GH after an oral glucose tolerance test <0.4 ng/ml
and the normalization of age- and sex-adjusted IGF-1.
Second, while the targeting accuracy and dose fall-off of
the Gamma Knife treatment are excellent, a single fraction
treatment may not be appropriate for tumors that are large
or adjacent to optic pathways because the dose limitation
for these structures is considered to be 8-10 Gy when
given in a single session [16, 17]. The sparing of normal
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tissues, especially late-responding tissues presumably with
a low o/p ratio (<3 Gy), such as the optic pathways and
brain stem, may be more efficiently treated by lower daily
doses with fractionated radiation than with SRS [18, 19]. In
order to achieve increased local control while maintaining
low optic pathway toxicity, we started protocol-based
hypofractionated SRT with the CyberKnife system for GH-
PA in 2001. We used a hypofractionated schedule, which
was similar to that for the other types of PA. In the present
study, we analyzed the safety and efficacy of hypofrac-
tionated SRT with CyberKnife for GH-PA at multiple
institutions.

Methods
Study design, patient eligibility, and characteristics

This was a prospective study based on protocols designed
by the Clinical Study Committees of the Japanese Red
Cross Medical Center, Yokohama CyberKnife Center, and
Okayama Kyokuto Hospital and was approved by the
Institutional Review Boards. The eligibility criteria were as
follows: (1) histologically confirmed GH-PA, (2) failure to
satisfy the Cortina consensus criteria following surgery and
drug therapy for more than 6 months or inoperability, (3)
no prior radiotherapy or chemotherapy for cranial disease,
and (4) written informed consent. Fifty-two patients with
GH-PA were treated with hypofractionated SRT using
CyberKnife between September 2001 to October 2012. As
pharmacotherapy, a somatostatin analogue was adminis-
tered as an initial choice. If hormone levels did not satisfy
the Cortina consensus with surgery and the somatostatin
analogue, a dopamine agonist and/or growth hormone-re-
ceptor antagonist was added. Since older Cortina consensus
criteria were adopted previously, some patients were not
administered a somatostatin analogue as the first choice.
Patient and tumor characteristics are summarized in
Table 1. Most of the tumors were adjacent to the OARs.

Treatment protocols

SRT was delivered in either 3 or 5 fractions, and the
S-fraction schedule was used for young patients (<30 years
old) and those with tumors that were large (>10 cc), taking
the possibility of late toxicities into consideration. Radia-
tion doses were prescribed at the margin [95 % volume
border of the planning target volume (PTV)]. The planned
dose was, as a rule, either 21 Gy in 3 fractions or 25 Gy in
5 fractions; when the doses delivered to the OAR (optic
nerve, chiasm, and brain stem) exceeded these levels, the
marginal doses were reduced. Thus, the maximum doses
allowed for the OAR were 21 Gy in 3 fractions or 25 Gy in
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Table 1 Patient, tumor and
treatment characteristics and
dose volume analyses

269
Characteristics
Total 52
Age (years) median (range) 35 (14-67)
Gender Male/female 15/37
Karnofsky performance status 100/90/80 51/0/1
After surgery/medical inoperability 51/1
Tumor volume (cc) median (range) 4.4 (0.2-19.8)
Drug therapy before SRT SA/DA/GHRA 43/35/20
Interval between final surgery and SRT (months) 8 (1-133)
Pre SRT serum GH (ng/ml) 5.0 (1.9-161)

Pre SRT serum IGF-1 (ng/ml)
Symptomatic GH-PA (gigantism/acromegaly)/clinically silent
Fraction number 3/5

Marginal dose D95 (Gy) 3/5%
Maximum dose (Gy) 3/5

Prescribed isodose (%) 3/5

Conformity index® 3/5

Conformity index® 3/5

Homogeneity index” 3/5

Optic nerve maximum dose (Gy) 3/5
Optic chiasm maximum dose (Gy) 3/5
Pituitary stalk maximum dose (Gy) 3/5
Brain stem maximum dose (Gy) 3/5

457 (119-1400)

44 (1/43)/8

41/11

21.0 (17.4-26.8)/25.0 (20.0-32.0)
25.3 (21.7-35.6)/30.1 (27.4-37.6)
80.2 (69.0-89.3)/82.0 (62.0-86.0)
1.4 (1.1-2.0)/1.4 (1.2-1.7)

0.7 (0.5-0.9)/0.7 (0.6-0.8)

1.2 (1.1-1.4/1.2 (1.1-1.6)

16.8 (1.0-21.0)/22.2 (8.6-25.0)
15.6 (1.2-21.0)/23.3 (16.1-25.0)
15.5 (1.2-21.0)/23.2 (18.2-25.0)
14.7 (0.7-21.0)/21.6 (14.9-25.0)

SRT stereotactic radiotherapy, SA somatostatin analogue, DA dopamine agonist, GHRA growth hormone-
receptor antagonist, /GF-I insulin-like growth factor-1, GH-PA growth hormone-secreting pituitary ade-
noma, D95 dose delivered to 95 % of the planned target volume

Data are presented as absolute numbers or the median (range)

% Fraction number: 3 = 3 fractions; 5 = 5 fractions

® Conformity index, prescribed isodose volume (PIV)/target volume (TV); Homogeneity index, maximum
dose within the TV/prescribed dose, according to RTOG [23]

¢ Paddick conformity index, (TV covered by prescribed isodose volume)Z/(TV x PIV) [24]. Radiation
doses were prescribed at the margin (95 % volume border of the planned target volume)

5 fractions. When the OAR doses were kept below these
levels, dose escalations were performed as much as pos-
sible. All irradiation was given once a day, 3-5 days a
week.

CyberKnife system and treatment planning

The CyberKnife system (Accuray, Sunnyvale, CA, USA) is
equipped with a 6-MV photon-beam accelerator, robotic
arm that can be moved in 6 dimensions of freedom, and
target locating system (TLS). These features have already
been described in detail in our previous studies [19-21]. It
has very high precision, and the geometrical accuracy of
CyberKnife was previously shown to be less than 0.5 mm
[22].

The method of irradiation was also described in our
previous studies [19, 20]. Briefly, radiation treatment was
planned using a CT-based 3-dimensional treatment

planning system (Ontarget [Accuray, Sunnyvale, CA,
USA], until December 2008, or Multiplan [Accuray], from
January 2009). Patients were lightly restrained with a
custom-made thermoplastic face mask (WFR/Aquaplast
Corp., Avondale, PA, USA), and 1.5-mm-thick CT images
were taken after the administration of iopamidol. Magnetic
resonance imaging (MRI) was performed with a 1.5-T
system. Tl-weighted contrast-enhanced images were
obtained after the injection of meglumine gadopentetate
(slice thickness: 2.0 mm, and slice interval: 0.5 mm). MRI
images were then fused with CT images using Ontarget or
Multiplan.

Lesions visible on CT and/or MRI were taken as the
gross tumor volume. By taking the direction of tumor
invasion into consideration, the clinical target volume
(CTV) was adjusted based on information from the pre-
operative images, discussion with the surgeon, and CT and/
or MRI taken for planning. The PTV was equal to the CTV.
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Conformal treatment plans were designed for all cases
using an inverse planning algorithm that involved setting
dose constraints to minimize the irradiation delivered to
critical structures such as optic pathways and the brain
stem. The doses were calculated on the basis of the ray
tracing algorithm.

Follow-up evaluation and statistical analysis

Patients were followed periodically after SRT. Regular
follow-up studies included brain MRI, visual perception
tests, and examinations of hormonal levels, applying the
Cortina consensus criteria to the evaluation of biochemical
hormone data. If hormone levels satisfied the Cortina
consensus criteria, the doses of pharmacotherapy were
reduced or interrupted. The overall survival, local control,
and disease-free survival rates were calculated using the
Kaplan—Meier method. Radiographic recurrences outside
the PTV were not included in the calculation of local
control rates. Differences between pre-treatment and last
follow-up random GH and IGF-1 levels were examined by
the paired ¢ test. Values of P < 0.05 were considered to be
significant. Statistical analyses were carried out with Stat-
View Version 5 (SAS Institute Inc., Cary, NC, USA) and
SPSS 11.0 J (SPSS Japan Inc., Tokyo, Japan). Toxicities
were evaluated with the Common Terminology Criteria for
Adverse Events version 4.0.

Results
Treatment characteristics

The 3-fraction and 5-fraction SRT schedules were deliv-
ered to 41 and 11 patients, respectively. In 18 patients, the
total dose was reduced (median, 20.0 Gy; range,
17.4-24.5 Gy), because the doses delivered to the optic
pathways or brain stem exceeded the maximum doses. In 6
patients, the dose was escalated (23.0 Gy; 22.0-32.0 Gy).
A summary of the treatments is also shown in Table 1. The
conformity and homogeneity indices were calculated
according to the Radiation Therapy Oncology Group 1993
criteria [23] and the former was also calculated according
to Paddick conformity index [24].

Survival and local control

All patients were observed for a minimum of 2 years. The
median duration of follow-up was 60 months (range
27-137) for all patients. The 5-year overall survival rate
was 100 % (95 % confidence interval [CI] 100-100 %).
The 5-year local control and progression-free survival rates
were 100 % (CI 100-100 %) and 96 % (CI 90-100 %),
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respectively (Fig. 1). At 5 years or more after the treat-
ment, 3 patients developed local recurrence that was
detectable by diagnostic imaging. Recurrence outside the
irradiated field was detected in 2 cases (one in the con-
tralateral cavernous sinus and the other in the skull base).
All of these recurrent cases were symptomatic cases, and
none of the 8 clinically silent cases developed recurrence.
Figure 2 shows changes in random GH and IGF-1 levels
from pre-irradiation measurements to measurements at the
time of the last follow-up after irradiation. Figure 3 shows
changes in serum hormone levels in symptomatic and
clinically silent cases. Nine patients (5 clinically silent and
4 symptomatic patients) satisfied the Cortina consensus
criteria without receiving further pharmacotherapy. Three
clinically silent patients did not satisfy the Cortina con-
sensus, but the pharmacotherapy was stopped because their
random GH became <1.5 ng/ml and age- and sex-adjusted
IGF-1 was normalized. On the other hand, the remaining
40 symptomatic patients failed to satisfy the criteria despite
the continuous administration of pharmacotherapy. One of
the clinically silent cases was treated with a dopamine
agonist; however, medication has now been discontinued in
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Fig. 2 Changes in GH (a) and IGF-1 (b) levels from pre-irradiation
measurements to measurements at the time of the last follow-up after
irradiation (total population). Pre-irradiation serum GH and IGF-1
levels were 5.0 (2.74-10.03) (median, 95 % confidence interval) ng/
ml and 455 (353-600) ng/ml, respectively. Serum GH and IGF-1
levels in the last follow-up were 1.89 (1.40-2.50) ng/ml and 242
(193-300) ng/ml, respectively. Significant differences were observed
in serum GH and IGF-1 levels between pre- and post-irradiation
(P < 0.0001). Changes in GH (¢) and IGF-1 (d) levels from pre-
irradiation measurements to measurements at the time of the last

all clinically silent cases. Although hypofractionated SRT
significantly = reduced hormone levels, complete
endocrinological remission was only achieved in 17 % of
all cases and 9 % of symptomatic cases when rated with
the Cortina consensus criteria. There were no significant
differences in radiographic control and hormonal control
due to the fractionation schedule and radiation dose.

Complications

No post-SRT Grade 2 or higher visual disorder was
observed. Post-SRT hypopituitarism was observed in 1
patient who received no hormone replacement after sur-
gery. No radiation-induced brain necrosis or paralysis of
the oculomotor or abducens nerve was observed. No tran-
sient cyst enlargement was noted. There were no significant
differences in late toxicities between the two fractionation
schedules.
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follow-up after irradiation (in symptomatic and silent cases). Pre-
irradiation serum GH and IGF-1 levels for symptomatic and silent
pituitary adenoma were 5.5 (3.00-10.65) (median, 95 % confidence
interval) ng/ml, 2.50 (1.98—4.60) ng/ml, 500 (408-600) ng/ml, and
375 (342—-413) ng/ml, respectively. Serum GH and IGF-1 levels in the
last follow-up for symptomatic and silent pituitary adenoma were
2.00 (1.52-2.88) ng/ml, 0.31 (0.20-1.33) ng/ml, 250 (205-300) ng/
ml, and 187 (156-240) ng/ml, respectively. Significant differences
were observed in serum GH and IGF-1 levels for each group between
pre- and post-irradiation (P < 0.01)

Discussion

Table 2 shows representative RT results for GH-PA [12-
14, 25-28]. Various RT techniques, machines, and dose
specifications were used at each institution. Representative
studies of various SRS techniques indicated biochemical
hormone control rates of 30-82 % with a median follow-up
period of 5 years or longer [12—-14, 25-28]. However, most
evaluations in these studies were based on criteria such as
GH <2.5 (ng/ml) rather than the Cortina consensus criteria.
Many studies reported that 5-10 years or more are required
before hormone levels decrease [10, 11]. In the present
study, 60 % of all cases satisfied GH <2.5 and IGF-
1< age- and sex-normalized levels, whereas only 17 %
satisfied the Cortina consensus criteria. On the other hand,
55 % of symptomatic cases satisfied the previously used
criteria of GH <2.5 ng/ml and IGF-1< age- and sex-nor-
malized levels, whereas only 9 % satisfied the Cortina
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Fig. 3 Example of hypofractionated SRT using CyberKnife for a
patient with growth hormone-secreting pituitary adenoma. a Gadolin-
ium-enhanced coronal MRI before SRT and the visual field test.

consensus criteria. Symptomatic cases had some difficulty
satisfying the Cortina consensus criteria when treated with
hypofractionated SRT alone. However, an increase in the
drug dose and the addition of other drug types could be
avoided to some extent by hypofractionated SRT. Although
the relatively short follow-up period and small sample size
were limitations in interpreting the results of this study, a
higher radiation dose appeared to be needed in order to
obtain better results. As a next step, we are planning to
prescribe the dose at a 70 % isodose line and use 3-T MRI
for planning to diagnose residual tumors precisely.
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b CyberKnife planning. ¢ Gadolinium-enhanced coronal MRI and the
visual field test 11 months after SRT. d Gadolinium-enhanced
coronal MRI 120 months after SRT

The incidences of visual disorders and hypopituitarism
were also similar to those reported previously. In the pre-
sent study, approximately 20 % of patients had a large
tumor (>10 cc) that would not normally be treated with
Gamma Knife SRS. Moreover, most tumors were adjacent
to the OARSs such as optical pathways. Despite the presence
of such difficult cases, our results for hypofractionated SRT
were consistent with previous findings. Favorable out-
comes may have been achieved by our use of hypofrac-
tionation [19, 20]. If our findings on 100 cases of non-
functioning PA [19] and 40 cases of craniopharyngioma
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Table 2 Representative reported results of SRS for growth hormone-secreting pituitary adenoma
Author, year Therapy, Patient Marginal dose Treatment outcome: biochemical remission for GH and IGF-1, Follow-up
device number (mean) toxicity (months)
Attanasio et al. SRS, GK 30 20.0 Gy/1 Fr 30 % (Not CC), hormone deficiency: 7 %, 46 (median)
[12] visual deterioration: 0 %
Wang et al. [13] SRS, GK 149 209 Gy/1 Fr  64.9 % (Not CC), no toxicity 72.5 (mean)
Ikeda et al. [14] SRS, GK 17* 20.0 Gy/1 Fr 82 % (Not CC), no toxicity -
Fukuoka et al. [25] SRS, GK 9% 20 Gy/l Fr 40 % (Not CC), no toxicity 42 (mean)
Kobayashi [26] SRS 67 18.9 Gy/l Fr 4.8 % (CC), hormone deficiency: 14.5 %, 63.3 (mean)
GK visual deterioration: 11.1 %
Lee et al. [27] SRS, GK 136 25 Gy/l Fr 31.7, 64.5, 73.4, 82.6 % (2, 4, 6, 8 year) (CC), 61.5
hormone deficiency: 31.6 %, visual deterioration: 3 % (median)
Yan et al. 2013 SRS, 22 15 Gy/l Fr 68.2 % (Not CC), hormone deficiency: 22.7 % 94.7 (mean)
[28] Liniac
This study 2015 HSRT, CK 52 21.0 Gy/3 Fr 17 % (CC), hormone deficiency: 2 %, visual 60 (median)
or deterioration: 0 %
25.0 Gy/5 Fr

SRS stereotactic radiosurgery, GK gamma knife, HSRT hypofractionated stereotactic radiotherapy, CK CyberKnife; Fr fractions, CC Cortina

consensus, Y years

? Invading to cavernous sinus

[20] are taken into account, the doses of 21 Gy/3 Fr and
25 Gy/5 Fr may be regarded as safe and rational for
achieving a satisfactory long-term outcome in the optic
pathway. However, comparison with GammaKnife data
would be useful to evaluate the efficacy of hypofraction-
ated SRT. In GammaKnife treatment for GH-PA, a single
dose of 20-25 Gy was applied to the tumor [12-14, 25,
27], but considering the adverse effects on optic pathways,
the dose to the OAR may better be reduced to 8-10 Gy [16,
17]. To estimate the corresponding single doses for our
hypofractionated doses, the linear-quadratic (LQ) model is
known to be unreliable, but the corresponding single dose
for hypofractionated doses may be roughly estimated by
adding 15-20 % to the single dose calculated by the LQ
model [29, 30]; by applying this hypothesis, these
hypofractionated doses appeared to correspond to approx-
imately 14-17 Gy given in a single fraction (SRS). Most of
the tumors in our cases were adjacent to the optic path-
ways, and these doses are apparently higher than the safe
SRS doses of 8-10 Gy. Fractionation was considered
desirable from the viewpoint of adverse events, and the
results obtained in the present study are expected to serve
as useful indicators of dose limits for hypofractionation
targeting the optic pathway. There has not yet been any
recommendation for the optic pathway dose when using
hypofractionation.

Clinically silent and totally silent GH-PA is a concept
reported previously [3, 4, 31, 32]. Wade et al. [3] showed
that, when GH-PA was categorized into 4 types, approxi-
mately 1/3 of all cases belonged to the silent GH-PA group.
A previous study also found GH-PA in 3-19 % of all

surgically treated cases of non-functioning PA [33].
According to the findings of a more recent study, responses
to this treatment vary depending on the histological fea-
tures of GH-PA. Lee et al. [34] divided GH-PA into two
histological subtypes (densely granulated and sparsely
granulated somatotroph cell types) and found that the
remission rate was markedly higher for the densely gran-
ulated somatotroph-cell adenoma group. Mori et al. [35]
showed that, when GH-PA was analyzed immunohisto-
chemically, approximately 45 % showed a monohormonal
pattern and 55 % a plurihormonal pattern. Furthermore,
one-quarter of the monohormonal GH adenomas had a dot-
like pattern of cytokeratin immunoreactivity in most tumor
cells (>80 %); they were significantly more common in
female or younger patients and were slightly larger and
more invasive than monohormonal GH adenomas with
perinuclear cytokeratin. The results of the present study
demonstrated that clinically silent GH-PA differed mark-
edly from symptomatic GH-PA in terms of pathophysiol-
ogy. These results suggest that a careful follow-up without
additional treatment may suffice if total mass reductions
are achievable. In the near future, we intend to explore how
histological differences reflect responses to radiotherapy by
analyzing outcomes in relation to pathological findings at
the time of surgery.

In the present study, there were many cases in which
tumor shrinkage or complete response was observed after
SRT when evaluated by diagnostic imaging; however, the
effects observed on these images were not reflected in bio-
chemical data. Figure 3 shows one such case. This was a
25-year-old woman with acromegaly who had visual field
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abnormalities after multiple surgeries and drug therapy, and
was then judged to be inoperable. Before hypofractionated
SRT, GH was 3.5 ng/ml and IGF-1 was 310 ng/ml. She
underwent hypofractionated SRT using CyberKnife with
31.7 Gy in 5 fractions to her 12.4 cc tumor. Eleven months
after hypofractionated SRT, the tumor achieved a partial
response, and improvements were noted in the visual field.
At 120 months, the tumor achieved a complete response
when rated by diagnostic imaging. However, hormone levels
failed to completely satisfy the Cortina consensus (GH
5.2 ng/ml, IGF-1 305 ng/ml). Thus, in the present study,
there were many cases in which the control of a macroscopic
tumor did not satisfy the Cortina consensus criteria. Even
when tumor volumes are controllable by hypofractionated
SRT, achieving the suppression of GH appears to be difficult
with this therapy alone. Although the possibility that hor-
mones are produced by another co-existing microscopic
tumor cannot be ruled out, the satisfactory control of
symptomatic GH-PA requires multidisciplinary treatments,
involving a combination of surgery, drug therapy, and irra-
diation. Landolt et al. [36] reported that patients in whom
drug therapies were stopped before SRS had improved
hormonal control than those who continued drug therapies.
Although that was a small retrospective nonrandomized
study, separating the two groups may be better considered in
the future study. The conventional belief that complete
endocrinological remission is achievable with radiotherapy
alone needs to be reevaluated.

In conclusion, CyberKnife hypofractionated SRT is safe
for GH-PA and rated as effective on the basis of diagnostic
imaging findings. However, when SRT is applied to
patients with symptomatic GH-PA without being combined
with any other therapy, it may be difficult to satisfy the
Cortina consensus criteria in most cases. Further investi-
gations of hypofractionated SRT with a longer follow-up
are warranted in order to define its role in the treatment of
GH-PA. Since GH-PA cases undergoing hypofractionated
SRT are not frequently reported, our results will contribute
to establishing a standard treatment for GH-PA.
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