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Patients and methods  In total 35 patients (16 men/19 wom-
en, mean age 54  years) were prospectively included in a 
treatment protocol of SRS [planning target volume (PTV 
< 4 ccm, > 2 mm to optic pathways = low risk] or SRT (PTV 
≥ 4 ccm, ≤ 2 mm to optic pathways = high risk). The mean 
tumor volume was 3.71  ccm (range: 0.11–22.10  ccm). 
Based on the protocol guidelines, 21 patients were treated 
with SRS and 12 patients with SRT, 2 patients received both 
consecutively.
Results  The median follow-up (FU) reached 8 years with a 
5-year overall survival (OS) of 87.3 % [confidence interval 
(CI): 70.8–95.6 %] and 5-year local control rate of 97.1 % 
(CI: 83.4–99.8 %). Almost 80 % (28/35) presented tumor 
shrinkage during FU. Endocrinological cure was achieved 
in 23 % and IGF-1 normalization with reduced medication 
was achieved in 40 % of all patients. An endocrinological 
response was generally achieved within the first 3 years, but 
endocrinological cure can require more than 8 years. A new 
adrenocorticotropic hypopituitarism occurred in 13 patients 
(46.4 %). A new visual field disorder and a new oculomo-
tor palsy occurred in 1 patient, respectively. Patients with 
occurrence of visual/neurological impairments had a longer 
FU (p = 0.049).
Conclusion  Our SRS/SRT protocol proved to be safe and 
successful in terms of tumor control and protection of the 
visual system. The timing and rate of endocrine improve-
ments are difficult to predict. One has to accept an unavoid-
able rate of additional adrenocorticotropic hypopituitarism 
in the long term.

Keywords  Visual fields · Treatment protocol · Tumor 
control · Hypopituitarism · Visual field disorder

Abstract
Purpose  The purpose of this work was to evaluate a pro-
spectively initiated two-center protocol of risk-adapted ste-
reotactic radiosurgery (SRS) or stereotactic radiotherapy 
(SRT) in patients with acromegaly.
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Behandlung von Akromegaliepatienten mit einer 
risikoadaptierten Einzel- oder fraktionierten 
stereotaktischen Hochpräzisionsstrahlentherapie

Hohe lokale Tumorkontrolle und geringe Toxizität in einer 
gepoolten Serie

Zusammenfassung
Ziel  Zielsetzung dieser Arbeit ist die Evaluation eines pros-
pektiv angelegten Behandlungsprotokolls einer risikoadap-
tierten stereotaktischen Radiochirurgie (SRS) oder stereo-
taktischen Radiotherapie (SRT) von Patienten mit Akrome-
galie aus 2 Zentren.
Patienten und Methoden  Insgesamt 35 Patienten (16 Män-
ner/19  Frauen) mit einem medianen Alter von 54  Jahren 
wurden nach einem prospektiven Protokoll entweder mit 
SRS [“planning target volume” (PTV) < 4  ccm, > 2  mm 
zum optischen System = geringes Risiko] oder SRT (PTV 
≥ 4  ccm, ≤ 2  mm zum optischen System = hohes Risiko) 
behandelt. Das mittlere Tumorvolumen betrug 3,71  ccm 
(Spannweite: 0,11–22,10  ccm). Nach diesem Protokoll 
wurden 21 Patienten mit SRS und 12 mit SRT behandelt, 2 
erhielten im Verlauf beide Varianten.
Ergebnisse  Ein medianes Follow-up (FU) von 8  Jah-
ren wurde erreicht mit einer 5-Jahres-Überlebensrate von 
87,3 % [Konfidenzintervall (KI): 70,8–95,6 %)] und einer 
lokalen 5-Jahres-Tumorkontrollrate von 97,1 % (KI: 83,4–
99,8 %). Nahezu 80 % (28/35) zeigten eine Tumorschrump-
fung im FU. Eine endokrinologische Sanierung wurde bei 
23 % und eine IGF-1-Normalisierung mit reduzierter Me-
dikation wurde bei 40 % aller Patienten erreicht. Eine en-
dokrinologische Antwort erfolgte in der Regel innerhalb 
der ersten 3 Jahre, eine endokrinologische Sanierung kann 
aber länger als 8 Jahre dauern. Eine neue adrenocorticotro-
pe Hypophyseninsuffizienz wurde bei 13 Patienten (46,4 %) 
beobachtet. Eine neue Gesichtsfeldstörung und eine neue 
Okulomotoriusparese post SRS/SRT traten bei jeweils 1 Pa-
tienten auf. Patienten mit Auftreten einer neurologischen 
oder Sehstörung hatten ein längeres FU (p = 0,049).
Schlussfolgerung  Unser SRS/SRT-Behandlungsprotokoll 
erwies sich als erfolgreich und sicher hinsichtlich Tumor-
kontrolle und Schutz des optischen Systems. Der Zeitpunkt 
und die Rate von endokrinen Verbesserungen sind schwer 
vorherzusagen. Eine unvermeidliche Rate an zusätzlicher 
adrenocorticotroper Insuffizienz ist im Langzeitverlauf zu 
akzeptieren.

Schlüsselwörter  Optisches System · 
Behandlungsprotokoll · Tumorkontrolle · 
Hypophyseninsuffizienz · Gesichtsfeldstörung

Abbreviations

PA	� Pituitary adenoma
NSA	� Non-secretory adenomas
SA	� Secretory pituitary adenoma
SRS	� Stereotactic radiosurgery
SRT	� Stereotactic radiotherapy
OS	� Overall survival
PTV	� Planning target volume
CTV	� Clinical target volume
OARs	� Organs at risk
LINAC	� Linear accelerator
MRI	� Magnetic resonance imaging
CT	� Computed tomography
RT	� Radiotherapy
Gy	� Gray
GH	� Growth hormone
SMS	� Somatostatin
ACTH	� Adrenocorticotropic hormone
RECIST	�Response evaluation criteria in solid tumors

Based on their biochemical properties, pituitary adenomas 
(PA) are divided into secretory (SA) and non-secretory 
adenomas (NSA). Growth hormone (GH)-secreting tumors 
account for approximately 15–20 % of all PA. Clinical 
manifestation may occur as acromegaly, which significantly 
increases the risk for morbidity and even death due to the 
enlargement of organs/soft tissue and extremities. There-
fore, treatment is not only indicated to control tumor growth, 
but likewise aims to eliminate the hormone excess [1–3].

Some studies related to this issue have not systemati-
cally distinguished between SA and NSA [4–6]. However, 
we propose to consider these two varieties separately, 
especially with regard to clinical symptoms and treatment 
options. Consequently, we excluded NSA from the study 
presented herein.

If patients with SA and acromegaly are suited for surgery, 
standard treatment is microsurgical resection [1]. However, 
with surgery alone, endocrinological cure is not always 
achievable. Therefore, different drugs like somatostatin 
(SMS) analogues, GH antagonists, and dopamine agonists 
as well as their combination are also available [2, 3, 7, 8]. 
Nevertheless, definitive treatment without lifelong drug 
therapy should be the goal. In case of residual tumor and/or 
of insufficient normalization of hormone levels despite drug 
therapy, stereotactic radiotherapy is nowadays an effective 
additional option for curative treatment.

Radiotherapy in the form of stereotactic radiotherapy 
(SRT) and stereotactic radiosurgery (SRS) has undergone 
rapid technical improvements, yielding promising results 
[9–12]. However especially in acromegaly, the exact time-
course and time-point at which biochemical remission and 
tumor control occurs remains unclear. Therefore, to make 
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decisions for an additional irradiation treatment and/or 
concomitant therapeutic strategies (e.g., medication and/
or repeated surgery) is a challenge with many uncertainties 
[13, 14].

Until now, most published studies have utilized the 
Gamma-Knife® as the technique for radiotherapy of acro-
megaly [15, 16]. Only retrospective series have investigated 
acromegaly treatment using a linear accelerator (LINAC) 
[4–6, 17, 18]. To our knowledge, this is the first prospective 
LINAC study investigating the impact and safety of SRS/
SRT in patients with acromegaly using a well-defined treat-
ment protocol. Our study was designed to analyze tumor 
control, restoration of hormonal imbalances, and adverse 
effects on nearby crucial anatomic structures (e.g., optic 
pathways) in a pooled series of acromegaly patients with a 
median follow-up of 8 years.

Methods and patients

From July 2000 to July 2011, a total of 42  patients with 
acromegaly were prospectively included in a treatment 
protocol consisting of SRS or SRT using the Novalis® sys-
tem. Seven patients were lost for follow-up (FU); a total 
of 35 patients were included in the study. Age ranged from 
30–75 years (mean: 54 years). The clinical variables includ-
ing sex, tumor volume, intervention (Op, SRS/SRT/both), 
and FU are listed in Table 1.

All patients included in the study had to fulfill the fol-
lowing eligibility criteria: (1) histologically confirmed or 
image-diagnosed SA with endocrinological findings indicat-
ing acromegaly, and/or (2) recurrent cases, patients receiv-
ing postoperative adjuvant SRS/SRT, inoperable patients, 
and patients who refused surgical resection, (3) no prior RT 
or chemotherapy for any other cranial disease, and (4) will-
ingness to give written informed consent. The patient and 
tumor characteristics are summarized in Table 1.

Patients were immobilized with a relocatable stereotac-
tic frame for SRS or with an individually formed aquaplast 
mask for SRT (both BrainLAB®, Feldkirchen, Germany).

Patients underwent CT (computed tomography) and MRI 
(magnetic resonance imaging) by a 1.5-T system scanning 
with 0.7–1.2 mm slice thickness without gap for treatment 
planning using a CT-based three-dimensional (3D) treatment 
planning system (BrainLAB®, Feldkirchen, Germany). After 
stereotactic registration and image fusion (mutual informa-
tion technique), GTV/CTV/PTV and organs at risk (OARs) 
were drawn slice by slice. Gross tumor volume (GTV) was 
determined on T1-weighted contrast-enhanced axial, coro-
nal, and sagittal MRI scans. GTV was defined as the area 
of pathological contrast enhancement on T1-weighted MRI. 
Taking the direction of tumor invasion into consideration, 
the clinical target volume (CTV) was adjusted based on 
information from the preoperative images and the planning 

Tab. 1  Patient and tumor characteristics (n = 35)
Variable Specification Overall Average
Age (range) (30–75) 54 (mean)
Gender Female 19

Male 16
Surgery (range) Number (0–4) 0.89 (mean)
RT
Adjuvant 24 68.5 %
Primary 11 31.5 %
Fractionation
SRS 21 60.0 %
SRT 11 31.5 %
(hf) SRT 1 2.8 %
SRS/SRT 2 5.7 %
CTV (range) ccm (0.11–22.1) 3.71 (mean)
SRS (0.11–4.8) 1.18 (mean)
SRT (2.9–22.1) 8.00 (mean)
(hf) SRT 0.15
Fx (range) (1–31)
SRS 1
SRT 20–31 30 (median)
(hf) SRT 5
Daily dose Gy
SRS 15–36 20 (median)
SRT 1.8–2.0
(hf) SRT 7
Total dose 
(range) Gy

(15.00–55.80)

SRS 15–36 20 (median)
SRT 40–55.8 54 (median)
(hf) SRT 35
Follow-up 
(range) years

(2.0–13.0) 8 (median)

Tumor size (at last follow-up)
Smaller 28 80 %
Stable 6 17 %
Larger 1 3 %
IGF-1 after RT
Cure No medication 8 23 %
Normalization With medication 14 40 %
Sunken With medication 12 34 %
Idem With medication 1 3 %
Adrenocorticotropic hypopituitarism
Before RT 7 20.0 % (7/35)
New after RT 13 46.4 % (13/28)
None after RT 15 42.3 % (15/35)
Neurological dysfunction after RT
New (cranial 
nerve palsy)

1 2.9 %

No new 34 97.1 %
None 34 97.1 %
Dysfunction of optical system after RT
New (Visual field) 1 2.9 %
No new 34 97.1 %
None 34 97.1 %
RT radiotherapy, SRS stereotactic radiosurgery, SRT stereotactic 
radiotherapy, hf hypofractionated, CTV clinical target volume, Fx 
fractionation, IGF-1 insulin-like growth factor 1
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cion, in addition a metyrapone test was performed. In indi-
vidual cases also alternatively a CRH test, a hypoglycemia 
test, or a 24-h cortisol urine test were carried out. New defi-
cits defined 3 months after radiotherapy were regarded as 
radiotherapy associated.

The patients were followed at 6 and 12 months during 
the first year after SRS/SRT, and at intervals of 12 months 
thereafter. Regular FU included clinical examination, brain 
MRI, visual perception tests and examinations of hormonal 
levels.

The treatment responses were classified according to the 
Response Evaluation Criteria in Solid Tumors (RECIST). 
The exact procedure of volumetric evaluation of the MRIs 
has been recently described elsewhere [19].

The rates of overall survival, local control, and progres-
sion-free survival were calculated using the Kaplan–Meier 
method. Stepwise multiple linear regression tests were used 
in the analysis of following potential influence factors for 
tumor shrinkage, IGF-1 response, new adrenocorticotropic 
hypopituitarism, and new visual/neurological deficit: age 
at treatment, SRS vs. SRT, primary vs. adjuvant SRS/SRT, 
CTV, total dose, number of fractions, follow-up in years, 
number of surgeries. Statistical analysis was performed 
using SPSS® (SPSS Inc., Chicago, IL, USA) software.

Results

Of the 35 patients, 11 patients received radiotherapy without 
primary surgery (8 SRS, 2 SRT and 1 consecutively both); 
the remaining 24  patients underwent irradiation to a pro-
gressive and/or residual tumor after one or more surgeries 
in connection with an elevated IGF-1 level despite adequate 
medication. In all, 20 patients underwent 1 surgery before 
irradiation, 2  patients 2  previous operations and 1 patient 
each 3 and 4 prior surgeries.

Twenty-one patients received SRS due to the small sized 
tumors with additional sufficient distance from the optical 
system (> 2 mm). One patient underwent a hypofractionated 
(hf) SRT with 7 fractions of 5 Gy. In this special case the 
CTV was suitable for SRS, but the distance to the optical 
system was too small for a single high-dose treatment. SRT 
was prescribed in the 13  remaining patients (Table  1 and 
Fig. 1a–c).

Follow-up ranged from 2 to 13 years (median: 8 years). 
In all, 28  patients (80.0 %) presented with a radiologi-
cal response with tumor shrinkage (partial remission), 
6 (17.0 %) showed stable disease, and only 1 patient showed 
progressive disease (Table 1).

A local tumor control rate of 97.1 % was achieved [with a 
confidence interval (CI) of 83.4–99.8 %]. The rate of tumor 
shrinkage was significantly higher after SRS in relation 
to SRT (Kaplan–Meier analysis, log-rank test, p = 0.0001; 

CT and/or MRI. Planning target volume (PTV) included 
a safety margin of 1–2  mm for SRT and of 0.5  mm for 
SRS. Conformal treatment plans with 3D dose distribution 
were designed for all cases using a planning algorithm that 
involved setting dose constraints to minimize the irradiation 
delivered to critical structures such as optic pathways and 
the brain stem. We used conformal beams and/or dynamic 
arcs for SRT, as well as dynamic arcs for SRS. All targets 
were treated with a single isocenter. For SRT, median cumu-
lative dose was 54 Gy. The PTV was encompassed by 90 % 
of the prescribed dose at the reference point, usually at the 
isocenter. For SRS, the median single dose was 20 Gy at 
the isocenter (reference point), PTV encompassing the 80 % 
isodose. The accepted constraint dose at the brain stem was 
50 Gy for SRT and 12 Gy for SRS. The accepted constraint 
dose at the optical system was 50 Gy for SRT and 8 Gy for 
SRS. A conformity and homogeneity index was calculated 
according to the Radiation Therapy Oncology Group 1993 
criteria.

The used Novalis® system (BrainLAB AG, Feldkirchen, 
Germany) consists of a 6 MV LINAC with a micromultileaf 
collimator with a leaf thickness of 3 mm and a robotic couch 
(Varian®, Palo Alto, CA, USA). The geometrical accuracy 
is 0.3 mm. The entire treatment process typically required 
10–15 min for 5 times a week for SRT and approximately 
30 min for SRS.

The following treatment protocol as established and per-
formed at the two institutions: SRS was considered the pre-
ferred treatment, if the target volume was smaller than 4 ccm 
and the closest distance to the optic pathways was greater 
2 mm. The mean single dose given was 20 Gy prescribed 
to the 80 % isodose line. In all other cases, SRT was the 
preferred treatment technique, consisting of 25–30 fractions 
in 1.8–2.0 Gy daily doses. Based on these criteria a total of 
21 patients were treated with SRS and 12 patients with SRT. 
Two patients underwent both techniques (see Table 1).

Patient immobilization, treatment planning, geometric 
accuracy of, and clinical experiences with the Novalis® sys-
tem used here have been reported previously [19–21]. The 
most common international remission criteria defined by the 
acromegaly consensus conference in 2000 with its update 
in 2010 were used [22]. GH and insulin-like growth fac-
tor 1 (IGF-1) were routinely tested. Our main criterion of 
remission was the age-adjusted normal IGF-1 level deter-
mined by a standardized assay, which was performed at 
every FU; hence, uni- and multivariate analyses included 
only this parameter. The oral glucose tolerance test was used 
in those patients in whom endocrinological cure needed to 
be proven.

The adrenocorticotropic axis represents the clinically 
most important hormone axis. To secure an adrenocortico-
tropic insufficiency basal cortisol and adrenocorticotropic 
hormone (ACTH) were determined. In case of further suspi-
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The cause of death (cardiac in both cases) was certainly not 
related to the treatment, but possibly related to acromegaly.

Repeated surgical treatment after irradiation was per-
formed in the one patient presenting with tumor progres-
sion at 4 years after SRT and in one patient with insufficient 
endocrinological success and a basically good operable 
tumor, who had previously not given informed consent for 
surgery (6 years after SRS).

The patient with progression also received a re-irradia-
tion (5 years after SRT) as SRS 3 months after the re-oper-
ation. Due to a persistent acromegaly, another patient also 
underwent SRS of the residual tumor 8.5 years after initially 
performed SRT.

Nearly all patients (34/35) showed an improvement in 
IGF-1 levels. Drug therapy was continued in each case until 
normalization/clear improvement. Biochemical remission 
with normalization without additional drug treatment was 
observed in 8 (23 %) patients, partial remission (normal-
ization with additional medication of SMS analogues or 
pegvisomant) in 14 (40 %) patients (Table 1). In the cohort 
presented herein a larger tumor volume—according to 
our treatment regimen usually associated with a fraction-
ated irradiation—was not associated with a poorer treat-
ment outcome regarding IGF-1 normalization (t-test n.s., 
p = 0.0944).

The mean time period in which IGF-1 was completely 
restored was 8 years (standard deviation 3 years).

A post-SRS/SRT visual disorder (visual field disturbance) 
was observed in only 1 (2.85 %) patient. No radiation-
induced brain necrosis occurred and only 1 (2.85 %) ocu-
lomotor nerve palsy was described, which recovered after a 
short period of prednisolone administration (Table 1). These 
potential radiogenic complications occur overall rarely and 
with a considerable time lag (t-test, p = 0.049). Other param-
eters like tumor size, age, surgery, SRS, or SRT had no sta-
tistical effect on the likelihood of late side effects.

Of the 35 patients, 28 (80 %) presented a normal adreno-
corticotropic function before SRS/SRT. A new adrenocor-
ticotropic hypopituitarism post-SRS/SRT was observed in 
13 patients (46 %). A total of 15 of the 28 patients (66 %) 
with normal adrenocorticotropic function before SRS/SRT 
remained normal after SRS/SRT (Table 1).

The curve of the cumulative regression rate concerning 
the IGF-1 outcome was almost flat after 3 years (only mild 
fluctuations between 21 and 33 % after 3, 6, 9, and 12 years) 
meaning that the response rate of irradiation on the IGF-1 
level is approximately stable after 3 years; therefore, a con-
siderable effect from the irradiation must occurred in the 
first 3  years after irradiation. The fractionated irradiated 
patients had a trend towards a better outcome with respect 
to the IGF-1 response (p = 0.075 and p = 0.019, stepwise for-
wards and backwards, respectively). This trend could also 
be demonstrated by using the Kaplan–Meier analysis of the 

Fig. 3). Those patients presenting with tumor remission at 
FU had almost significantly smaller tumors at first presenta-
tion before radiotherapy (t-test, p = 0.0657).

Two patients died during the study period. An overall 
survival rate of 87.3 % (CI: 70.8–95.6 %) was achieved. 

a

b

c

Fig. 1  a SRS case with follow-up MRI and GH/IGF-1 course. b 
fSRT case with follow-up MRI and IGF-1 course. c hfSRT case with 
follow-up MRI and IGF-1 course
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with detailed radiological, endocrinological, and ophthal-
mological data.

We report on a local tumor control rate of 97 % and tumor 
volume shrinkage in 80 % of the cases with a median follow-
up of 8  years. In addition, 63 % (22/35) of our collective 
patients experienced a biochemical satisfactory response 
with normalization of IGF-1 levels including 23 % (8/35) 
with endocrinological cure.

The treatment of acromegaly remains a challenging mul-
tidisciplinary approach, which includes surgery, radiother-
apy, and medication. Furthermore, important other issues 
like indication and timing of retreatment or influence of 
adjuvant medication must be taken into account and require 
extra attention.

A review of Minniti et al. [23] presented eight studies 
published from 1997–2005 assessing the long-term effec-
tiveness of conventional RT on patients with acromegaly. In 
the past, this has been the most common form of radiation 
therapy for pituitary adenomas. In conventional irradiation 
with usually a 3- or more field technique including lateral 
static fields, the target volume—the pituitary adenoma with 
a sufficient safety margin—is irradiated in a fractionated 
manner and with standard daily doses of 1.8–2 Gy per day 
and 5  times per week over 5–6 weeks. This review dem-
onstrated a long-term effectiveness of conventional RT in 
patients with acromegaly with a tumor control and a nor-
malization of GH/IGF-1 levels of approximately 80–90 and 
50–60 % at 10 years, respectively. Hence, on the one hand, 
it can be taken for granted that conventional RT is effec-
tive. On the other hand, the missing precision in the mil-
limeter range led to an increased rate of side effects. For 
technical reasons, by using of static lateral fields, the tem-
poral lobe, the optical system, and also the pituitary gland 
itself are not optimally protected and were significantly 
exposed to the radiation. By using gentle low daily dose, 
with this technique acute adverse reactions usually could 
be avoided, but chronic adverse reactions such as blind-
ness, hypopituitarism, and memory disturbances are feared. 
These side effects can be minimized while increasing also 
the efficiency due to the use of high-precision irradiation 
techniques, as a concentration of radiation dose in the mil-
limeter range is possible. In view of the organs at risk in 
the vicinity of the pituitary gland like optic nerves, chiasm, 
hypothalamus, and brainstem, the use of high-precision ste-
reotactic radiotherapy is reasonable.

A recently published paper by Wilson et al. [18], report-
ing on the so far largest retrospective series of acromegaly 
patients treated with LNAC (SRS and SRT), confirmed the 
safety and efficacy of this method. Other researchers, deal-
ing with this issue using a LINAC, although evaluating 
smaller sample sizes, confirmed the irradiation success rates 
[4–6, 24]. A previous review of five series with a total of 
115 patients reported tumor control averaging around 97 % 

percentage of IGF-1 normalization after SRT vs. SRS (log-
rank test, p = 0.033; Fig. 2).

Discussion

This two-center study, presented herein consisted of 
35 patients with acromegaly, who have been treated accord-
ing to a prospectively controlled risk-adapted radiotherapy 
protocol, conducted with a long follow-up, and collected 

Fig. 3  Kaplan–Meier analysis of the rate of tumor shrinkage after 
SRT vs. SRS (log-rank test, p = 0.0001)

 

Fig. 2  Kaplan–Meier analysis of the percentage of IGF-1 normaliza-
tion after SRT vs. SRS (log-rank test p = 0.033)
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after an extended FU of 13 years. In our series the response 
rate of irradiation on the IGF-1 level was approximately sta-
ble after 3 years; therefore, we conclude that considerable 
effect of irradiation must occurred in the first 3 years after 
irradiation, but we found a mean time of 8 years until the 
IGF-1 level was completely restored. Thus, endocrinologi-
cal response still remains difficult to predict and should be 
addressed in future studies.

Concomitant medication administration was common in 
our patient cohort, due to increased IGF-1-levels at diagno-
sis. Whether SMS analogues, GH antagonists, or dopamine 
agonists act in a radioprotective manner, or the extensive 
disruption of the GH pathway by pretreatment contribute 
to the different time patterns related to tumor control and 
biochemical remission, remains unclear with contradictory 
findings and recommendations in the current literature [17, 
33–35]. Yan et al. [17] observed a slower response curve 
in the octreotide-treated subpopulation in the first 2 years. 
This effect was ameliorated at a longer follow-up of 4 years. 
In addition, health economic related-considerations must be 
taken into consideration due to the higher cost of prescrip-
tion drugs compared to surgery and radiotherapy (SRS/
SRT).

Whereas the cost for surgery or radiotherapy is 7,500 €, 
a sum of around 30,000 or 100,000 € has to be estimated 
for treatment with SMS analogues or pegvisomant, respec-
tively. In our opinion, the question should be allowed, 
whether a sole dose reduction of adjuvant drug therapy after 
irradiation should be considered successful even if accord-
ing to the stringent clinical remission criteria normaliza-
tion of IGF-1 values could not be reached? Nearly all our 
patients experienced an improvement in IGF-1 levels so that 
a reduction of medication was possible.

No blindness or visual acuity impairment was observed 
in any of the patients in our study, whether at the early stages 
of treatment or at the latest obtained follow-up. Potential 
other radiogenic dysfunctions of the optical system (one 
visual field disturbance in our series) or neurological com-
plications (one temporarily cranial nerve palsy in our series) 
occur overall rarely and if ever with a considerable time lag 
(1 year and 4 years after RT, respectively).

With regard to the pituitary gland, new adrenocortico-
tropic hypopituitarism was found in our series in 13 patients 
(46 %) requiring replacement therapy, which still reflects a 
severe side effect of irradiation therapy in this anatomical 
region. Similar risk profiles can be found for other series 
using LINAC and Gamma Knife® [17, 18, 36, 37].

Limitations

Unfortunately, a systematic subgroup analysis concern-
ing concomitant medication in relation to the time course 

with a biochemical cure rate of 36–80 % using SRT with a 
total dose between 45 and 52.5 Gy [15].

A more reliable number of treated individuals have been 
reported for Gamma Knife®. Minniti et al. [15] reported 
medical data of 1116 Gamma Knife®-irradiated patients 
(26  series), displaying endocrine restoration rates from 
20–85 %. Another study [16] reviewed 29  series with 
964 patients overlapping with those published by Minniti et 
al. and reported tumor control rates of 92.5–100 %. Similar 
findings were confirmed in smaller case series for Gamma 
Knife®/Cyberknife®/proton-beam irradiation [25–31].

Whereas the rate of tumor shrinkage was higher in the 
SRS group (Fig. 3), the fractionated irradiated patients had 
with respect to the IGF-1 response a slightly better out-
come in our series (Fig. 2). A possible reason for this is that 
we were, especially in the early years, maybe too careful 
with an isocentric dose of < 20  Gy for SRS, so we could 
not expect an advantage of SRS. There are newer Gamma 
Knife® data with higher marginal doses of 25 Gy and with 
correspondingly higher isocentric doses of 35 Gy that pres-
ent with respect to the endocrine response promising results 
(more effective and faster), but one has to accept probably 
also slightly more side effects [32].

Our prospectively collected data thus confirm the previ-
ously known retrospective data from the literature; however, 
the flexibility of LINAC irradiation should be emphasized, 
which allows both classical radiosurgery and fractionated 
stereotactic irradiation in good quality, meaning that the 
best modality can be chosen for the individual patient.

The question remains about the course of action in the 
event that irradiation fails to restore biochemical levels or it 
takes a longer period than expected to detect a reduction in 
pathologically increased hormone levels. Still, there is lack 
of evidence and/or guidelines for further treatment strate-
gies, such as additional irradiation, surgery repetition, or 
concomitant medication under such circumstances [12, 13].

In our series surgical treatment after irradiation was only 
performed in one patient with tumor progression 4  years 
after SRT and in one other patient with insufficient success 
6 years after SRS and a technically good operable tumor, 
who had previously not given consent for surgery. Fur-
thermore, we performed a re-irradiation (SRS) in 2  cases 
without adequate endocrinological success (one after re-
operation, one without re-operation) after 5 and 8.5 years, 
respectively, which led in both cases to IGF-1 normalization 
with reduced medication.

In general, irradiation effects observed on the pituitary 
axis occur over a longer period and may last for years after 
irradiation is terminated. It is suggested that endocrinologi-
cal effects may be measurable within nearly 1–2 years, but 
observation should be prolonged to a considerably extended 
FU of 5  years or longer according to the available data 
[12–14]. Yan et al. [17] observed reduction of GH levels 
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low-up of patients with surgical intractable acromegaly after linear 
accelerator radiosurgery. J Formos Med Assoc 112:416–420
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single centreʼs experience of stereotactic radiosurgery and radio-
therapy for growth hormone secreting pituitary tumors with the 
linear accelerator. J Clin Neurosci 20:1506–1513

19.	Boström JP, Meyer A, Pintea B et al (2014) Risk-adapted single or 
fractionated stereotactic high-precision radiotherapy in a pooled 
series of nonfunctioning pituitary adenomas. High local control and 
low toxicity. Strahlenther Onkol. doi:10.1007/s00066-014-0715-0

20.	Henzel M, Hamm K, Sitter H et al (2009) Comparison of stereo-
tactic radiosurgery and fractionated stereotactic radiotherapy of 
acoustic neurinomas according to 3-D tumor volume shrinkage 
and quality of life. Strahlenther Onkol 185:567–573

21.	Fahrig A, Ganslandt O, Lambrecht U et al (2007) Hypofraction-
ated stereotactic radiotherapy for brain metastases—results from 
three different dose concepts. Strahlenther Onkol 183:625–630

22.	Giustina A, Chanson P, Bronstein MD et al (2010) Acromegaly 
Consensus Group. A consensus on criteria for cure of acromegaly. 
J Clin Endocrinol Metab 95:3141–3148

23.	Minniti G, Scaringi C, Enrici RM (2011) Radiation techniques for 
acromegaly. Radiat Oncol 6:167

24.	Voges J, Kocher M, Runge M et al (2006) Linear accelerator ra-
diosurgery for pituitary macroadenomas: a 7-year follow-up study. 
Cancer 107:1355–1364

25.	Erdur FM, Kilic T, Peker S et al (2011) Gammaknife radiosurgery 
in patients with acromegaly. J Clin Neurosci 18:1616–1620

26.	Liu X, Kano H, Kondziolka D et al (2012) Gamma knife radiosur-
gery for clinically persistent acromegaly. J Neuroncol 109:71–79

27.	 Jagannathan J, Sheehan JP, Pouratian N et al (2008) Gamma knife 
radiosurgery for acromegaly: outcomes after failed transsphenoi-
dal surgery. Neursurgery 62:1262–1269

28.	Kajiwara K, Saito K, Yoshikawa K et al (2005) Image-guided 
stereotactic radiosurgery with the CyberKnife for pituitary adeno-
mas. Minim Invasive Neurosurg 48:91–96

29.	Roberts BK, Ouyang DL, Lad SP et al (2007) Efficacy and safety 
of CyberKnife radiosurgery for acromegaly. Pituitary 10:19–25

30.	Cho CB, Park HK, Joo WI et al (2009) Stereotactic radiosurgery 
with the CyberKnife for pituitary adenomas. J Korean Neurosurg 
Soc 45:157–163

31.	Petit JH, Biller BMK, Coen JJ et al (2007) Proton stereotactic ra-
diosurgery in management of persistent acromegaly. Endocr Pract 
13:726–734

32.	Lee CC1, Vance ML, Xu Z et al (2014) Stereotactic radiosurgery 
for acromegaly. J Clin Endocrinol Metab 99:1273–1281

of biochemical remission was not feasible in our study 
because nearly all of our patients were under medication 
already before the start of radiotherapy. Although this study 
is a two-center cohort study with a medium sample size, we 
believe that the study can still be of value, since the treat-
ment was performed by two major departments of radiosur-
gery and stereotactic radiotherapy.

Conclusion

After 10 years of experience, we consider LINAC-SRS or 
SRT safe and successful treatment modalities in terms of 
tumor control and normalization of hormonal imbalances, 
especially in case of tumors located close to the optic path-
ways. The time course of endocrine improvement is diffi-
cult to predict and deserves further investigation. One has to 
accept an unavoidable rate of additional adrenocorticotrope 
hypopituitarism in the long term.
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