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Abstract  
 

The stereotactic radiosurgery for pituitary adenoma has been became the standard 

adjuvant treatment for the residual and recurrent pituitary adenomas. The therapeutic goal 

for treating GH-producing pituitary adenomas is to restore normal growth hormone 

secretion dynamics, normalize serum insulin-like growth factor (IGF-1) concentrations, 

and shrink the pituitary mass, while maintaining normal anterior and posterior pituitary 

functions. We evaluate our treatment outcomes and review the articles of gamma knife 

radiosurgery (GKS) for GH-producing pituitary adenomas. Thirty patients treated with 

GKS (median treatment [tumor] volume: 0.8 ml; median prescribed marginal radiation 

dose: 20 Gy) were followed for a median of 126 months. ‗‗Disease remission‖ was 

defined as either nadir levels of GH < 1µ/l during an oral glucose load, or random GH 

levels <2 µg/l and normal age-adjusted and sex-adjusted levels of insulin-like growth 

factor without pituitary suppressive medications. The remission rate was 33% and the 5-

year and 10-year actuarial remission rates were 17% and 45%, respectively. Two patients 

(7%) suffered hypopituitarism requiring medication, but no other serious deficits were 

observed. Although GKS requires a relatively long time to achieve hormonal remission, it 

is a very useful, long-term treatment for GH- producing adenomas. We propose that 

compared to continuing life-long medication, GKS is less invasive and more cost 

effective. 
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Introduction 
 

The therapeutic goal for treating GH-producing pituitary adenomas is to restore normal 

growth hormone secretion dynamics, normalize serum insulin-like growth factor (IGF-1) 

concentrations, and shrink the pituitary mass, while maintaining normal anterior and posterior 

pituitary functions [8]. Patients with GH levels less than 1 µg/l and normal IGF-1 levels are 

reported to enjoy the same survival times as the normal population [9].  

 Surgical resection is the gold standard treatment for GH-producing pituitary adenomas, 

and a recent series reported excellent surgical results with remission rates of 95% for 

microadenomas and 68% for macroadenomas using nadir levels of GH after oral glucose load 

of 1 µg/l and normal age-and sex-matched IGF-1 as remission criteria [30]. Even using 

modern microsurgical techniques, hormonal cures based on recent remission criteria were 

difficult to achieve in one third of patients with macroadenomas. Conventional radiation 

therapy has been used as an adjuvant therapy [14], but increased mortality related to 

cerebrovascular disease was reported to associate with radiotherapy [2]. Recently, 

somatostatin analog therapy was reported to normalize IGF-1 levels in approximately 70% of 

patients and to induce tumor shrinkage in 40% of them [6,31]. Thus, following surgical 

resection, some medical treatment is recommended to control continued hypersecretion [4]. 

However, somatostatin analog does not lead to a cure for the disease, but only controls 

endocrine hypersecretion [5], and GH and IGF-I values return to pre-treatment levels if the 

drug is discontinued, even after extended treatment periods [21]. We evaluated the usefulness, 

from the standpoint of endocrinological control, of gamma knife radiosurgery (GKS) as a 

treatment for GH-producing adenomas using long-term follow-ups.  

 

 

Material and Methods 
 

Between May 1995 and April 2010, we treated 41 patients with GH-producing adenomas 

with GKS using a Leksell gamma knife unit (Elekta Instruments AB, Stockholm, Sweden). 

Among these, four patients could not be followed because we could not obtain information 

from the referring physicians or because we could not contact the patients. We also excluded 

two additional patients with follow-up periods of less than 24 months, and four patients for 

whom follow-up IGF-1 data were not available. Among these was one patient who was 

operated on one year after GKS due to tumor growth. This tumor growth was considered a 

transient expansion of the tumor, because the residual tumor decreased in size during the 

follow-up periods. The remaining patients consisted of 14 men and 16 women with a median 

age of 45 years (range 12 - 66 years) (Table 1). This series including all the 26 patients 

previously reported [13]. Pre-radiosurgical resections were performed in 26 of the patients 

(87%), including single transsphenoidal surgeries (TS) in 20 patients, two TS surgeries in two 

patients, three TS surgery in one patient, and both TS and transcranial surgery in three 

patients. In four patients (13%) GKS was performed based on MR imaging and hormonal 

evaluation without surgery, due to the patients‘ wishes (three patients) and the surgeons‘ 

considerations of surgical difficulty (one patient with empty sella [11]). Between 1995 and 

2000, we treated patients with pituitary suppressive medications, until we were advised to 

stop after the publication of negative outcomes in patients treated with these medications [23]. 
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Pituitary suppressive medications were given to nine patients (30%); four continued the 

medications up to the GKS and five patients discontinued the medications two months before 

GKS. Medical therapy included dopamine-agonists in six patients (20%) and somatostatin 

analog as immediate-release octoreotide acetate in three patients (10%). No patients received 

conventional radiation therapy.  

We analyzed laboratory information, including endocrinological data, obtained at our 

institute and laboratory data from other medical centres. Preoperative GH values were 

evaluated in all patients and preoperative IGF-1 values were evaluated in 23 of them. The 

median pre-radiosurgical GH level was 10 µg/l (range 3.5-120 µg/l) and the median IGF-1 

level was 810 ng/ml (range 368-1470 ng/ml). For the purpose of comparison, we converted 

all IGF-1 levels to multiples of the upper limit of age- and sex-based reference values. Based 

on this conversion, the median IGF-1 level was 2.67 times the upper limit of normal age- and 

sex- matched IGF-1 levels (range 1.38 - 5.63). 

 

Table 1. Characteristics of 30 patients with GH-producing adenomas treated by gamma 

knife radiosurgery 

 

Characteristic  

Number of patients (M/F) 30 (14/16) 

Age (years) 45 (12-66) 

Pre-radiosurgical GH levels (µg/l) 10 (3.5-120) 

Tumor volume (ml) 0.8 (0.12-14.2) 

Prescribed marginal dose (Gy) 20 (14-25) 

Values represent medians (range). 

 

Tumors were located in the pituitary fossa in 15 patients (50%), the cavernous sinus in 

ten patients (30%), and in both the pituitary fossa and cavernous sinus in two patients; there 

was a suprasellar lesion in two patients and intrasellar and suprasellar lesions in another. 

Anterior pituitary functions were preserved in 29 patients (97%) before GKS (without 

medications), and one patient (3%) received pituitary hormone replacement (thyroid 

hormone) before GKS.  

 

 

Radiosurgical Procedure 
 

The Leksell gamma knife unit consisted of 201 independent cobalt-60 radiation sources 

that delivered highly focused ionizing beams to the intracranial target in a single session. We 

used Model B until December 2007 and Model 4C between January 2008 to April 2010. 

Following local anesthesia, patients were placed in a stereotactic frame (Leksell model G; 

Elekta Instruments AB). Supplemental intravenous sedation was provided to those displaying 

anxiety (1.0 - 2.5 mg midazolam). MRIs were performed at a thickness of 1.5 mm/slice. Dose 

plans were generated using GammaPlan (Elekta Instruments AB) in all cases.  
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Radiation Dosimetry 
 

Tumor volumes ranged from 0.12 to 14.2 ml (median, 0.8 ml). The median prescribed 

dose for tumor margins was 20 Gy (range 14 – 25 Gy). The median isodose to tumor margins 

was 50% (range 50 - 60%).  

The median maximum radiation dose to the optic pathways was 8 Gy (range 0.5 – 10 

Gy). Overall dose selections were adjusted based on the specific tumor volumes and 

locations, especially in relation to the optic pathways. One patient with a large volume tumor 

(12.2 ml) extending bilaterally in the cavernous sinus received two-staged radiosurgery 

(volume fraction) [10].  

 

 

Follow-Up Review 
 

After radiosurgery, the patients were instructed to undergo clinical evaluations and serial 

imaging every six months in the first three years and once every year or two after that. 

Thyroid hormone and cortisol levels other than GH and IGF-1 were also checked regularly, 

but we did not perform hormone stimulation tests regularly. We defined remission after 

radiosurgery as normalization of age- and sex-matched levels of IGF-1 and nadir GH levels 

after oral glucose load of less than 1 µg/l or, because the oral glucose load test is difficult to 

perform in all patients, random GH levels less than 2 µg/l without any pituitary suppressive 

medication.  

 

 

Results 
 

Tumor Control 
 

The median follow-up duration was 126 months (range, 30 - 218 months). MR imaging 

was followed in 28 patients; tumor sizes were decreased in 24 of these patients (86%) and 

stable in 4 patients (14%) (Figure 1). One patient suffered an intrasellar recurrence two years 

after GKS leading to a right cavernous sinus lesion, and TS surgery was performed. The 

patient then underwent a second GKS for the residual tumor.  

A third GKS was performed 1.6 years later to treat a regrowth in the left cavernous sinus 

and 1.6 years later linear accelerator based radiosurgery was again applied to a recurrence in 

the skull base. These recurrences were considered out of the original treatment fields. 

Considering this patient as a treatment failure, tumor growth control was achieved in 27 of 

those patients (96%) for whom MRI data was available.  
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Figure 1. Magnetic resonance images (MRI) from a 46-year-old female patient with a GH-producing 

adenoma who underwent gamma knife radiosurgery (GKS) after transsphenoidal resection surgery. A. 

T1 coronal MRI with gadolinium enhancement showing a tumor extending to the right cavernous sinus 

before surgery and suprasellar portion. The GH level was 28 µg/l. B: T1 coronal MRI with gadolinium 

enhancement showing a residual tumor in the right cavernous sinus at the time of GKS. The GH level 

was 4.9 µg/l. The tumor treatment volume was 1.2 ml and received a dose of 20 Gy at the prescribed 

dose at 50% isodose. The optic region was radiated at a maximum of 6 Gy. C: The patient was followed 

without medication. T1 coronal MRI with gadolinium enhancement, 8 years after gamma knife 

radiosurgery showing a marked decrease in tumor size. At this point the nadir GH level after oral 

glucose dose was 0.56 µg/l and the IGF-1 level was 161 ng/ml; the patient was considered to be in 

biological remission. 

 

Endocrinological Outcome 
 

Medication was continued or administrated after GKS in 17 patients (57%); eleven were 

administered octreotide, five received bromocriptine, and one patient received cabergoline. In 

one patient octreotide was discontinued three years after GKS due to clinical remission.  

 GH and IGF-1 values were obtained from all patients during follow-up, and the oral 

glucose load test was performed in nine. Random GH levels decreased from a median of 

10 µg/l (range 3.5 to 120 µg/l) before GKS to a median of 1.2 µg/l (range 0.18 to 2.79 µg/l) at 

the last follow-up. Serum IGF-1 levels decreased from a median of 810 ng/ml (range 368 to 

1470 ng/ml) before GKS to a median of 214 ng/ml (range 66 to 1150 ng/ml) at the last 

follow-up. The upper limit of normal age- and sex- matched IGF-1 levels decreased from a 
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median of 2.67 times (range 1.38 - 5.63) before GKS to a median of 0.93 times (range 0.1 to 

4.87) at the last follow-up.  

When disease remission was considered to be nadir GH levels less than 1 µg/l during an 

oral glucose load or random GH levels below 2 µg/l and normal IGF-1 levels adjust for age 

and sex, the remission rate was 63.3% (19 patients) and the disease remission without 

medication was 10 patients (33%). The 5-year and 10-year actuarial remission without 

medication was 17% and 45%, respectively (Figure 2). 

 

 

Figure 2. Kaplan-Meier curve of endocrinological remission without medication treated by gamma 

knife radiosurgery for GH-producing adenomas (normalization of age- and sex-matched levels of IGF-1 

and nadir GH levels after oral glucose load less than 1 μg/l or, random GH levels less than 2 µg/l 

without any pituitary suppressive medication). 

 

Adverse Effects 
 

Two patients suffered symptomatic hypopituitarism (7%). One of these suffered general 

fatigue two years after GKS and an endocrinology examination revealed hypopituitarism. The 

nadir GH levels of this patient following oral glucose load had decreased from 23 µg/l before 

GKS to 2.1 µg/l and the IGF-1 levels from 1260 ng/ml to 304 ng/ml. Tumor size was also 

markedly decreased at that time. Another patient who had achieved remission started 

hormonal replacement therapy 11 years after GKS. One patient suffered severe headaches 

that were difficult to treat by medications including opioids; this patient also could not receive 

dopamine agonists or somatostatin analog therapies due to the side effects of these drugs. No 

other neurological deteriorations or deficits occurred during the follow-up period.  
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Discussion 
 

Tumor Growth Control 
 

Although not their primary aim, a recent review of the literature reporting cases in which 

GKS was used against GH-producing adenomas shows that tumor growth control was 

achieved in 96 - 100% of patients [1,3,7,13, 16, 18,20, 26, 28, 29, 36-37,39]. Our growth 

control rate was 96%, because one patient experienced regrowth outside of the radiosurgical 

treatment field; when only the original, successfully controlled adenomas were considered, 

our tumor growth control rate was 100%. Losa et al. also reported that 2.4% of their patients 

suffered regrowth outside of the radiosurgical fields [29]. 

 

 

Biochemical Remission  
 

In 20% of patients, conventional radiation therapy required 10 years for GH levels to 

reach less than 2.5 µg/l and for IGF-1 to be normalized [14]. Jenkins et al. evaluated 884 

patients treated by conventional radiation therapy and reported that random GH levels were 

less than 2.5 µ/l in 36% of patients after 5 years, in 60% at 10 years, and in 77% at 20 years; 

IGF-1 levels (age-matched) were normal in 50% of the patients studied at 5 years, in 63% at 

10 years, and in 55% at 20 years
 
[17].  

Most patients who received external beam irradiation demonstrated normal life 

expectancy when GH secretion was normalized or substantially improved. But, recent reports 

revealed that radiation therapy was a risk factor for increased mortality as cerebrovascular 

disease in acromegaly patients [2,19].  

Compared to conventional radiation therapy, GKS is less invasive with respect to the 

surrounding structures because of the steep fall-off in radiation at the margin of the lesions. 

Reports of GKS studies have differed widely in the types of tumors treated, the times between 

last administration of medical treatment and hormonal evaluation, and the criteria used to 

measure biological remission, among other factors, making the comparison of these results 

difficult.  

We defined the biological remission as either nadir levels of GH <1 μg/L l during an oral 

glucose load, or random GH levels <2 μ/Ll and normal age-adjusted and sex-adjusted levels 

of insulin-like growth factor without pituitary suppressive medications. The radiation therapy 

reported alter GH feedback regulation, thus making interpretation of GH dynamics testing 

more difficult [35] and Sheehan et al. reported they evaluated only IGF-1 values for remission 

criteria after GKS [38]. But, recent studies using GKS in acromegaly patients and various 

criteria to evaluate their success reported remission rates from 10% to 60% (details in Table 

2) [1,3,7,13, 16, 18, 20, 26, 28, 29, 36-37,39].  

Evaluation of treatment results using the relatively stringent criteria (nadir GH levels less 

than 1 µg/l during an oral glucose load or random GH levels below 2 µg/l and normalized 

IGF-1) resulted in 5- and 10-year actuarial remission rates of 17% and 45%, respectively in 

our study. These values are within the ranges of those obtained using both conventional 

radiation and GKS therapies.  

 



 

Table 2. Summary of recently published reports of GH-producing adenomas treated by gamma knife radiosurgery 

 

Author (year) No.of patients 

Prescribed marginal 

Dose 

Follow-up 

Period 

Tumor growth 

Control 

Endocrinological 

Remission Hypopituitarism 

  

(Gy) (months) (%) (%) (%) 

Attanasio (2003) 30 20 46 100 23 7 

Castinetti (2005) 82 25.7 49.5 NA 17 17 

Kobayashi (2005) 67 18.9 63 100 17 15 

Ježková (2006) 96 32 54 100 50 27 

Pollock (2007) 46 20 63 100 50 33 

Losa (2008) 83 25 69 98 60 9 

Jagannathan (2009) 95 22 57 98 53 34 

Swords (2009) 10 NA 38.5 100 10 12 

Ronchi (2009) 25 20 114 100 46 50 

Iwai (2010) 26 20.2 84 96 38 8 

Franzin (2012) 103 22.5 71 97.8 58 7.8 

Liu (2012) 40 21 72 97.5 47.5 40 

Lee (2014) 136 25 61.5 98.5 65.4 31.6 

   NA: not available. 
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Together, these results suggest that at least half of the patients treated by GKS should 

expect a normal life span without medications in accordance with recent reports of the long-

term outcomes for acromegaly [2,19]. Pending further follow-ups, we expect that the 

percentage of patients with biochemical remission will probably increase.  

Previously, higher radiation doses were recommended for decreasing hormonal levels 

[41]. But recent reports showed that radiation dose was not a predictive factor of hormonal 

remission, nor were tumor size or extension; but initial plasma GH and IGF-1 levels were 

significant predictive factors of outcome [29, 33, 36-37].  

 

 

Endocrinopathy 
 

Conventional radiation therapy and GKS also differ in their degrees of injury with regard 

to endocrinopathy. New deficiencies in pituitary hormones were reported to occur following 

conventional radiation therapy in 18% of patients for LH/FSH, in 15% for ACTH, and in 27% 

for TSH [14]. Pollock et al. reported endocrinopathy after GKS in 10% of patients at 2 years 

and in 333% at 5 years [36]; Ježková et al. reported a 27% incidence of anterior pituitary 

deficits after GKS [18] and Ronchi et al. reported 50% of hypopituitarism after GKS 

including 40% of hypoadrenalism, 11% of hypothyroidism, 13% of hypogonadism and 6% of 

GH insufficiency up to 10 years follow-up [37]. They mentioned the prescribed marginal dose 

was significantly correlated with developing hypopituitarism. However, others also reported 

lower incidences, such as 7 to 8.5% with hypopituitarism [1, 29]. In our study, two patients 

(7%) suffered symptomatic hypopituitarism 2 years and 11 years after GKS. These 

differences may be related to the method for evaluating pituitary function during the follow-

up and/or dependent on the effect of previous radiation therapy [29]. 

 

 

Complications 
 

The optic pathways are radiosensitive structures and could be irradiated with less than 10 

Gy without complications [25]. We also planned radiation doses to the optic pathways that 

would not exceed 10 Gy. But, Levitti et al. reported a higher dose (12 Gy) for the anterior 

optic pathways, which has not caused optic neuropathy secondary to radiation injury, recently 

[24]. 

The cranial neuropathy in the cavernous sinus was reported 0 to 4% as few incidence 

[36]. Because the cranial nerve in the cavernous sinus is consider relatively radioresistant and 

reported 30 Gy is tolerable but, the report of 18 Gy suffered cranial neuropathy especially 

previously radiated [15]. Also, the cystic formation and transient expansion was reported after 

GKS for pituitary adenomas [12]. The asymptomatic temporal lobe necrosis and stenosis of 

the carotid artery at the cavernous sinus was reported [36] and also reported cerebral 

infarction due to occlusion of the carotid artery [27]. We have no such complications after 

GKS, but we will need long-term follow-up to evaluate these complications. 
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Role of Adjuvant Medical Therapy 
 

Recent results also revealed that, although GH levels decreased relatively rapidly 

following GKS [22], normalization required a longer time; hence, we must evaluate treatment 

results over longer follow-up durations. Vik-Mo et al. reported that patients receiving GH-

suppressive medications exhibited a more rapid decline in hypersecretion than those who did 

not receive such medication [40]. We also considered whether the combination of GKS and 

medical treatment is necessary for early normalization of the hormonal situation after GKS. 

Among our patients, 17 (57%) received adjuvant medical treatment. Not all patients were 

administered this treatment, because early in the study (1995 - 1997) we had not yet started to 

use somatostatin analog, and among those more recent patients who were candidates for the 

drug, not all of them accepted the costs of this medical treatment.  

Landolt et al. reported that pre-radiosurgical treatment with somatostatin analog might 

have a radio-protective effect, and they recommended stopping this medication two months 

before GKS [23]. Sheehan et al. recommended to stop somatostatin analog 8 weeks before 

and 8 weeks after GKS, and dopamine agonist 4weekes before and 4 weeks after GKS [38]. 

But, Castinetti et al. reported no differences in the outcomes observed between patients who 

received somatostatin analog at the time of GKS (20%) and those who did not (15%) [3]. 

Nevertherless, we share the viewpoint that the treatment should be stopped shortly before 

GKS. We also need to evaluate the influence of somatostatin analog as an adjuvant therapy 

for GKS. 

 

 

Cost Effectiveness 
 

Cost effectiveness of radiosurgery for acromegaly was reported comparing surgery, 

radiosurgery and medical treatment [32]. They mentioned the lifetime cost for 

pharmacotherapy is between 29 and 41 times the cost of SRS and 41 and 59 times that of 

surgery, depending on the drug (or drugs) used to achieve remission. Oldfield commented as 

refutations against the routine use of radiosurgery in most patients who need additional 

therapy after surgery (either because of incomplete endocrine control with medical therapy or 

because of the extraordinary expense that currently accompanies a lifetime of medical therapy 

with somatostatin analog or GH receptor blockade). The convenience of having a single-

session therapy and the potential of an early hormonal response are reasons enough for 

radiosurgery to be the first choice in most patients [34]. 

 

 

Conclusion 
 

Although GKS requires a relatively long time to achieve hormonal remission, it is a very 

useful treatment for GH-producing adenomas over the long term. We propose that, compared 

to continuing life-long medication, GKS is less invasive and more cost effective.  
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