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ABSTRACT

Background: To evaluate the efficacy and safety of Gamma Knife radiosurgery in the
treatment of pituitary adenomas. Materials and Methods: A retrospective analysis
was conducted on 123 patients with pituitary adenomas who underwent Gamma
Knife radiosurgery at Shandong Daizhuang hospital. All patients were followed up for
12 months post-treatment and complete follow-up data were obtained. Follow-up
data included records of disease progression (medical history and physical
examination changes), imaging and endocrine follow-up results at re-examination.
Univariate analysis was performed to identify factors affecting tumor control and post-
treatment complications, and factors with statistical significance (P <0.05) were
subjected to multivariate analysis. Results: Clinical data of 123 patients with pituitary
adenomas were included in this study, with 51 patients in the postoperative group
who had previously undergone surgical treatment, and 72 patients who were treated
first with Gamma Knife radiosurgery. Except for age, there were no statistically
significant differences in baseline data between the two groups. Tumor volume
[P=0.034, odds ratio (OR)=1.071, 95% confidence interval (Cl): 0.121-5.206] and tumor
invasion (P=0.005, OR=0.233, 95% Cl: 0.202-0.392) were predictive factors for tumor
progression. The results of the 1-year follow-up showed no statistically significant
difference in efficacy between patients with pituitary adenomas who had previously
undergone surgical treatment and those who were first treated with Gamma Knife
radiosurgery. Conclusion: Gamma Knife radiosurgery is an effective treatment option
for patients with pituitary adenomas, regardless of whether they have previously
undergone surgical treatment.

INTRODUCTION adenomas can be classified based on their hormonal
function into functional and non-functional adenomas
Pituitary adenoma is a benign tumor that grows ®). Functional pituitary adenomas mainly include

within the pituitary gland, located at the base of the
brain, and represents a manifestation of dysfunction
in the hypothalamic-pituitary-target gland axis (. 2).
Pituitary adenoma ranks second in the incidence of
intracranial tumors, with an incidence rate of
approximately 1 per 100,000, accounting for about
15% of primary central nervous system tumors ),
Pituitary adenoma is the most common tumor in the
sellar region, accounting for approximately 10% of
intracranial tumors, with a prevalence of 20% to 30%
in autopsy studies. The age of onset of pituitary
adenomas ranges from 10 to 90 years, with an
average age of about 50 years, indicating a higher
incidence in adults * 5). Symptoms of pituitary
adenomas may vary depending on tumor type, size,
and location, with common symptoms including
persistent headaches, vision problems (visual field
defects, blurriness, or diplopia), hormonal abnormali-
ties (menstrual irregularities, breast enlargement,
growth abnormalities, or Cushing's syndrome), and
increased intracranial pressure (6-8). Pituitary

prolactinomas, growth hormone-secreting adenomas,
adrenocorticotropic hormone-secreting adenomas,
and thyroid-stimulating hormone-secreting
adenomas, while non-functional pituitary adenomas
typically do not cause hormone overproduction, thus
may not present obvious symptoms in the early
stages (10.11). When classifying pituitary adenomas
based on tumor diameter on radiological imaging,
those with a diameter <1 cm are classified as
microadenomas, those with a diameter in the range
of 1 to 4 cm are classified as macroadenomas, and
those with a diameter >4 cm are classified as giant
adenomas (12). Hardy further divides pituitary tumors
into macroadenomas and microadenomas, with
diameters <10 mm classified as microadenomas and
diameters 210 mm classified as macroadenomas (13).
Combining  tumor  size and  radiological
characteristics, Cuiot and Hardy classified pituitary
adenomas into two types with 5 grades, namely the
limited type and the invasive type, with the limited
type including grades O, I, and II, and the invasive
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type including grades III and IV (4. Macroadenomas
or giant adenomas often exhibit typical invasiveness
and infiltration of surrounding structures such as the
dura mater, cavernous sinuses, and bone, while non-
invasive adenomas simply compress or push adjacent
tissues (15). Although the majority of pituitary
adenomas exhibit expansive growth, approximately
35% of pituitary adenomas display invasive growth,
infiltrating surrounding tissues such as the dura
mater, cavernous sinuses, and even damaging the
floor of the sella or adjacent bone structures. Seeking
rational and effective treatment modalities is a
primary concern shared by healthcare professionals.

Treatment options for pituitary adenomas depend
on the specific type of tumor, with the main
modalities being a combination of endocrinology and
neurosurgery (16). Currently, common treatment
methods include medical therapy, surgical
intervention, and radiation therapy (7). Among
medical therapies, drugs for prolactinomas and
growth hormone-secreting adenomas are most
common, such as bromocriptine, cabergoline, and
octreotide (18). For patients with acromegaly due to
growth hormone-secreting adenomas, commonly
used drugs include octreotide and levodopa,
particularly if the tumor does not exhibit invasive
growth (18), With the continuous development of
endoscopic and neuro-navigation techniques,
microscopic transcranial, microscopic
transsphenoidal, and endoscopic transsphenoidal
surgeries have become common approaches for
pituitary adenomas. However, surgical complications
such as intracranial infections, intracranial
hematomas, visual impairments, and hypothalamic
injuries should not be overlooked (9. Radiation
therapy can be utilized for pituitary adenomas that
cannot be surgically removed or for residual tumors
following surgery. Personalized treatment plans
should be devised based on clinical circumstances to
enhance patients' quality of life (20).

In 1968, Sweden successfully developed the
world's first Gamma Knife treatment device,
providing a new approach for treating pituitary
tumors. With advancements in diagnostic tools and
technology, the efficacy of Gamma Knife treatment for
pituitary adenomas has continuously improved,
making it one of the main treatment modalities for
these tumors (21). Magnetic Resonance Imaging (MRI)
enables precise targeting for Gamma Knife treatment,
and employing steep dose gradient lines, such as the
-50% isodose line, can further reduce the likelihood
of postoperative complications. Gamma Knife
treatment can ameliorate clinical symptoms, control
tumor growth, and reduce growth hormone levels in
patients with pituitary adenomas. It is a viable option
for patients with residual tumors after surgery,
those unable to tolerate surgery, or those with
persistently elevated growth hormone levels and
unrelieved symptoms postoperatively. However,

radiation-induced brain injury (RIBI) is a
neurologically damaging condition that can occur at
any time following radiotherapy for head and neck
tumors, leading to cerebral edema, demyelination,
and necrosis, with symptoms primarily manifesting
as headaches, memory impairment, and cognitive
decline (22, To clarify the efficacy and safety of
Gamma Knife treatment, we conducted this
retrospective study, aiming to provide data
references for improving patients' quality of life. The
study compares, for the first time, the treatment
outcomes of patients previously treated with surgery
and those preferred to receive gamma knife therapy,
and analyses the factors affecting tumor control and
post-treatment complications, providing physicians
with a greater basis for clinical decision-making.

MATERIALS AND METHODS

Study population

This retrospective analysis reviewed the clinical
data of 446 patients with pituitary adenomas treated
with Gamma Knife at the Daizhuang Hospital Gamma
Knife center in Shandong province between January
2012 and January 2023. Among them, 123 patients
had complete follow-up data (12 months), including
records of disease progression, follow-up imaging,
and endocrine assessments. Patients were divided
into two groups based on whether they underwent
surgical treatment before Gamma Knife therapy: the
postoperative Gamma Knife treatment group
(postoperative group) and the primary Gamma Knife
treatment group (primary group).

This study posed a low risk to the study
participants and no formal ethical approval was
given, but the entire study process followed ethical
principles and the data were anonymized.

Inclusion and exclusion criteria

Inclusion criteria: (1) Patients diagnosed with
pituitary adenomas based on clinical symptoms,
endocrine, and imaging examinations; (2) Accurate
records of surgical treatment history; (3) Complete
endocrinological and imaging-related examination
data.

Exclusion Criteria: (1) Patients with concomitant
other endocrine or metabolic diseases; (2) Patients
receiving concomitant medication therapy; (3)
Patients undergoing reoperation or radiotherapy
during the follow-up period; (4) Patients with
recurrent pituitary adenomas.

Pre-treatment clinical information

Endocrine parameters included prolactin (PRL),
adrenocorticotropic hormone (ACTH), cortisol (PTF),
growth hormone (GH), luteinizing hormone (LH),
follicle-stimulating hormone (FSH), E2, and
testosterone levels. Visual field impairment was
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graded based on the Visual Field Index (VFI), with
normal VFI being 100%. Imaging parameters
included axial, coronal, and enhanced MRI sequences.
Knosp grading (0 to 4) was conducted based on the
tumor's contact with the cavernous sinus and the
carotid artery siphon (23).

Gamma Knife treatment

Patients underwent local anesthesia and were
fitted with a Leksell G-type localization head frame
(Elekta Instruments AB, Stockholm, Sweden).
Magnetic Resonance Imaging (MRI) scans (Siemens,
Germany, Erlangen) were performed in the axial and
coronal planes to precisely delineate the lesion and
surrounding critical structures. Treatment planning
was conducted using Gamma-TPS software (Pinnacle
TPS v. 8.0 d; Philips Radiation Oncology Systems,
Milpitas, CA), with multiple target points designed
using 4mm, 8mm, and 14mm collimators, and dose
gradient lines set at 50%. Peripheral doses ranged
from 14 to 30 Gy, while central doses ranged from 28
to 60 Gy. Additionally, efforts were made to ensure
that doses to the optic nerves and optic chiasm were
kept below 9 Gy. Treatment was delivered using the
OUR-XGD rotary Gamma Knife (Shenzhen Oreworld
International Science and Technology Development,
Shenzhen, Guangdong Province, China).The interface
of the TPS software is shown in figure 1.

Figure 1. Development of Gamma Knife treatment plan based
on MRI images (A. Data management and configuration
patient image interface; B. Profile definition and 3D
reconstruction interface; C. Treatment plan design and dose
display)

The following sequences were used for cranial
MRI scans. 1) Conventional T1 and T2-weighted
images: These sequences are typically employed to
delineate  anatomical structures and tissue
characteristics. T1-weighted images exhibit high
signal intensity for cerebrospinal fluid, fat, and white
matter, while T2-weighted images depict high signal
intensity for cerebrospinal fluid and gray matter. 2)
T1-weighted 3D MP-RAGE sequence: This high-
resolution three-dimensional T1-weighted sequence
provides clearer anatomical information, particularly
suitable for evaluating small anatomical structures
and lesions. 3) Diffusion-weighted imaging (DWI):
This sequence detects the diffusion of water
molecules within tissues, aiding in the assessment of
microstructure and damage to brain tissue,
commonly used in the diagnosis of stroke, tumors,
and other conditions. 4) Time-of-flight MR
angiography (TOF-MRA): This sequence generates
images by utilizing the spin motion of blood, thereby

displaying the distribution and morphology of
intracranial and cervical arterial vessels. It assists in
evaluating vascular abnormalities and blood flow
conditions. In all cases, radiological assessments
were performed by independent neuroradiologists,
ensuring professional and accurate evaluation of the
MRI imaging results, providing crucial evidence for
clinical diagnosis and treatment.

Follow-up protocol

Patients without adverse reactions after Gamma
Knife treatment were followed-up at 1, 3, 6, and 12
months  post-treatment.  Follow-up  primarily
consisted of plain and enhanced MRI scans, along
with endocrine and ophthalmological assessments to
evaluate visual acuity. Clinical status changes were
documented, and tumor volumes were calculated
using gamma-plan dose planning system based on
imaging results. Symptomatic treatment and relevant
diagnostic and therapeutic interventions were
administered if patients experienced disease
progression or severe complications.

Efficacy criteria

Efficacy criteria for pituitary adenoma treatment
included: (1) Tumor shrinkage: disappearance of the
tumor or a reduction in tumor volume >10%; (2)
Tumor stability: no change in tumor volume or a
change <10%; (3) Tumor enlargement: an increase in
tumor volume >10%. Tumor shrinkage and stability
were defined as tumor control, while tumor
enlargement indicated tumor progression.

Statistical analysis

Data were analyzed using IBM SPSS 20.0
statistical software. Continuous variables were
presented as means or medians with ranges, while
categorical variables were presented as frequencies
and percentages. The chi-square test was used for
categorical variable analysis. Univariate regression
analysis was conducted to identify factors influencing
prognosis and pituitary function, with odds ratios
(ORs) and 95% confidence intervals calculated for
relevant factors. Variables with significance (p<0.15)
in univariate analysis were further analyzed using
binary logistic regression. A p-value <0.05 was
considered statistically significant.

RESULTS

Study population

This retrospective study included a total of 123
patients with pituitary adenomas (68 males and 55
females), as shown in table 1. Among them, 51
patients had previously undergone surgical
treatment (postoperative group), while 72 patients
were treated with gamma knife therapy as the initial
choice (first-choice group). There were no
statistically significant differences between the
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postoperative group and the first-choice group in
terms of gender (P=0.943), microadenoma quantity
(P=0.722), macroadenoma quantity (P=0.726), giant
adenoma quantity (P=0.951), adenoma classification
(P=0.790), endocrine function (P=0.977), GH levels
(GH=<20: P=0.750; 20<GH=40: P=0.009; GH>40:
P=0.145), visual field defects (P=0.835), and MRI/CT
imaging results (P=0.835) (P>0.05). However, there
was a statistically significant difference in age
between the postoperative group and the first-choice
group (P=0.015<0.05).

Table 1. General characteristics of included patients.

Postoperative | Preferred P value
group (n=51) |group (n=72)
Sex 0.943
Male 28 40
Female 23 32
Age 43.61+8.93 |44.94+10.35| 0.015
Adenoma size
Microadenoma 12 15 0.722
Macroadenoma 31 46 0.726
Giant Adenoma 8 11 0.951
Classification of 0.790
Adenomas
Functional 40 56
Non-functional 11 16
Endocrine function 0.977
Normal 36 51
Abnormal 15 21
Growth hormone
(GH) (ng/ml)
<20 17 26 0.750
20<GH=<40 29 33 0.009
>40 5 13 0.145
Visual field defect
Mild 15 30 0.164
Moderate 30 36 0.415
Severe 6 6 0.527
Imaging 0.835
Invasive 21 31
Non-invasive 30 41
knops’ classification
0 21 29 0.920
1 9 12 0.887
2 11 17 0.790
3 7 9 0.842
4 4 5 0.850
Median 2.9(0.9-46.6) |2.1(0.2-50.4) | 0.312
tumor volume (ml)

Values are presented as mean * standard deviation or number of
patients. Growth hormone :GH;

We provide MRI images of a patient before and
after gamma knife treatment (figure 2). This patient
was a 56-year-old male and the MRI results showed
that the gamma knife treatment showed good clinical
benefit.

Follow-up conducted to assess treatment efficacy
Any occurrence of tumor progression during any
follow-up period was recorded as tumor progression.
Among the postoperative group, there were 8 cases
of pituitary adenoma progression, while in the

first-choice group, there were 4 cases of pituitary
adenoma progression. In the postoperative group,
there were 43 cases of pituitary adenoma control,
including 30 cases of tumor reduction and 13 cases of
tumor stabilization. In the first-choice group, there
were 68 cases of pituitary adenoma control, including
48 cases of tumor reduction and 20 cases of tumor
stabilization. The difference in tumor progression
between the two groups was not statistically
significant (P=0.062).

P 5 A y LB
Figure 2. MRI contrast images of the patient before and after
gamma knife treatment (A-B: MRl images of the patient
before treatment; C-D: MRl images of the patient after
treatment)

Table 2. Prognosis of pituitary adenoma patients after

treatment.
Postoperative Preferred
group (n=51) group (n=72)
Tumor progress 8 4
Tumor control 43 68
Tumor shrinkage 30 48
Tumor stabilization 13 20

Single factor analysis and multifactor analysis

The results of the univariate analysis of pituitary
adenoma progression (table 3) indicate that tumor
volume (P=0.018, OR=1.174, 95% CI: 0.254-1.670),
tumor invasion (P=0.003, OR=0.987, 95% CI: 0.149-
2.513), and marginal dose (P=0.015, OR=0.872, 95%
Cl: 0.448-4.191) are predictive factors for tumor
progression. The results of the multivariate analysis
show that tumor volume (P=0.034, OR=1.071, 95%
Cl: 0.121-5.206) and tumor invasion (P=0.005,
OR=0.233, 95% CI: 0.202-0.392) are predictive
factors for tumor progression. The control rates for
patients with a marginal dose greater than or equal to
16 Gy were 95.9%, those with a dose greater than or
equal to 18 Gy were 100%, and those with a dose
greater than or equal to 20 Gy were 100%. This
suggests that increasing the marginal dose during the
treatment of pituitary adenomas results in more
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significant efficacy.

Table 3. Univariate and multivariate analysis of predictors for
pituitary adenoma progression.

Single factor analysis

In;Iuencmg Standarddeviation OR(95%Cl) P-
actors error value
Gender 8.239 | -5.717 |0.205(0.037-1.234)|0.055
Treatment 3.291 | -0.032 |1.394(1.167-2.467)|0.672
Age 0.273 | <0.001 [0.977(-0.081-1.023)(0.432
Knosp

nosp | 5927 | 0302 |1.131(0.518-1.542)0.527
classification
Marginal Dose | 0.116 | -0.019 |0.872(0.448-4.191)0.015
MRI/CT Imaging ; , /| 159 [0.987(0.149-2.513)[0.003

- Invasion
Adenoma | ;50 | 040 |1.174(0.254-1.670)/0.018
volume
multifactor analysis
Imaging - | 5 994 | 3265 [0.233(0.202-0.392)[0.005
Invasion
Adenoma | 51 | 034 |1.071(0.121-5.206)[0.034
volume

Marginal Dose | 0.156 | -0.026 |0.965(0.157-1.332)|0.846

DISCUSSION

With the advancement of Gamma Knife
technology and imaging techniques, the efficacy of
Gamma Knife treatment for pituitary adenomas has
been increasingly recognized by neurosurgeons, and
numerous reports have demonstrated @ its
effectiveness (24). OQur study results show no
statistically significant difference in efficacy between
patients who previously underwent surgical
treatment and those who underwent Gamma Knife
treatment as the initial choice for pituitary
adenomas. This suggests that Gamma Knife
treatment is an effective option for treating pituitary
adenomas, regardless of whether patients have
undergone prior surgical treatment.

Previously, scholars believed that radiation
therapies such as Gamma Knife could have adverse
effects on patients' quality of life, such as affecting
cognitive function. However, recent studies suggest
that Gamma Knife can be used alone or as an adjunct
for the treatment of pituitary adenomas, with
research results indicating that Gamma Knife has no
detrimental effect on cognitive function (25.26). Tooze
et al. published two prospective studies in 2012 and
2018, respectively, involving 65 patients with
pituitary adenomas who underwent Gamma Knife
treatment. The results of both studies confirmed that
stereotactic Gamma Knife radiation therapy had no
significant impact on the cognitive function of
patients with pituitary adenomas (7). Another study
evaluated the efficacy of radiation therapy in 84
patients with pituitary adenomas, of which 45
underwent endonasal endoscopic surgery alone, and
39 received adjuvant radiation therapy following
surgery. The results suggested that radiation therapy
had no adverse effects on the cognitive function

(verbal memory and executive function) of patients
with pituitary adenomas (28). Brummelman et al.
conducted a study in 2012 involving 75 patients with
non-functioning pituitary adenomas. They divided
the patients into a radiotherapy group (30 cases, 1.8
Gy x 25 times = 45 Gy) and a non-radiotherapy group
(45 cases). Among the radiotherapy group, three
different subgroups were further categorized based
on different techniques (10 cases with three-field
irradiation, 15 cases with four-field irradiation, and 5
cases with five-field irradiation). All subjects
underwent memory and executive function
assessments. The results indicated that there was no
significant difference in cognitive function between
patients receiving three-field, four-field, or five-field
techniques and those in the non-radiotherapy group.
Our study results show no statistically significant
difference in efficacy between postoperative
radiotherapy and radiotherapy alone, and no
significant cognitive impairment was observed in
patients, consistent with previous studies.

Currently, there are many studies on predictive
factors for the progression of pituitary adenomas.
The main factors for progression include tumor
volume, invasiveness, and extent of surgical resection
(29). Zhang et al. retrospectively analyzed data from
121 patients with pituitary adenomas who
underwent Gamma Knife treatment after surgical
resection 39, The results showed that the rate of total
tumor resection was an effective way to prevent
recurrence of pituitary adenomas, and tumor
invasiveness was an independent risk factor for
recurrence. Our study results show that tumor
invasiveness and tumor volume are risk factors
affecting patient prognosis, consistent with Zhang et
al's study. Another clinical study by Hsu showed that
patients with high proliferating cell nuclear antigen
(PCNA) index had a higher tumor progression rate
after treatment. The results of Li et al's study
suggested that Ki-67 could be used as an indicator to
judge the invasiveness of pituitary adenomas, and it
was positively correlated with tumor volume 31, Our
study did not involve PCNA index measurement or
cytokine assessment, which will be improved in
further research. In addition to predictive factor
analysis, some scholars have used radiomics to
construct regression equations for pituitary
adenomas, suggesting that volume fraction and ratio
constants are features to distinguish pituitary
adenoma progression, with sensitivities and
specificities of 94.4% and 90.6%, respectively (2
The above studies suggest that incorporation of
radiomics-based regression equations may further
improve the accuracy of prediction, thus highlighting
the importance of volumetric parameters in
monitoring tumor progression. In conclusion, the
evolving treatment of pituitary adenomas highlights
the need for a personalized approach combining
surgical, radiological and predictive strategies to
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optimize patient prognosis and quality of life.

This study has certain limitations. Firstly, it is a
retrospective study from a single treatment center.
Secondly, we did not accurately record the surgical
methods of the postoperative group (total resection/
partial resection), which may be a factor influencing
the progression of pituitary adenomas. In the next
step of our research, we will design a prospective
study to accurately record various information of the
enrolled subjects and enrich the types of examination
items.

CONCLUSION

Gamma Knife treatment has a stable effect on
controlling pituitary adenomas. Individualized
treatment plans should be developed based on the
specific conditions and needs of patients during
clinical treatment.
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