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Pituitary Adenoma

Lindsay M. Burt, Gita Suneja, and Dennis C. Shrieve

�Learning Objectives

•	 Learn the epidemiology, risk factors, genetics, presenta-
tion, and treatment paradigms associated with pituitary 
adenomas.

•	 Understand the diagnosis and appropriate workup for 
pituitary adenomas with imaging, pathology, and labs.

•	 Know the appropriate medical, surgical, and radiothera-
peutic management for both nonfunctioning and func-
tioning pituitary adenomas.

•	 Recognize indications for various radiotherapy 
approaches including fractionated radiation or stereotac-
tic radiosurgery.

•	 Learn appropriate target volumes and doses for both stereotac-
tic radiosurgery and stereotactic fractionated radiation therapy 
for nonfunctioning and functioning pituitary adenomas.

•	 Know the local control rates, hormone normalization 
rates, and side effects associated with treating pituitary 
adenomas with radiation therapy.

�Epidemiology

Pituitary adenomas account for 16% of all brain tumors diag-
nosed in the United States (USA), making it the second most 
common brain tumor in adults. With an average of 11,733 
new pituitary adenomas diagnosed annually, the incidence is 

estimated at 3.66 per 100,000 [1]. The incidence increases 
with age, peaking in the seventh and eighth decade, and is 
slightly more common in women than men and African-
Americans than Caucasians [2]. Clinically nonfunctioning 
pituitary adenomas account for 25–30% of pituitary adeno-
mas, of which 80–90% arise from gonadotropic cells. 
Functioning or secreting adenomas oversecrete a hormone 
normally produced by the pituitary gland and comprise the 
remaining 70–75%, with prolactinomas being the most com-
mon. Prolactinomas (PRL) account for approximately 
32–51% of pituitary adenomas, followed by growth hormone 
(GH)-secreting adenomas (9–11%) and adrenocorticotropic 
hormone (ACTH)-secreting adenomas (3–6%.) Less than 
1% of pituitary adenomas are thyroid-stimulating secreting 
or gonadotropin secreting [3].

The etiology of pituitary adenomas is largely unknown. 
Although studies have examined associations between 
pituitary adenoma and factors such as cigarette smoking, 
past diagnosis of head trauma, or prior brain neoplasms, 
no causal relationship has been identified [4]. There is no 
successful prevention of, or screening for, pituitary 
adenomas.

Approximately 60% of pituitary adenomas occur sporadi-
cally with no known genetic predisposition. Somatic muta-
tions, including mutations in GNAS, USP8, PIK3CA, and 
complex I genes, account for almost 40% of pituitary adeno-
mas. Germline mutations and mosaic mutations account for 
the rest of pituitary adenoma mutations. The most notable 
germline mutations include a mutation in the MEN1 gene 
causing multiple endocrine neoplasia type 1 (MEN1). This is 
associated with the classic triad of parathyroid tumors, pan-
creatic/gastrointestinal adenomas, and pituitary adenomas. 
The other mutation is the NF1 gene causing neurofibromato-
sis type 1 (NF1) which is associated with café-au-lait 
macules, neurofibromas, freckling, and other clinical fea-
tures. Mosaic mutations include GNAS and GPR101 [5]. 
However, underlying genetic mutations do not affect man-
agement of pituitary adenomas.
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�Diagnosis and Prognosis

Early detection and treatment of pituitary adenomas are 
important. A normal pituitary gland is typically 8 millimeter 
(mm) by 10 mm by 6–8 mm anterior-posterior, transverse, 
and cranial-caudal, respectively. Pituitary adenomas that are 
detected incidentally on imaging studies are often termed 
incidentalomas and can occur in upward of 20% of CT scans 
and 38% of MRI scans [6, 7]. If not caught incidentally, 
nonfunctioning pituitary adenomas often go undiagnosed 
until they are large enough to cause clinical symptoms due 
to mass effect. These patients will most commonly present 
with visual symptoms including loss of temporal fields due 
to compression of the optic chiasm, followed by headaches 
and hypopituitarism [8]. Patients with secreting pituitary 
adenomas present with clinical findings related to hyperse-
cretion of hormones. Prolactin-secreting tumors can cause 
galactorrhea and hypogonadotropic hypogonadism mani-
festing as amenorrhea and infertility in females and 
decreased libido, impotence, infertility, and gynecomastia 
in men. Growth hormone-secreting adenomas cause acro-
megaly with clinical findings of coarse facial features 
including macrognathia, furrowing of the forehead, and 
enlargement of the nose and ears. In children, gigantism can 
occur [9]. Adrenocorticotropic hormone-secreting adeno-
mas can cause Cushing’s disease with clinical symptoms of 
central obesity, abdominal stria, buffalo hump, and moon 
facies. Thyrotropin adenomas can cause signs of hyperthy-
roidism including warm skin, onycholysis, weight loss, agi-
tation, and urinary frequency [3].

The workup for a suspected pituitary adenoma should 
include a detailed history and physical examination, referral 
to an endocrinologist for hormone evaluation and a neuro-
ophthalmologist for visual field testing, and pituitary imag-
ing. Hormonal evaluation should include measurements of 
serum prolactin, insulin-like growth factor-1 (IGF-1), lutein-
izing hormone (LH), follicle-stimulating hormone (FSH), 
alpha subunit, thyrotropin-releasing hormone (TRH) when 
available (currently not available in the US), and a 24-h urine 
free cortisol measurement.

Magnetic resonance imaging is the most sensitive imag-
ing modality for pituitary adenomas. A dynamic MRI with 
fat suppression with and without contrast in axial, coronal, 
and sagittal views should be obtained to evaluate the extent 
of disease (Fig. 2.1). Thin slices less than 3 mm are recom-
mended as false-negative rates as high as 45–62% have been 
associated with conventional T1 MR imaging [10]. Pituitary 
adenomas generally enhance more slowly than the adjacent 
pituitary and thus will be relatively hypointense compared to 
the intensely enhancing pituitary gland. Pituitary adenomas 
are difficult to diagnosis on CT as two-thirds are hypodense 
on contrast-enhanced images. It is important to try to distin-

guish pituitary adenomas from other sellar lesions including 
other tumors such as craniopharyngioma, meningioma, chor-
doma, primary lymphoma, germ cell tumor, and metastatic 
disease, as well as other findings in the sella-like Rathke’s 
cleft cyst, infiltrative diseases such as granulomas, lympho-
cytic hypophysitis and tuberculosis, and inflammatory 
lesions [10].

The majority of pituitary adenomas are benign neo-
plasms of adenohypophysial cell origin that do not invade 
nearby structures or spread systemically. However, there is 
a spectrum of pituitary neoplasms from benign to malig-
nant. Up to 25% of pituitary adenomas infiltrate and 
actively invade surrounding sellar structures and may clini-
cally behave more aggressively. Pathologically these 
tumors show signs of increased proliferation and aggres-
siveness. Typical pituitary adenomas do not demonstrate 
mitoses on histology, have low ki-67 labeling indices, and 
show minimal p53 immunoreactivity and no invasion into 
other structures, although microscopic dural invasion is 
common and is not considered an atypical feature. Pituitary 
adenomas that show signs of increased proliferation rate, 
invasion, and aggressiveness are termed atypical pituitary 
adenomas. Distinguishing a typical pituitary adenoma from 
an atypical pituitary adenoma is not clearly defined. The 
WHO classification system designates atypical pituitary 
adenomas as having any of the following features: elevated 
mitotic count, ki-67 labeling indices >3%, extensive nuclear 
staining for p53, or invasion into other structures. However, 
the required degree of increased mitotic count or extensive 
p53 immunoreactivity is not clearly defined. If metastases 
are present or the pituitary neoplasm has spread to the cere-
brospinal fluid (CSF), it is considered a pituitary carci-
noma. Less than 1% of pituitary tumors are pituitary 
carcinomas [11].

The normal pituitary gland is composed of small acinic 
cells surrounded by intact reticulin. In cases of pituitary 
hyperplasia, the reticulin stays intact, while the acini are 
increased in size. Histologically the hallmark appearance of 
pituitary adenomas is the monotonous and monomorphous 
proliferation of neoplastic cells that replaces the normal aci-
nar pattern of the pituitary and disrupts the reticulin fiber 
(WHO classification). Synaptophysin is consistently positive 
in pituitary adenomas with a lower percentage immunostain-
ing positive for chromogranin A and low molecular weight 
keratins. Immunoreactivity for GH, PRL, β-TSH, β-FSH, 
β-LH, ACTH, and alpha subunit of the glycoproteins (α-SU) 
aids in pituitary adenoma classification [11].

Pituitary adenomas are now classified by looking at func-
tional characteristics including histology, immunohisto-
chemistry, and ultrastructural features as well as looking at 
biochemical hormone production, imaging, and surgical fea-
tures [12]. Functioning pituitary adenomas include GH, 
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PRL, thyroid-stimulating hormone (TSH), ACTH, and 
gonadotropin-producing adenomas; however, most gonado-
tropin-producing adenomas are classified as nonfunctioning 
pituitary adenomas. Pituitary adenomas do not always 
secrete just one hormone; mixed adenomas can occur as 
well. Plurihormonal adenomas have immunoreactivities for 
more than one pituitary hormone, and their cytophysiology 
and developmental mechanisms do not explain their immu-
noreactivities making them unusual. These do not include 
common combinations of mixed secreting adenomas like 
GH, PRL, and TSH or FHS and LH. Nonfunctioning pitu-
itary adenomas are largely composed of gonadotropin ade-
nomas but also include null cell adenomas where no hormone 
immunoreactivity and no other immunohistochemical or 
ultrastructural markers of specific adenohypophysial cell dif-
ferentiation are detected [11].

Pituitary adenomas are often characterized by size with 
microadenomas being <1  cm and macroadenomas ≥1  cm. 
One of the most common classification systems initially 
established by Hardy and later updated by Wilson grades 
pituitary adenomas on extension and invasion into the sella 
and sphenoid sinus [13]. Grade 0 has no abnormality of the 
sphenoid bone, grade I is a normal or focally expanded sella 
with tumor ≤1 cm, grade II is an enlarged sella with tumor 
>1 cm, grade III is a localized perforation of the sellar floor, 
grade IV is a diffuse destruction of the sellar floor, and grade 
V is spread into the CSF or blood. The extension into the 
suprasellar region is type A, extension to the anterior recesses 
of the third ventricle is type B, extension into the whole ante-
rior third ventricle is type C, extension into the intracranial 
extradural is type D, and extracranial extradural extension is 
type E [13]. Parasellar extension is also often assessed using 

a radiographic grading system that looks at the extension of 
the adenoma into the cavernous sinus in association with the 
internal carotid artery. These grading systems can assist in 
surgical planning and determination of the feasibility of 
resection [14]. The initial grading system proposed in 1993 
has more recently been updated to further subdivide the 
grading system by surgical validation with an endoscopic 
transnasal transsphenoidal approach [15].

Histologically, pituitary adenomas have been considered 
benign tumors; however, there is an increased risk of mortal-
ity with pituitary adenomas due to mass effect on vascular 
structures and hormonal imbalances. In nonfunctioning ade-
nomas an increase in mortality has been estimated to be as 
high as 1.7 (95% confidence interval (CI) 1.34–2.15) com-
pared to the endemic rate, mainly due to hypopituitarism 
[16]. With secreting pituitary adenomas, if left undiagnosed, 
there is a significant reduction in life expectancy. Growth 
hormone-secreting tumors can cause acromegaly. A two- to 
threefold increased risk of mortality has been demonstrated 
in patients with acromegaly compared with age- and sex-
matched controls [17]. An oversecretion of ACTH can lead 
to hypercortisolism causing Cushing’s disease. If left 
untreated, Cushing’s disease has a median survival of around 
5 years [16].

�Overall Treatment Strategy

The management of pituitary adenomas often involves a mul-
timodality approach. An endocrinologist, neurosurgeon, oto-
rhinolaryngologist, radiation oncologist, neuroradiologist, 
neuro-ophthalmologist, and neuropathologist should be 

a b c

Fig. 2.1  A fine slice T1 MRI with fat suppression showing the pituitary 
adenoma within the right sella that extended into the right sphenoid 
sinuses and posterior clinoid process and displaced the pituitary stalk 

and pituitary tissue to the left. Views are obtained in the axial (a), coro-
nal (b), and sagittal (c) plane prior to radiation therapy

2  Pituitary Adenoma



22

involved in each case. In general, the overall goals of treat-
ment are to preserve or restore normal hormonal function and 
remove or control any mass effect from the tumor that may be 
causing neurological or hormonal symptoms. Management 
can range from observation to a multimodality approach with 
surgery, radiation therapy, and medical management. Specific 
treatment recommendations are largely based on the type of 
pituitary adenoma and extent of disease.

Nonfunctioning “incidentalomas” should undergo a com-
plete workup that includes laboratory evaluation for hor-
monal hypersecretion or hypopituitarism, appropriate 
pituitary imaging, and a visual field examination if it is near 
or abutting the optic chiasm. If there are no signs of visual 
field deficits, other neurological sequelae, or hormonal 
imbalances, observation is the recommended management 
strategy. Those that are less than 1  cm are often managed 
with close observation. Repeat MRI scans and possible 
visual field and hormonal evaluation can be performed annu-
ally. Many slow-growing tumors may never need further 
treatment.

The advent of transsphenoidal surgery has provided a less 
invasive first-line surgical option for many pituitary adeno-
mas that are not appropriate for observation. A transsphenoi-
dal resection can be completed either endoscopically or 
microscopically through a transnasal, sublabial, transeth-
moidal, or transantral approach [18]. In cases where there is 
intracranial extension or a transsphenoidal surgery is not 
applicable, then a transcranial approach may be used.

In nonfunctioning pituitary adenomas, tumor recurrence/
progression has been estimated to be between 10% and 20% 
after a gross total resection (GTR) and 50% and 60% after a 
subtotal resection (STR) [19]. With functional pituitary ade-
nomas in the hands of experienced neurosurgeons, 
GH-secreting adenomas have been found to have normaliza-
tion of IGF-1 levels in 80–90% of microadenomas and 50% 
of macroadenomas [20]. In Cushing’s disease, surgery has 
been associated with a 69–98% remission rate but a 3–17% 
relapse rate. Many studies reporting surgical remission rates 
of TSH-secreting pituitary adenomas have been poor; how-
ever, more recently remission rates with surgical resection 
have been reported to be as high as 100% for microadenomas 
and 81% for macroadenomas [21]. Surgery can be a second-
line treatment for prolactinomas in those that do not tolerate 
medical therapy, are unresponsive, and develop visual defi-
cits or for women desiring pregnancy. Surgical resection of 
prolactinomas has been reported to have curative rates in 
74% of microadenomas and 33.9% of macroadenomas [22]. 
General surgical complications may include bleeding, infec-
tion, and thrombosis. Other complications may include CSF 
leak; damage to surrounding structures including the internal 
carotid artery, chiasm, and optic nerve; and abnormal secre-
tion of one or more pituitary hormones resulting in symp-
toms such as diabetes insipidus from decreased antidiuretic 
hormone (ADH) production and death.

Medical management is the first-line treatment for prolac-
tinomas and often used as adjuvant treatment after surgical 
resection and radiation therapy for secreting pituitary adeno-
mas if hormonal levels do not normalize. Dopamine is a neu-
roendocrine inhibitor for secretion of prolactin in the 
pituitary. A dopamine agonist like bromocriptine or cabergo-
line has been shown to rapidly normalize prolactin levels and 
reduce tumor size in 80–90% of patients with prolactinomas 
[23]. Octreotide and lanreotide are somatostatin analogs that 
can be used in GH-secreting tumors to lower elevated GH 
levels before surgery, normalize levels in the latency period 
after radiation therapy, or treat patients that are not candi-
dates for surgery and/or radiation therapy due to medical 
comorbidities. Insulin-like growth factor type 1 levels have 
been shown to decrease in 50–79% of patients and lead to 
tumor shrinkage in 40–73% patients receiving somatostatin 
analogs [22]. Growth hormone receptor antagonists like 
pegvisomant and dopamine analogs, as mentioned above, 
can also be used to treat acromegaly and aid in normalizing 
IGF-1 levels. Dopamine agonist and somatostatin analogs 
have also been found to normalize TSH levels in 79% of 
patients with TSH hypersecretion [24]. Medical manage-
ment of ACTH-secreting adenomas is only provided in those 
that do not have remission after surgical resection and radia-
tion therapy. Medications that inhibit steroidogenesis such as 
ketoconazole, aminoglutethimide, metyrapone, mitotane, 
and etomidate can but used for the treatment of persistent 
ACTH-secreting adenomas [25].

Hypopituitarism resulting from surgical treatment, radia-
tion therapy, or tumor is best managed by an endocrinologist. 
Treatment may include glucocorticoid replacement with 
hydrocortisone, thyroid replacement with l-thyroxine, GH 
replacement in those found to be deficient, and testosterone 
and estrogen replacement if needed [26].

Although the first-line treatment of pituitary adenomas is 
typically surgery or medical management, radiation therapy, 
both fractionated radiation and SRS, can be used in the man-
agement of pituitary adenomas. The next sections will dis-
cuss in detail the indications, treatment, complications, and 
outcomes for the treatment of pituitary adenomas with radia-
tion therapy.

�Indications for Radiotherapy

After maximal safe resection, indications for radiation ther-
apy include subtotal surgical resection, recurrent or progres-
sive tumors, hormone refractory disease, and atypical or 
carcinoma histologies. Hormone normalization and control 
of tumor growth are the main goals of radiation therapy for 
functioning adenomas, whereas in nonfunctioning adenomas 
the primary goal is tumor control. Due to high recurrence 
rates after a subtotal resection, postoperative radiation ther-
apy is often recommended. However, the timing of postop-
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erative radiation therapy is controversial with some 
advocating for treatment immediately after the surgery 
(within 6 months) and others favoring delayed radiotherapy 
(>6 month or at time of progression). Studies have shown 
mixed results on control rates and long-term toxicity [19, 27, 
28]. Fractionated radiation therapy or SRS after a subtotal 
resection or debulking surgery can provide excellent local 
control rates. For atypical pituitary adenomas, there is little 
data on whether radiation therapy should be administered 
immediately after surgery or at the first signs of progression. 
In cases of atypical pituitary adenomas, it is best to assess all 
clinical data available and weigh the risks of toxicities asso-
ciated with radiation therapy to the risks associated if the 
tumor progresses. A lower threshold for radiation therapy 
treatment should be applied for atypical pituitary adenomas 
compared to classic pituitary adenomas.

�Treatment Field Design/Target Delineation

Advances in radiation therapy techniques have greatly 
improved the therapeutic ratio for treatment of pituitary ade-
nomas. Historically, these were treated with opposed laterals 
or a 3-field technique that delivered large doses of radiation 

to the temporal and frontal lobes. Advances in radiation 
delivery systems and the development of stereotactic local-
ization have greatly improved treatment of skull-based 
tumors. Creating an optimal target volume requires adequate 
visualization of the pituitary adenoma. This is best obtained 
with a T1 MRI sequence through the skull base with 1 mm 
slice thickness. A pre- and post-contrast T1 MRI as well as 
fat suppression can be helpful in distinguishing post-op 
changes from residual blood products and fat-packing from 
the residual tumor. Since the pituitary is located in the sella 
adjacent to the optic nerves and chiasm, stereotactic localiza-
tion and image guidance are recommended to allow for pre-
cise treatment to the tumor.

When stereotactic localization is used, treatment margins 
around the tumor can be reduced. A thin slice T1 post-con-
trast MRI should be fused with the simulation CT scan and 
used to define the lesion to create the gross tumor volume 
(GTV) (Fig. 2.2). The CT simulation scan should have slices 
<3 mm. As pituitary adenomas are typically not infiltrative or 
invasive, no clinical target volume is needed; however, one 
may add a small 1–5  mm margin to encompass potential 
areas of microscopic spread in the cavernous sinus or other 
areas of concern. The stereotactic headframe originally 
developed for the Gamma Knife has long been known to 

a b

c

Fig. 2.2  Axial (a), coronal (b), and sagittal (c) views of the pituitary adenoma contoured to create the GTV followed by a 3 mm expansion to 
create the PTV. GTV, red; PTV, cyan; eyes, purple
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have submillimeter accuracy [29]. A stereotactic frameless 
mask along with an image-guided system has been previ-
ously reported to obtain geometric accuracy of <0.5  mm 
[30]. Although up to a 2.8  mm displacement has been 
reported for fusions using soft tissue, the rigidity of the skull 
base allows for negligible deviations in position [31]. Due to 
the precision of setup, no planning treatment volume (PTV) 
is necessary for SRS.  However, some centers may add a 
1–3 mm expansion from GTV to PTV.

Due to the proximity of the pituitary to many critical 
structures, it is important to accurately contour organs at 
risk (OARs). In this region, OARs should include the optic 
nerves and chiasm, brainstem, pituitary stalk, and pitu-
itary. Other OARs that could be contoured include the ret-
ina, lens, hypothalamus, cranial nerves (CN) within the 
cavernous sinus (CN III, IV, V1, V2, VI), retina, and 
hippocampus.

�Radiation Dose Prescription and Organ  
at Risk Tolerances

For fractionated SRS, doses range from 45 to 50.4 Gy for 
nonfunctioning adenomas and 50.4 to 54 Gy for functioning 
adenomas delivered in 1.8 Gy daily fractions (Fig. 2.3). With 
SRS a dose of 15 Gy is commonly used for nonfunctioning 
adenomas and 20 Gy for functioning adenomas [32]. Higher 
doses of radiation therapy are required in secreting pituitary 
adenomas to obtain hormone normalization. A hypofraction-
ated SRS course of 25 Gy in 5 fractions or 21 Gy in 3 frac-
tions delivered over 5 and 3  days, respectively, is also an 
acceptable option for pituitary adenomas not meeting dose 
constraints for single-fraction treatment [33, 34].

Different treatment delivery systems may be used for SRS 
including Gamma Knife, LINAC-based, and CyberKnife™. 
Gamma Knife is a frame-based system that utilizes 192 radio-

a

c

b

Fig. 2.3  Axial (a), coronal (b), and sagittal (c) views of a treatment 
plan with a dose of 50.4  Gy in 28 fractions prescribed to the 100% 
isodose line using an 11-field IMRT technique. Ninety-five percent of 
the dose is covering 99.4% of the PTV, and 95% of the PTV is covered 
by 99.2% of the dose (D95, 99.4%; V95, 99.2%). The GTV is covered 

by 97.7% of the dose, and 99.1% of the GTV is getting full dose (D100, 
97.7%; V100, 99.1%). The isodose lines are as follows: 100% isodose 
line, orange; 95% isodose line line, light orange; 80% isodose line, lime 
green; 30% isodose line, purpur. The 100% coverage is represented by 
the pink fill
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active cobalt-60 sources arranged in a conical shape to create 
multiple focal beam shots focused at the target. The dose is 
usually prescribed at the 50% isodose line to maximize the 
dose within the each pinpoint target and minimize dose at the 
target edge. A fixed frame or frameless mask can be used in a 
LINAC-based SRS system, and treatment is often delivered 
using multiple dynamic conformal arcs or intensity-modu-
lated radiation therapy to focus the dose in the center of the 
target. CyberKnife™ is a robotic arm with a mobile linear 
accelerator that has a robotic image-guided system that allows 
for a frameless mask to be used with SRS.  Each delivery 
method has its benefits and drawbacks with LINAC-based 
SRS being more homogeneous for large tumors and Gamma 
Knife providing better conformality with irregular lesions; 
yet, no one technique has been proven to be superior.

�Complication Avoidance

In planning radiation therapy for pituitary adenomas, it is important 
to minimize dose to critical structures. Decreasing dose to the nor-
mal pituitary gland can avoid radiation-associated neuroendocrine 
deficits. Limiting the pituitary to a mean dose of ≤15 Gy has been 
found to decrease hypopituitarism when treating with SRS. It has 
also been suggested to decrease the infundibulum dose to a mean of 
≤17 Gy [35]. It is also important to limit the dose to the optic appa-
ratus. Classically, SRS has been not recommended for tumors 
within 3 mm of the optic apparatus as it is difficult to obtain enough 
dose to the tumor and meet the limitations of the optic apparatus. 
When dose constraints for perioptic tumors cannot be met, a frac-
tionated or hypofractionated SRS course is recommended.

In general, for fractionated radiation therapy, OAR dose 
tolerances should include a maximum dose of 55 Gy to the 
optic nerve and chiasm, 54 Gy to the brainstem, 45 Gy to the 
retina, 7–8 Gy to the lenses, 50 Gy to the hypothalamus, a 
maximum of 50  Gy to the entire pituitary, and a mean of 
≤45 Gy to the cochlea [36–38]. Tolerance doses of CN III, 
IV, V, VI, and VII are largely unknown but the recommended 
dose is ≤60 Gy. For SRS, the optic nerve should be limited 
to a maximum point dose of 10 Gy, the brainstem to a dose 
of 16 Gy, and the pituitary and distal infundibulum to a mean 
of ≤15 Gy, the cochlea to a mean dose of ≤3.7 Gy, CN VII 
≤12.5–15 Gy, and CN V ≤12.5–13 Gy [35, 39]. Tolerance 
doses to CN III, IV, and VI are unknown but it is recom-
mended these be kept as low as possible.

�Radiation Toxicity: Acute and Late Effects

Fractionated radiation therapy and SRS are important treat-
ment options for patients with pituitary adenomas; however, 
they are not without potential acute and long-term side effects. 
During fractionated radiation therapy, patients may experience 

temporary alopecia, skin erythema, fatigue, and headaches. It is 
uncommon to have more severe side effects like vision loss or 
other cranial nerve deficits. With frame-based SRS, acute side 
effects may include numbness, tenderness, and bleeding at the 
frame pin sites. Otherwise, there are minimal side effects asso-
ciated with SRS, aside from a possible headache and fatigue.

Long-term toxicities include hypopituitarism, optic neu-
ropathy and other cranial neuropathies of the cavernous 
sinus, radiation necrosis, neurocognitive effects, vascular 
complications, and secondary malignancies. Hypopituitarism 
is the most common long-term toxicity and estimated to 
occur in approximately half of patients undergoing radiation 
therapy [36]. Hypopituitarism prior to radiation therapy has 
not been found to be predictive for new or worsening endo-
crine deficits. The most common hormonal deficiencies after 
radiation therapy are thyroid and cortisol which can be sup-
plemented with levothyroxine and hydrocortisone [40]. 
Whether the hypopituitarism is caused by damage to the 
pituitary, hypothalamus, or both is unknown [41]. As men-
tioned above minimizing dose to the normal pituitary gland 
with SRS to a mean of ≤15 Gy and the infundibulum to a 
mean of ≤17 Gy reduces rates of neuroendocrine deficits.

Another potential long-term toxicity with radiation ther-
apy is optic neuropathy. Keeping the optic apparatus below a 
dose of 8 Gy has been regarded as extremely safe [42]; how-
ever, studies suggest point doses up to 10 Gy results in <2% 
risk of optic neuropathy [43]. Leber et al. reported no radia-
tion-induced optic neuropathy in patients receiving SRS with 
a max point dose of <10 Gy and a 26.7% optic neuropathy 
rate for a point dose of 12–15 Gy [44]. Fractionated external 
beam radiation carries a very low risk of damage to the optic 
pathway with an estimated incidence of 0.8% at 10  years 
[45]. With a hypofractionated course of 5 Gy × 5 fractions, a 
median maximum chiasm dose of 23.3  Gy (range 18.3–
25.1 Gy) was reported with no visual deficits [34]. Excellent 
results have also been reported for a course of 7 Gy × 3 frac-
tions keeping the mean optic nerve dose to 16.7 Gy and the 
chiasm to 14.6 Gy [33].

Long-term cranial neuropathies of the cavernous sinus 
nerves are not common [35]. Newer series assessing SRS for 
pituitary adenomas have reported new cranial nerve deficits 
to be below 2% [46]. A dose association has not been found 
for cranial neuropathies in SRS [42]. Cranial neuropathies 
with fractionated radiation therapy rarely occur.

Other rare long-term toxicities with radiation therapy include 
radiation necrosis, vascular complications, and secondary 
malignancies. Radiation necrosis occurred in 13 of 1567 patients 
on a meta-analysis of SRS for pituitary adenomas, approxi-
mately a 0.8% risk [47]. A fourfold increase in stroke and cere-
brovascular accidents has been reported in patients receiving 
treatment for pituitary adenomas compared to the endemic rate; 
however, the relative contribution of radiation therapy is debat-
able [48]. A report from the Netherlands comparing pituitary 
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adenomas treated with radiation therapy and those not irradiated 
did not show a difference in the incidence of stroke [45, 49]. 
Meta-analysis data showed a 0.25% rate of cerebrovascular 
accidents, of which, only 2 of 1567 patients were symptomatic 
[47]. Lastly, radiation-induced malignancies are always a con-
cern with radiation, although the risk is low with fractionated 
radiation therapy and negligible with SRS.  A review of 426 
patients with pituitary adenomas treated at the Royal Marsden 
Hospital with surgery followed by fractionated radiotherapy 
found a cumulative risk of secondary brain tumors at 10 years to 
be 2% and 2.4% at 20 years [50]. The risk of secondary neo-
plasms at 15 years with SRS has been reported to be around 
0.04% [44]. Overall, the risks of long-term side effects can be 
minimal if appropriate dose constraints are enforced and there 
appears to be no significant difference in long-term toxicities 
between SRS and fractionated radiation therapy.

�Outcomes: Tumor Control and Survival

Excellent tumor control rates have been reported for both SRS 
and fractionated radiation therapy. Fractionated courses of 
radiation therapy for nonfunctioning and secreting pituitary 

adenomas have reported rates of tumor control >90% at 5-year 
follow-up (Table  2.1). A large study of 252 nonfunctioning 
pituitary adenomas treated with a 3-field conventional plan to 
doses of 45–50 Gy had 10-year local control rates of 97% and 
20-year local control rates of 92% [60]. More recently a large 
study by Chang et al. found a local control rate of 91% at a 
median follow-up of 8.4 years in 340 patients with resected 
nonfunctioning pituitary adenomas [61]. Studies using frac-
tionated SRS have also shown local control rates to be >90% 
at 10 years. Even in large invasive nonfunctioning pituitary 
adenomas, postoperative fractionated stereotactic radiother-
apy (FSRT) has proven to be effective with local control rates 
of 97% and 91% at 5 and 10 years, respectively [51].

In secreting pituitary adenomas, control is measured both 
by tumor growth and secreting hormone normalization. 
Unfortunately, biochemical control rates are difficult to 
assess across studies as the interpretation of hormone nor-
malization and biochemical remission values vary among 
studies. Biochemical normalization of GH-secreting tumors 
with conventional or stereotactic fractionated radiation ther-
apy may take up to 5–10 years. In a study of 884 patients 
treated with conventional radiation therapy to a median dose 
of 45 Gy, normalization of GH levels below 2.5 ng/mL was 

Table 2.1  Selected fractionated stereotactic radiosurgery and hypofractionated radiosurgery studies published since 2010 onward

Study # of pts
Type of 
RT

Tumor 
volume 
(mean, cm3)

Fun/
nonfun

Dose/fx 
(mean)

f/u 
(median)

LC 
(5 years)

Hormone 
control

Visual 
tox Hypopitu

Minniti [51] 68 FSRT 22.6 
(11.1–52.2)

NF 45 Gy/25fx 75 97% – 0% 26.4%

Diallo [52] 34 FSRT 24.5 GH 50 Gy /27fx 152 97% 38.2% 39%
Puataweepong 
[53]

71 (NF)
11 (GH)
9 (PRL)
3 (ACTH)

FSRT 10 
(0.8–45.5)

NF, GH, 
PRL, 
ACTH

45 Gy/25 62 95% at 
6 years

–
26% (GH)
4.3% (PRL)
34.6% ACTH

3% 9.6%

Kopp [54] 29 (NF)
8 (F)

FSRT 22.8 
(2.0–78.3)

NF, F 49.4 Gy/28 57 91.9% – 5% 5%

Kim [55] 54 (NF)
22 (F)

FSRT 10.5` 
(1.5–37.8)

NF, F 50.4 Gy/28fx 80 97% at 
7 years

63.6% 0% 48%

Wilson [56] 53 (CRT)
67 
(FSRT)

CRT
FSRT

6.8 
(0.2–115.6)

NF 50.4 Gy/28fx 53
61

86.9% 
(CRT)
92.8% 
(FSRT)

– 11% 
(CRT)
1.5% 
(FSRT)

7% CRT)
32% 
(FSRT)

Sun [57] 13 (NF)
10 (F)

FSRT 2 cm 
(0.5–3.5)

NF, GH, 
ACTH, 
PRL

50.4 Gy/28fx 39 96% 
(NF)~
100% 
(F)~

62.5% (F) 15% 
(NF)
0% (F)

0% (NF)
10% (F)

Schalin-Jantti 
[58]

20 (NF)
10 (F)

FSRT 8.48` 
(0.06–65)

NF, F 45 Gy/25fx 63 100% All had ↓ in 
abnormal 
hormones

0% 40%

Liao [33] 21 (NF)
13 (F)

hSRS—
3fx

5.06 
(0.82–
12.69)

NF, F 21 Gy/3fx 37 100%~ –
14%

0% –

Iwata [59] 83 (3fx)
17 (5fx)

hSRS—
3fx
hSRS—
5fx

5.01` 
(0.7–64.3)

NF 21 Gy/3fx
25 Gy/5fx

33 98%° 
(3fx)
96%° 
(5fx)

– 0.1% 
(3fx)
0% (5fx)

3.6% 
(3fx)
0% (5fx)

`is the median  
%° is 3 year local control
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22%, 63%, 74%, and 77% at 2-, 10-, 15-, and 20-year fol-
low-up, respectively, with IGH-1 dose levels paralleling the 
GH levels [62]. Another study treating GH-secreting pitu-
itary adenomas with FSRT to a median total dose of 52 Gy 
found biochemical normalization in 84% of the 25 patients at 
a median follow-up of 26  months [63]. More recently, a 
report of 34 patients treated with 50 Gy using FSRT found a 
97% normalization rate of IGH-1 at a median follow-up of 
12 years. All tumors were locally controlled as well [52].

For ACTH-secreting pituitary adenomas, normalization of 
cortisol levels usually occurs in the first 2 years. A study reported 
in the NEJM found a mean radiation dose of 50  Gy (range, 
48–54 Gy) to yield biochemical control in 83% of patients at a 
median follow-up of 42 months [64]. Minniti et al. reported an 
overall remission rate in cortisol hypersecretion of 80% at 
median follow-up of 9 years with doses between 45 and 50 Gy. 
Local tumor control rate was 93% at 10 years. This study also 
found that biochemical normalization improved with time as 
28%, 73%, 78%, and 84% of patients had normalization of cor-
tisol secretion at 1, 3, 5, and 10 years, respectively [65].

Prolactinomas are less commonly treated with radiation 
therapy as it is a third-line treatment and only used in those 
resistant to medical management and surgery. Definitive 
radiation therapy for prolactinomas has been well studied but 
has historically yielded poor biochemical response in com-
parison to medical management and surgery [22]. However, 
more recent studies showed 100% prolactin normalization 
after FSRT with doses between 45 and 54 Gy [57, 58].

Due to the rarity of TSH-secreting tumors, local control and 
biochemical control rates after radiation therapy have not been 
well reported. In a large study of 25 TSH-secreting tumors, 12 
received radiation therapy, 2 were treated definitively with radia-
tion therapy. The patients receiving both surgery and radiation 
therapy with or without medical management had a 57% bio-
chemical remission rate [66]. In another study, 8 of 43 TSH-
secreting adenomas had radiation therapy due to uncontrollable 
tumor after surgery. The dose ranged between 42 and 45 Gy. With 
a median follow-up of 6.8 years, there were five that had bio-
chemical control at a mean time of 3 years from treatment [67].

Traditionally, pituitary adenomas were treated with con-
ventional radiation therapy. However, more recently conven-
tional radiation therapy has been reserved for cases not 
amenable to SRS, typically due to the proximity to the optic 
nerve or large size of the adenoma. The efficacy and safety of 
SRS appear to be similar to FSRT [68]. Stereotactic radiosur-
gery in nonfunctioning pituitary adenomas has reported local 
control rates between 87 and 100% at 5 years assessed by 
tumor growth (Table 2.2) [74].

Pooling together 15 studies using SRS for 684 patients, the 
actuarial tumor control rate was 94% at 5  years [75]. In 
GH-secreting pituitary adenomas, a tumor control rate of 
95–100% has been reported in 13 studies using SRS with a 
median follow-up of 5 years or more [59]. Biochemical remis-
sion rates with SRS for GH-secreting pituitary adenomas have 
been reported in 29 studies for a compiled total of 1215 
patients to be 44% (range 15–60%) and 74% (range 46–86%) 
at 5 and 10 years, respectively [75]. Normalization of IGF-1 
levels and biochemical response ranged from 1 to 5.6 years.

In ACTH-secreting pituitary adenomas in studies with a 
median follow-up of ≥5 years, a tumor control rate with SRS 
has been reported to be >95% [74]. At a median follow-up of 
45 months in 12 studies, 48% of patients with Cushing’s dis-
ease had biochemical response with a range from 3 months 
to 3 years for time to response [75].

When radiation is needed for prolactinomas, SRS is a 
well-utilized option. In studies with a median follow-up of 
greater than 5 years, the tumor control rate for prolactinomas 
with SRS was 97–100% but had a biochemical remission rate 
of 18–46.6% [74]. A pooled analysis of 11 studies utilizing 
SRS in prolactinomas resistant to medical management and 
surgery found normalization of PRL levels in 35% of the 338 
and patients and the response rate to range between 12 and 
66 months [74]. The tumor control rate in this pooled analysis 
was 99% at a weighted average follow-up of 42 months.

Although hypofractionated courses of SRS have been less 
studied, local tumor control and biochemical remission 
appear to be similar to SRS with one fraction [33, 34, 59]. It 
should be noted that medical therapy for secreting adenomas 

Table 2.2  Select stereotactic radiosurgery studies published since 2010 onward with large patient population (>90 patients)

Study
# of 
pts

Type of 
RT

Tumor 
volume

Fun/
nonfun

Dose/fx 
(mean) f/u

LC (5 years) 
(%)

Hormone 
control

Visual 
tox

Hypopitu 
(%)

Sheehan 
[69]

512 GK 4.6 ± 4.9 NF 16` 36 95 – 6.6% 21

Starke [70] 140 GK 5.6 (0.6–35) NF 18 50 97 – 12.8% 30.3
Park [71] 125 GK 3.5` 

(0.4–28.1)
NF 13 62 94 – 0.8% 24

Franzin [72] 103 GK 1.8 (0.1–7.2) GH 22.5 71 97.3 58.5% @5y 0 14
Sheehan 
[73]

130 GK 1.9 (0.1–27) GH 24 31 93 53% 2.4% 24.4

Sheehan 
[40]

96 GK 1.8 
(0.2–12.4)

ACTH 16 48 98 70% 5.2% 36

`median
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should be stopped approximately 2 months before radiation 
therapy as the medications may alter the cell cycle making 
the tumor less radiosensitive.

�Follow-up

Six to 12 months after the completion of radiation therapy, a 
baseline MRI of the pituitary and history and physical exam-
ination is recommended. Due to the slow-growing nature of 
most pituitary adenomas, subsequent follow-up imaging is 
usually on an annual basis. Atypical or carcinoma histology 
may require more frequent imaging, although the optimal 
schedule is not known. An MRI with and without contrast 
and fine slices through the pituitary in all three plans (axial, 
coronal, and sagittal) is important for assessing tumor recur-
rence. A history and physical examination should be obtained 
annually with special attention to visual deficits, cranial 
nerves that course through the cavernous sinus, panhypopitu-
itarism, and any signs of long-term toxicity from radiation 
therapy. Follow-up management of treated pituitary adeno-
mas often includes other providers including an endocrinolo-
gist, a neuro-ophthalmology, and a skull base/neurosurgeon. 
For secreting pituitary adenomas, careful attention to nor-
malization of the secreting hormone as well as hypopituita-
rism of the other pituitary hormones is important. In 
nonfunctioning adenomas, lab work should be obtained at 
any concerning finding for hypopituitarism as this is the 
most common long-term side effect after radiation therapy 
[73].

�Cases

�Case 1

A 72-year-old male presented with visual symptoms, and 
an MRI was completed revealing a 3 cm pituitary adenoma 
that extended superiorly out of the diaphragmatic sella and 
compressed the optic chiasm as well as invaded the right 
cavernous sinus. He was seen by an endocrinologist for fur-
ther workup of his new diagnosis of a pituitary adenoma. 
Labs were obtained revealing a slightly elevated prolactin 
level due to compression of the infundibulum. He under-
went a transnasal transsphenoidal resection of the pituitary 
macroadenoma. The pituitary adenoma was markedly deb-
ulked, but residual disease remained due to extension into 
the right cavernous sinus. Pathology revealed a hypercel-

lular, monotonous neoplasm composed of sheets of cells 
with eosinophilic cytoplasm and oval nuclei with stippled 
chromatin. There was moderate pleomorphism to the cells 
consistent with a pituitary adenoma. There were no mitoses 
or evidence of necrosis. A postoperative brain MRI revealed 
a debulking of the pituitary adenoma with fat-packing in 
the nasal cavity and sphenoid sinus. There was residual 
pituitary adenoma in the right cavernous sinus encasing the 
right carotid artery measuring 15  ×  26  ×  15  mm 
(CC  ×  AP  ×  transverse) in the right cavernous sinus. He 
developed panhypopituitarism after his surgery and was 
followed by his endocrinologist. Two years after his sur-
gery, a pituitary protocol MRI revealed interval growth of 
the pituitary adenoma involving the right cavernous sinus 
that now measured 36 × 23 × 22 mm in size (Fig. 2.1). He 
refused any further surgery and therefore was referred to 
the radiation oncology department. Due to the location next 
to the right optic nerve, SRS was not possible. Thus, a ste-
reotactic fractionated course of radiation therapy with 
50.4 Gy in 28 fractions was recommended. He had a stereo-
tactic fine slice T1 MRI through the pituitary with gado-
linium as well as a stereotactic T1 fat suppression through 
the pituitary region. A CT simulation with a Brainlab mask 
was completed. The residual tumor was outlined on the T1 
fat suppression MRI scan which allowed for better assess-
ment of the disease extent near the orbit and the fat-pack-
ing. The GTV was then expanded 3 mm in all directions to 
create a PTV (Fig. 2.2). A plan was made using an 11-field 
intensity-modulated radiation therapy (IMRT) technique 
(Fig.  2.3). The dose-volume histogram illustrates all the 
normal structures are well below acceptable tolerance 
doses and the GTV is covered by 97.7% of the dose and 
99.1% of the GTV is getting full dose (Fig. 2.4). The patient 
tolerated the treatment well without difficulty. He is now 
3 years out from radiation therapy and has no evidence of 
disease progression or worsening visual symptoms 
(Fig. 2.5).

�Case 2

A 21-year-old male presented to his ophthalmologist and 
was found to have bitemporal hemianopsia. An MRI scan 
was completed which showed a large enhancing mass 
expanding out of the sella turcica and into the suprasellar 
cistern causing compression of the optic chiasm. This was 
consistent with a pituitary tumor (Fig. 2.6). He was seen 
by an endocrinologist and on further workup was found to 
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Fig. 2.4  Dose-volume 
histogram showing the 
brainstem, chiasm, and optic 
nerves all well below 
tolerance levels. This was 
easily achievable due to the 
prescribed dose being only 
50.4 Gy. GTV, red; PTV, 
cyan; eyes, purple; left optic 
nerve, pink; right optic nerve, 
green

a b c

Fig. 2.5  Axial (a), coronal (b), and sagittal (c) views showing an unchanged pituitary adenoma in the right posterior aspect of the sella that 
extends into the right cavernous sinus and encases the internal carotid artery
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have a GH level of 24 ng/mL and an insulin-like growth 
factor of 1100. He was taken to the operating room for a 
transnasal transsphenoidal surgical resection. Pathology 
revealed a pituitary adenoma with no mitoses. A postop-
erative MRI showed some residual enhancement within 
the sella representing either residual tumor or postopera-
tive changes, and his GH and IGF-1 normalized. 
Unfortunately, over the course of the next year, he had a 
rise in his GH and IGF-1, and an MRI showed enlargement 
of an enhancing mass predominantly on the right side of 
the sella. He was taken back for a redo transsphenoidal 
resection where pituitary adenoma was resected from the 
right side of the pituitary gland. Unfortunately, there was 
adherent tissue along the right lateral aspect of the sella 
turcica that could not be fully resected. A postoperative 
MRI revealed residual disease along the right lateral sella 
turcica (Fig. 2.7). He was then started on Sandostatin by 

his endocrinologist. He was followed with stable MRIs 
and his GH and IGF-1 levels normalized to 0.7 ng/mL and 
217  ng/mL, respectively. Unfortunately, 3  years later he 
was unable to continue Sandostatin. His case was dis-
cussed at a multidisciplinary tumor board and it was rec-
ommended he undergo SRS. He underwent SRS planning 
with the GTV encompassing the residual pituitary ade-
noma on the right lateral sella turcica and no PTV expan-
sions (Fig.  2.8). An 8-field IMRT plan was constructed, 
prescribing 20 Gy to the GTV (Fig. 2.9). The optic nerves 
and chiasm were kept well below 8 Gy and the brainstem 
was limited to 12 Gy. The dose-volume histogram shows 
that the GTV is covered by 100% of the dose (Fig. 2.10). 
Prior to SRS, he had been off Sandostatin for over a year 
and his IGF-1 level rose to 383. He tolerated his SRS treat-
ment well and was seen back in follow-up 6 months later. 
A brain MRI showed no evidence of progression (Fig. 2.11) 

a b c

Fig. 2.6  Axial (a), coronal (b), and sagittal (c) views of the pituitary adenoma extending into the suprasellar cistern, displacing the pituitary stalk 
and compressing the optic chiasm

a b c

Fig. 2.7  Axial (a), coronal (b), and sagittal (c) views of the residual pituitary adenoma on the right lateral aspect of the sella turcica after surgical 
resection
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a

c

b

Fig. 2.8  Axial (a), coronal (b), and sagittal (c) views of the residual pituitary adenoma contoured to create the GTV with no PTV. GTV, red; eyes, 
purple; right optic nerve, green; chiasm, yellow

a

c

b

Fig. 2.9  Axial (a), coronal (b), and sagittal (c) views of the treatment plan. 
A dose of 20 Gy in a single fraction was prescribed to the 100% isodose 
line using an 8-field IMRT technique. A three-dimensional conformal arch 
or volumetric modulated radiation therapy (VMRT) technique may also be 

utilized. One hundred percent of the GTV covered 100% of the dose which 
is shown above. The isodose lines are as follows: 100% isodose line, 
orange; 95% isodose line line, light orange; 80% isodose line, lime green; 
30% isodose line, purpur. The 100% coverage is represented by the pink fill
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and his IGF-1 level had dropped to 103. He was then fol-
lowed annually with repeat IGF-1 levels and MRIs. Seven 
years out from treatment, he is doing well with no evi-
dence of any residual disease progression on MRI, an 
IGF-1 level of 19, and no radiation-induced toxicities.

�Summary

•	 Pituitary adenomas are a common benign neoplasm of the 
brain estimated to represent approximately 15–20% of all 
intracranial neoplasms.
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Fig. 2.10  Dose-volume 
histogram showing the 
brainstem, chiasm, and optic 
nerves all well below 
tolerance levels. GTV, red; 
eyes, purple; left optic nerve, 
pink; right optic nerve, green; 
pituitary, blue

a b c

Fig. 2.11  Axial (a), coronal (b), and sagittal (c) views of the sella showing no evidence of pituitary adenoma
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•	 Clinically nonfunctioning pituitary adenomas account for 
25–30% of pituitary adenomas, while functioning or secret-
ing adenomas oversecrete a hormone normally produced 
by the pituitary gland and comprise the remaining 70–75%.

•	 Patients with pituitary adenomas will commonly present 
with visual symptoms including loss of temporal fields 
due to compression of the optic chiasm, followed by 
headaches and hypopituitarism. Patients with secreting 
pituitary adenomas also present with clinical findings 
related to hypersecretion of hormones.

•	 The management of pituitary adenomas involves a multi-
modality approach with the goals of treatment to preserve 
or restore normal hormonal function and remove or con-
trol any mass effect from the tumor that may be causing 
neurological or hormonal symptoms.

•	 Indications for radiation therapy in the treatment of pitu-
itary adenomas include a subtotal resection, recurrent or 
progressive tumors, hormone refractory disease, and 
atypical or carcinoma histologies.

•	 Radiosurgery can be used to treat pituitary adenomas if 
the optic structures are approximately 3  mm from the 
pituitary adenoma.

•	 Fractionated doses of 45–50.4 Gy and radiosurgery doses of 
15 Gy are used to treat nonfunctioning pituitary adenomas.

•	 Secreting pituitary adenomas require slightly higher 
doses of radiation with fractionated doses of 50.4–54 Gy 
and radiosurgery doses of 20 Gy.

•	 Fractionated courses of radiation therapy for nonfunc-
tioning and secreting pituitary adenomas have reported 
rates of tumor control >90% at 5-year follow-up.

•	 SRS in nonfunctioning pituitary adenomas have reported 
local control rates between 87% and 100% at 5  years 
assessed by tumor growth.

•	 For secreting pituitary adenomas, biochemical control 
rates with fractionated radiation and radiosurgery are 
difficult to assess across studies as the interpretation of 
hormone normalization and biochemical remission values 
vary among studies.

•	 Long-term toxicities with radiation therapy include hypo-
pituitarism, optic neuropathy and other cranial neuropa-
thies of the cavernous sinus, radiation necrosis, 
neurocognitive effects, vascular complications, and sec-
ondary malignancies.

�Self-Assessment Questions

	1.	 Pituitary adenomas are best visualized on which type of 
imaging scan?
	A.	 CT scan with and without contrast
	B.	 T2-weighted brain MRI
	C.	 T1-weighted brain MRI with gadolinium
	D.	 PET/CT scan

	2.	 What is the fractionated radiation therapy dose for a 
secreting pituitary?
	A.	 41.4–45 Gy
	B.	 45–50.4 Gy
	C.	 50.4–54 Gy
	D.	 54–59.4 Gy

	3.	 A nonfunctioning pituitary adenoma recurs along the 
right cavernous sinus and abuts the right optic nerve. The 
best management would be:
	A.	 SRS with 15 Gy
	B.	 SRS with 20 Gy
	C.	 Fractionated radiation with 45 Gy
	D.	 Fractionated radiation with 54 Gy

	4.	 The most common side effect from radiation therapy for 
treatment of a pituitary adenoma is
	A.	 Visual deficit
	B.	 Hypopituitarism
	C.	 Stroke
	D.	 Secondary malignancies

	5.	 After radiation therapy, repeat imaging should occur:
	A.	 Every month
	B.	 Every 3 months
	C.	 Six months after completing radiation, then annually
	D.	 Every 2 years

Answers

	1.	 C
	2.	 C
	3.	 C
	4.	 B
	5.	 C
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