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Abstract

Clinically non functioning pituitary adenomas (NFPAs) include all pituitary adenomas
that are not hormonally active. They are not associated with clinical syndromes such
as amenorrhea-galactorrhea (prolactinomas), acromegaly, Cushing’s disease or
hyperthyroidism (TSH-secreting adenomas) and are therefore usually diagnosed by
signs and symptoms related to a mass effect (headache, visual impairment,
sometimes pituitary apoplexy), but also incidentally. Biochemical work up often
documents several pituitary insufficiencies. In histopathology, the majority of NFPAs
is gonadotroph. In the absence of an established medical therapy, surgery is the
mainstay of treatment, unless contraindicated or in particular situations (e.g. small
incidentalomas, distance from optic pathways). Resection, generally via a trans-
sphenoidal approach (with the help of an endoscope), should be performed by a
neurosurgeon with extensive experience in pituitary surgery, in order to maximize the
chances of complete resection and to minimize complications. If a tumor remnant
persists, watchful waiting is preferred to routine radiotherapy, as long as the tumor
residue does not grow and is at distance to the optic pathways. NFPA can sometimes
recur even after complete resection, but predicting the individual risk of tumor
remnant progression is difficult. Postoperative irradiation is only considered in case of

residual tumor growth or relapse, due to its potential side effects.
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“Clinically non functioning pituitary adenomas” (NFPAs) include all pituitary
adenomas that are not hormonally active and therefore not result in clinical
syndromes such as amenorrhea-galactorrhea (prolactinomas), acromegaly,
Cushing’s disease or hyperthyroidism (TSH-secreting adenomas). However, most
such NFPAs, which are “chromophobic” on classical histology, in fact secrete
gonadotropins or are actually gonadotroph pituitary adenomas. Immunolabeling is
negative in only 10% of cases (“null-cell adenomas”). Occasionally, NFPAs are
positive for GH, PRL, TSH or ACTH despite absent or only minimal secretion of these
hormones in vivo, which are known as silent somatotroph, lactotroph, thyrotroph or

corticotroph adenomas.

PATHOLOGY

The first patient with a NFPA and increased serum levels of gonadotropins has been
reported in 1976, introducing the concept of gonadotroph adenoma (1). Two years
later, Kovacs et al. described the histological and immunocytochemical features of
FSH-secreting adenomas (2), and this was rapidly followed by publications of series
of patients (3, 4). Progressively, with the use of specific monoclonal antibodies
applied to the excised lesion, it has become clear, that in the vast majority of cases,
these NFPAs (which are “chromophobic” with classical staining techniques), in fact,
produce gonadotropins and/or their subunits (3FSH, BLH, aSU) and can thus be
considered gonadotroph. This has been confirmed by gene expression studies (5, 6)

Gonadotroph adenomas show a diffuse or, more often, cord arrangement, with
extensive vascularization. In rare cases they may be hemorrhagic or necrotic. The
cells are well-delineated, oval or polyhedral, generally without signs of secretion

(small nuclei without nucleoli) (4, 7-9). All cells are strongly positive with anti-



chromogranin A antibodies. The percentage of cells positive with anti-gonadotropin
antibodies ranges from 100% to a few islands, but it is usually low (<20-30%). Some
tumors contain cells positive for BFSH, BLH and alpha subunit, while others contain
cells that are only positive for BFSH or, more rarely, BLH or aSU (4, 10, 11). When
less than 5% of the adenomatous cells immunostain positively, the tumor is
considered as « null cell adenoma ». Thanks to improved knowledge of pituitary cell
differentiation and the availability of cytogenetic markers, the use of several
transcription factors including the steroidogenic factor 1 (SF-1), which regulates
gonadotroph lineage, allows to classify adenomas independently of hormone

expression (7, 9, 12-15).

It remains largely unknown why the gonadotropins in gonadotroph adenomas are
seldomly secreted in the bloodstream and, when they are, why they are exceptionally
responsible for clinical syndromes related to gonadotropins excess (16-21) but, much
more likely, are associated with hypogonadism. Chromatofocusing analysis showed
that gonadotroph adenomas produce more basic FSH isoforms (22) which,
paradoxically, are considered as more biologically active (23, 24). However, as
glycosylation of gonadotropins is essential for their biological activity, hypogonadism
might be explained by decreased biological activity of gonadotropins related to

abnormal glycosylation of the isoforms produced by the adenoma.

When hormone markers are negative and no pituitary transcription factors are
expressed, NFPA is defined as null cell adenoma. Furthermore, NFPAs may also be
silent variants of lactotroph, somatotroph or corticotroph adenomas (25). They can be
suspected on histology as their aspect resembles that of their symptomatic clinical

variant responsible for acromegaly or Cushing’s disease. Immunocytochemistry and



the expression of transcription factors allow to make the diagnosis (26). Silent
corticotroph adenoma are also called “silent type 1 or 2 adenoma” (27). Positivity for
Tpit, which determines corticotroph cell differentiation, is helpful for confirming the
corticotroph nature of the adenoma (14). Silent somatotroph or mixed mammo-
somatotroph adenoma (GH-PRL = TSH) are known as “silent subtype 3" (28-
30).IStaining of silent adenomas for the transcription factor Pit-1, which determines

somato-lacto-thyrotroph lineage may help to classify these adenomas (14, 31).

Plurihormonal gonadotroph adenomas are rare, except in multiple endocrine

neoplasia type-1 (MENT1) (32-34).

Markers of proliferation

Three proliferation markers must be used to assess the risk of recurrence or
progression, namely the proliferation index (anti-Ki-67 antibody staining), mitotic
activity, and p53 expression. A mitotic count of more than 2 mitoses per 10 HPFs, a
Ki-67 expression of more than >3% and more than 10 per HPF strongly positive

nuclei for p53 of cells predict tumor recurrence or tumor remnant progression (35-39).

EPIDEMIOLOGY

The prevalence of pituitary adenomas is 80-100 per 100 000 inhabitants, and 15-
30% of these adenomas are “non functioning” (40-42). The annual incidence of
NFPA is between 10 and 20 cases per million inhabitants (40, 43).

NFPAs are generally diagnosed during the 5" or 6" decade and show a male
predominance (16, 43-46). NFPA is associated with increased mortality: recent
studies show a standardized mortality ratio (SMR) ranging from 1.1 (95% CI, 1.00-
1.20) in Sweden (43) to 3.6 (2.9-4.5) in the UK (16). Only older age was associated

with mortality in the multivariate analysis of this latter study. Gender might also have



an impact, as mortality is higher in women, but has been reported to improve in
recent years (47) Cardiovascular morbidity might be increased, mainly driven by a
higher incidence of cerebrovascular infarctions, especially in patients who had

received radiotherapy (48, 49).

CLINICAL PRESENTATION

Clinical signs and symptoms (Figure 1)

Mass effects

The vast majority of NFPAs, whether hormonally active (i.e. gonadotropin-secreting
or silent lactotroph, somatotroph or corticotroph adenomas) or inactive (null-cell
adenomas), are revealed by mass effects on anatomic structures in the vicinity of the
pituitary (headache, optic chiasm compression in 40-70% of cases, occasional
cranial nerve Ill, IV and VI compression) and/or on pituitary hormonal function,
leading to hypopituitarism (16, 43-45, 50). Hypopituitarism can be caused by anterior
pituitary compression, pituitary stalk interruption, or hypothalamic involvement.
Sequential loss of hormone secretion usually begins with GH or gonadotropins;
decrease in TSH and ACTH secretion may follow (51). Pituitary stalk compression
can also produce hyperprolactinemia, by disinhibiting the dopaminergic tone that
normally acts at the level of pituitary lactotrophs, causing amenorrhea and
galactorrhea, but PRL serum levels are always below 150-200 ng/ml (45, 52). This
distinguishes them from macroprolactinomas, which are associated with much higher

PRL levels, proportional to tumor size (53-55).

Pituitary apoplexy



Pituitary apoplexy may be the presenting feature of NFPA, with severe headaches of
sudden onset, meningismus, a variably depressed sensorium, and visual
disturbances (56). Between 2% and 12% of patients with all types of adenoma
experience apoplexy, and the diagnosis of pituitary tumor was unknown at time of
apoplexy in more than 3 out of 4 cases (56). In conservatively managed NFPAs the
risk of pituitary apoplexy was calculated to be between 0.2 and 0.6 events per 100

person-years in 2 metaanalyses (57, 58).

Hyperstimulation syndromes (59)
Very rarely, gonadotropin hypersecretion can stimulate the gonads: macro-orchidism
has been reported in males (19, 21) and an ovarian hyperstimulation syndrome in

premenopausal women with FSH-secreting tumors (17, 18, 20, 60, 61) .

Incidentalomas

An increasing proportion of pituitary tumors (up to 15% of NFPAs) are detected by
chance on computed tomography (CT) or magnetic resonance imaging (MRI) of the
brain performed for unrelated reasons (62-65). These tumors are called pituitary
incidentalomas. In their great majority they are smaller than 1 cm diameter and non
functioning. Macroadenoma account for only about 1% of incidentalomas (66). After
careful hormonal and neuro-radiological evaluation, the main issues in these patients
is to know If a pituitary macroadenoma will grow or remain unchanged, in order to
manage them adequately (67). Macroadenomas have a greater tendency to grow
than microadenomas (12.5% of patients per year vs. 3.3%) and solid lesions show
greater progression than cystic ones (5.7% of patients per year vs. 0.05%) (57, 68).

In a series of 115 NF incidentalomas, growth was reported in 20% of cases at 4



years (57, 68). In a review of 353 macroincidentalomas (69), increase and decrease
in size was observed in 24% and 12%, respectively; the rate of increase increased
with the length of follow-up: 17% for follow-up < 4 years (38/215) and 34% for follow-
up 5-8 years (47/138). On the other hand, the natural history of NFPAs
microadenoma is likely to be benign and does not necessitate close follow up by MRI

(70).

BIOCHEMICAL EVALUATION

Gonadotropins and subunit secretion

When a functioning adenoma produces an excess hormone (e.g. GH or ACTH) a
clinical syndrome (e.g. acromegaly or Cushing syndrome) is observed, and the
diagnosis is readily confirmed by hormone assays (71). By definition, this important
clinical marker is generally lacking in patients with NFPA. As already mentioned, the
vast majority of NFPAs are gonadotroph, i.e. able to produce gonadotropins or their
subunits. However, baseline plasma dimeric FSH and/or LH levels are rarely
elevated [see (72, 73) for review]. Elevation of free subunit levels (mainly alpha LH,
more rarely beta LH) is more common but is generally moderate.

About 50% of male and about 30% of premenopausal female gonadotroph adenoma
patients have excess secretion of FSH, LH or their free subunits, in a sufficient
amount for measurement in serum (72, 74-76). In the postmenopausal state,
assessing the secreting status is more difficult because of the physiological elevation
of gonadotropins and subunits levels. Increased FSH levels in post-menopausal
women, in combination with low LH levels and low levels of all pituitary hormones can

help to preoperatively diagnose a gonadotroph adenoma (72).



TRH and GnRH stimulation tests to measure the response of gonadotropins is no
longer recommended, as these tests are neither sensitive nor specific for indicating
the gonadotroph nature of NFPAs (73) and can also trigger rarely pituitary apoplexy

(56).

Other pituitary hormones

Patients with pituitary macroadenomas, whether discovered incidentally or revealed
by a mass effect, require a careful assessment of all secreted pituitary hormones to
exclude hypersecretion and to diagnose pituitary hormone deficiencies that may

require preoperative replacement therapy.

The search for “silent” hypersecretion of other pituitary hormones.

The abnormal secretion of pituitary hormones such as ACTH, PRL or GH may be
totally silent or subclinical (25). A silent corticotroph adenoma can be completely
silent, but sometimes also revealed preoperatively by an elevated ACTH level
concomitant with a normal morning cortisol level, or by a “paradoxically” normal
cortisol level despite deficiency of all other pituitary hormones (73). An overnight
dexamethasone suppression test may be contributory and free urinary cortisol might
be eleveated (77).

By definition, IGF-I levels are normal in patients with a silent somatotroph adenoma;
if they are not normal, then acromegaly should be diagnosed, even in the absence of
clear clinical signs (78).

PRL is also routinely measured in patients with NFPA. If the PRL levels are only
moderately elevated and do not correspond to the adenoma size, hyperprolactinemia

is likely the result of pituitary stalk compression (see above). It might be kept in mind



that a PRL assay artifact called “hook effect” can mask very high levels of PRL (79,
80) and could falsely orientate the diagnosis to hyperprolactinemia related to stalk
compression. This should be excluded by the measurement of PRL in 1/10 to 1/100-

diluted serum (81).

Screening for hypopituitarism

At the time of NFPA diagnosis, 60% to 85% of patients have at least one pituitary
hormone deficiency. Gonadotropic deficiency is the most prevalent (>80% of cases),
followed by somatotropic deficiency. Thyrotropic and corticotropic deficiencies are

found in 20-50% of cases (50, 73, 82-86).

PREOPERATIVE ASSESMENT

Pituitary imaging

Neuroradiological assessment of NFPA is based on MRI (73, 87, 88). On MRI, NFP
macroadenomas appear as a mass centered on an enlarged sella turcica, with T1/T2
signal variations due to necrotic and/or hemorrhagic areas, and possibly with a fluid
level. Tumor enhancement is usually only weak (Figure 2). The tumor may extend
upwards, toward the optic pathways, laterally into the cavernous sinuses (internal
carotid artery encasement is a sign of cavernous sinus invasion while visualization of
the medial cavernous sinus veins indicates the absence of invasion) and/or
downwards into the sphenoid sinus, with lysis of the sellar floor. If discovered

incidentally, it has to be differentiated from other pituitary lesions (67, 88).

Ophthalmologic assessment of NFPA patients

10



NFPAs are a major source of visual disorders (16, 43-46), and are diagnosed later
than functioning adenomas, often with larger tumor volume. Patients may be
unaware of their visual deficit, especially in case of bitemporal hemianopsia, as the
functioning visual field in one eye can compensate the visual field loss in the other
eye.

Neuro-ophthalmologic exploration is one of the main factors guiding the surgical
decision. Ophthalmologic assessment includes sensory evaluation with measurement
of visual acuity (VA) and visual field examination (VF), preferably using a central
static + peripheral kinetic approach. Anterior segment and fundus examinations are
also essential for interpreting the VA and VF data. Optic nerve optical coherence
tomography (OCT) is contributory but not essential for estimating the visual prognosis

(89).

GENERAL PRINCIPLES OF TREATMENT

The choice of treatment is determined by i) the need for immediate relief from a mass
effect or hormonal abnormalities, ii) the chance of long-term tumor control and iii) life
expectancy and co-morbidities of the patient.

Surgery and radiotherapy are the two radical treatment options. A conservative
approach may be appropriate for patients with an incidentally discovered pituitary
adenoma ("incidentaloma"), provided the tumor is small, well defined, non-secreting
and has no suprasellar or lateral extension (risk of neurological or visual chiasm
compression).

Patient management of pituitary incidentalomas differ from that of symptomatic
pituitary adenomas (62-65, 90). It the adenoma is at distance to the optic chiasma,

radiological follow up by MRI should be performed after 6-12 months together with a

11



hormonal biochemical assessment looking for hypopituitarism (65, 87) (63). In case
of absence of progression, surveillance intervals may be increased. If the adenoma is
close to the optic chiasm, the French Endocrine Society Consensus (65, 87)
considers that surgery is not formally indicated but should be discussed with the
patient, taking into account the natural history of NFPA, the low morbidity associated
with surgery, and the need for the patient’'s compliance with surveillance, any plans
for pregnancy, and risk factors for apoplexy, etc. If surgery is not decided on, control
MRI should be performed at 6 months, completed by hormonal and visual
assessment. MRI and hormonal assessment are thereafter continued annually, with
visual evaluation every 6 months.

A watchful waiting strategy may also be considered if surgery is contraindicated or

declined.

THE RESULTS OF SURGICAL TREATMENT OF NON FUNCTIONING PITUITARY
ADENOMAS

Surgery is generally the first-line treatment for NFPAs, usually via a trans-sphenoidal
approach (91).

Remission is defined as the disappearance of visible tumor on MRI after total
surgical removal. The average remission rate after surgery is between 20% (95% ClI:
12-57) according to one meta-analysis (84), and 47.3% (range, 3-92) at one year
according to another (92).

Visual function improves (partially or fully) after surgery in 80—90% of cases (93-95).
Visual recovery may be very gradual, continuing up to one year after surgery. Some
studies have shown a correlation between the degree of visual recovery and the

duration and severity of ophtamologic disorders. Visual acuity <0.1 and optic atrophy
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both carry a poor visual prognosis (83, 96). Visual disorders are thus an indication for
surgery, even though complete recovery cannot be guaranteed.

The risk of onset of further pituitary deficiencies in patients with pituitary
macroadenomas has been estimated at 12% per year (91). Arafah et al. found that
preoperative deficiencies, headache and hyperprolactinemia significantly influenced
the chances of postoperative recovery: when all the criteria were met (which
suggests an increased intrasellar pressure), deficiencies and headache were more
likely to improve postoperatively (97, 98). Surgery normalized anterior pituitary
function in about 20-50% of cases after an average follow-up of one year (51, 84, 86,
99) and the rate is higher with earlier management. This explains why some authors
recommend surgery even if the macroadenoma is asymptomatic (99).

The risk of a postoperative deterioration in pituitary function is 1-10% (51, 86, 92, 94,
95). Transcranial excision gives much poorer results (51, 84). The risk of
postoperative onset of diabetes insipidus is less than 5%.

Headache is classically attributed to distension of the dural envelopes (84).
Headache due to a mass effect is generally relieved by surgery (83, 100, 101).
However, patients should be informed that relief cannot be guaranteed as causality is

unproven.

Difficult situations

NFPAs in elderly patients: NFPAs account for 60—-80% of pituitary adenomas
occuring in the elderly, with an annual incidence of around 7/100 000 (102-104). The
main presenting symptom, as in younger patients, is visual impairment (50-70% of
cases) (103). Most macroadenomas have a maximal diameter of 2—4 cm at diagnosis

(103). Management decisions must take account the visual impact, tumor proximity to

13



the chiasm, and comorbidities (103). However, mortality is not higher than in the
general population (<1%) if the anesthetic risk is well controlled (103) and if the
transphenoidal route is preferred to the transcranial approach (84). The rates of
recovery from visual disorders and pituitary deficiency are similar to those obtained in
young patients, despite a larger tumor size at time of pituitary surgery in elderly
patients (105). The indications are the same in elderly patients as in younger
patients, provided that relevant comorbidities, the anesthetic risk and the real impact
to the patient are taken into account.

The surgical decision is more difficult in patients taking antiplatelet drugs or
anticoagulants. Indeed, patients on long-term anticoagulant or antiplatelet therapy
have a higher risk of postoperative hemorrhagic complications. However,
preoperative drug withdrawal (5 days ahead of surgery for aspirin and vitamin K
antagonists and, ideally, 10 days for clopidogrel) is associated with increased

morbidity and mortality, especially in patients with active stents (91).

Surgical technique: microsurgery or endoscopy?

More than the technique itself, it is the neurosurgeon’s experience that determines
outcome. Endoscopy may be preferable to microscopy, as it offers better control of
lateral and superior tumor extension but in terms of surgical outcome, both
techniques are comparable (106, 107). The complications rate seems similar, e.g.
worsening of visual and pituitary functions in 2.4 and 13.7% cases, respectively, and
persistent diabetes insipidus in 6.2% cases with an endoscopic approach,

comparable to the microscopic approach in a recent study (108).
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POSTOPERATIVE MANAGEMENT OF PATIENTS WITH NON FUNCTIONING

PITUITARY ADENOMAS

Despite progress in neurosurgery, the size and frequent invasiveness of NFPAs often
results in partial resection (see above), and the remnant (present in 50-80% of cases)
may regrow (84, 92, 109, 110). Recurrence is also possible, although rare, even
when total resection has been achieved (84, 92, 109, 111). Adjuvant therapy
(surgical revision, radiation therapy, medications) may be indicated in case of tumor
remnant progression. Otherwise, a watchful waiting strategy is preferable (Figure 3)
(87).

Factors involved in NFPA recurrence

Several recent meta-analyses (84, 92, 111) have shown that recurrence rate is
higher in NFPAs than in secreting adenomas, with little change over the past 30

years (92).

Clinical factors

The best-identified factor for recurrence is the presence of a postoperative adenoma
remnant (Table 1). After apparently complete resection confirmed by MRI, the risk of
recurrence is around 10-20% and 30%, five and ten years after surgery, respectively
(44, 45, 84, 92, 110-122). In two meta-analysis, the mean recurrence rate in patients
without a visible tumor residue was 11-12% (92, 111); the postoperative remission
rate was 96% and 82% at five and ten years, respectively (111); and most
recurrences were diagnosed between one and 10 years postoperatively (92). In
patients with a postoperative tumor remnant, the recurrence rate was 25-40% and

50-60%, five and ten years after surgery, respectively (44, 45, 84, 92, 111-122).
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According to a meta-analysis, the mean recurrence rate was 46% in patients with a
tumor residue; progression-free survival among these patients was 56% and 40% at
5 and 10 years, respectively; and the mean residual tumor volume doubling time was
3.4 years (111).

Tumor invasiveness might be another predictor for a post-operative tumor residual or
recurrence, although its prognostic value on long-term recurrence is conflicting (38,
123-125).

Other clinical factors including a younger age, gender and initial tumor size had
prognostic significance in some studies but not in others (92). In silent corticotroph
adenomas, less cystic tumors and higher ACTH levels might be indicators for
recurrence (126). In addition, texture parameters on pre-operative MRI examinations

be predictive (127).

Histologic factors

The prognosis is classically poorer in case of a silent corticotroph adenoma [rev. in
(109)]. As in other types of pituitary adenoma, expression of tumor biomarkers,
particularly Ki-67, a high mitotic count and strong p53 expression (see above) can
help to assess the risk of recurrence (13, 36, 128, 129).

Other prognostic factors might include an upregulation of minichromosome

maintenance falchproteins (130) and gene expression profiles (131).

According to a prognostic classification, which combines tumor invasiveness and

markers of proliferation, a grade 2b (i.e. invasive and proliferative) gonadotroph

tumors are associated with a 7.5 higher risk of recurrence or progression compared

16



to grade 1a (i.e. non-invasive and non-proliferative) (36, 39, 124). This has been

confirmed in independent series (38).

Postoperative follow-up

MRI and ophthalmologic monitoring

Usually, the first postoperative MRI is performed after 3 or 6 months. If no tumor
remnant is present, the French Endocrine Society Consensus recommends yearly
MRI follow-up for 5 years, then at 7, 10 and 15 years. If a remnant is present, MRI
may be repeated annually for 5 years and then every 2 or 3 years in the absence of
progression. The schedule is then redefined on a case-by-case basis, according to
the size of the remnant and its distance from the optic pathways (87, 109). If visual
defects persist preoperatively, visual assessment should be performed regularly until

the maximal improvement is achieved.

Hormonal follow-up

Biochemical hormonal assessment 3 months after surgery shows whether the
preoperative pituitary deficiencies have improved and if any new deficiencies have
occurred. Biochemical exploration is then repeated for adaptation of replacement
therapies. If radiotherapy is decided, pituitary function needs to be assessed every

year in order to detect possible late-onset deficiencies.

Options in case of tumor recurrence or remnant progression

Repeat surgery

17



Repeat surgery (118, 119) may be indicated if the growing residue or recurrence is
amenable to total resection, if optic pathway compression persists or recurs, or if
surgery can help to achieve the anatomic conditions necessary for stereotactic
radiotherapy (3—5 mm safety margin between the adenoma and optic pathways).
However, repeat surgery is less effective in terms of tumor control (it often persists a
remnant) and visual outcome, and complications (CSF leak) are more frequent than

after initial surgery (132, 133).

Radiation therapy (RT)

The type of RT applied mainly depends on the size of the tumor remnant, as well as

on its distance to the optic pathways. Conventional (fractionated conformal RT) and

modern (radiosurgery and fractionated stereotactic RT) RT appear to be similarly

effective for local tumor control (134).

Postoperative fractionated RT considerably reduces the risk of NFPA recurrence,
with a 10-year progression-free survival rate higher than 90% in most series (45, 111,
117, 132, 135-139) (Table 2). Almost all reports show a major benefit of RT in terms
of the non-recurrence rate at 5 years (66+£19% without RT, 94+9% with RT) and at 10
years (52 £ 16% and 92 *+ 6%, respectively). The overall relapse rate was about 3-
fold lower with RT (55/468, 12% with RT; 321/986, 32% without RT). A meta-analysis
(84) showed a relative risk of recurrence of 1.97 without RT compared with RT.

Studies of fractionated stereotactic RT have involved fewer patients, and mean
follow-up rarely exceeds 5 years (140-147). The results are generally similar to those
of classical RT, with tumor control in more than 95% of patients at 5 years and in

more than 90 % of cases at 10 years.
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Studies of radiosurgery also involved small numbers of patients, with less than 10
years of follow-up (148-162). The results are generally similar to those of fractionated
RT, with tumor control in 90-100% of patients at 5 years. Data for 512 patients
managed in nine North American centers showed tumor control rates of 95% and
85% at 5 and 10 years, respectively (160). A meta-analysis showed better tumor

control in patients with tumors smaller than 4 ml (163).

Despite this clear evidence on tumor control, the general use of RT is limited by
unwanted side effects of radiation toxicity occurring in the long term follow up
especially after the use of higher doses. Tumor growth as such might only be an
outcome parameter of limited value, since not the size of a NFPA itself, but rather the
effects on visual function, mortality or quality of life are of clinical relevance. However,
studies investigating the benefits and risks of RT prospectively in long-term follow up
are missing (134).

Hypopituitarism is the most frequent complication and may occur after several years
and progress with time. Its prevalence ranges from 50% to 80% and increeses with
the time of follow-up (132). Regular long-term follow-up of pituitary function is thus
mandatory after RT.

Studies on visual outcomes after RT are scarce. Severe ophthalmologic
complications are rare (<1%), and may occur late (164). Following radiosurgery, the
incidence of visual impairment ranges from 0 to 13.7%, depending on the series.
(148-162).

They are more frequent when optic pathway was already impaired prior to RT and
when systematic prospective ophtalmological follow up is organized after fractionated

stereotactic RT (146).
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Radiation-induced brain tumors (astrocytoma, glioma, glioblastoma sarcoma or
meningioma) are a rare but well-established risk of RT: in a series of 426 adenomas
treated with RT between 1962 and 1994, the risk was 2% at 10 years, 2.4% at 20
years and 8.5% at 30 years (165).

Vascular inflammation secondary to RT may induce or aggravate atherosclerosis,
which can also be aggravated by hypopituitarism and its treatment (e.g.
overtreatment with  glucocorticoids). An increased risk of stroke and
cardio/cerebrovascular death has been found in patients with hypopituitarism treated

by radiotherapy (166-169).

Given its potential side effects, most experts now agree that immediate postoperative

RT is not indicated after complete tumor resection, as the risk of recurrence is low
(134). Treatment can be postponed without loss of efficacy, but regular MRI
surveillance should be maintained for many years. In case of recurrence, RT might
be proposed, preceded or not by a repeat surgery (see above).

In the presence of a significant tumor residue, especially if invasive, the indications
for RT should take into account risk factors for tumor regrowth, the patient’s age and
history, and the presence of hypopituitarism. In most cases, regular monitoring is an
acceptable option, treatment being postponed until the residue progresses and/or
becomes threatening. RT is indicated if the tumor has a high growth potential, and
the tumoral risk always takes precedence over hypopituitarism when considering
management options.

The different RT modalities have similar efficacy in terms of tumor control, and the

choice thus depends on the size, boundaries and location of the tumor residue with
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respect to neighboring neural structures, and also on the center's experience with

and access to the different machines.

Medical treatment

Given the high prevalence of tumor remnant regrowth in long-term follow up, as well
as the above-mentioned side effects of repeated pituitary surgery and RT, a medical
therapy for NFPAs is urgently needed (170). Based on the available evidence, a
therapeutic trial with cabergoline might be considered for progressing NFPAs.
However, its routine use is conflicting (171). dopamine agonists have been reported
to reduce NFPA volume (172) and preventive dopamine agonists therapy might
reduce the risk of residual tumor enlargement during follow up, in retrospective (173)
and prospective randomized studies (174). The available retrospective studies used
variable drug doses and treatment durations (175) and outcome measures were not
related to NFPA D2 receptors abundance (173). However, the rather small sample
size, the length of the follow up and potential differences in invasiveness and
proliferation characteristics between the intervention and control group were
important limitations of studies investigating the effects of dopamine agonists on
NFPAs growth (171). A recent randomized, parallel, open-label clinical trial compared
cabergoline with nonintervention in patients with residual NFPA after transsphenoidal
surgery over 2 years and showed that, at the end of the study, residual tumor
shrinkage, stabilization, and enlargement were observed in 28.8%, 66.1%, and 5.1%
of patients, respectively, in the cabergoline group and in 10.5%, 73.7%, and 15.8% of
patients, respectively, in the control group (P=0.01) (174). D2R was not associated

with cabergoline responsiveness.
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Gn-RH agonists and antagonists have proved unable to reduce the volume of NFPAs
(175).
Somatostatin analogs were reported to reduce tumor volume in a small percentage of

cases (175), without effects on visual field and pituitary function.

CONCLUSION

NFPA is usually diagnosed in a patient with signs and symptoms related to a mass
effect. Patient management is summarized in Figure 3. Unless contraindicated, and
in a few particular situations, surgery is the mainstay of treatment, after detailed
hormonal, neuroradiologic and ophthalmologic assessment. Resection, generally via
a trans-sphenoidal approach (with the help of an endoscope), should be performed
by a neurosurgeon with extensive experience in pituitary surgery, in order to
maximize the chances of complete resection and to minimize complications. If a
tumor remnant persists (a frequent situation in patients with large and often invasive
adenomas), watchful waiting is preferred to routine radiotherapy, as long as the
tumor residue does not grow. NFPA can sometimes recur even after complete
resection. Postoperative irradiation is only considered in case of residual tumor
growth or relapse. Non-functioning pituitary incidentalomas may, because of their
fortuitous discovery, require a different approach, especially when they are small

and/or remote from the optic pathways.
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Figure legends

Figure 1. NFPA presenting symptoms and signs [adapted from (45)]

Figure 2. Sagittal (A) and coronal, before (B) and after gadolinium injection (C) views

of a NFPA with suprasellar extension.

Figure 3. Proposed NFPA patient management
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Table I: Results of surgery and risk of recurrence according to postoperative remnant status; RT, radiotherapy; PFS, progression-

free survival; * defined as a remnant <1 cm, ** defined as a remnant >1 cm

First author (Year) Ref Patient total / Follow-up | Type of study | Recurrence in the Recurrence in the
patients without (years) absence of remnant | presence of remnant
RT
Turner (1999) (112) 65/65 6.3 retrospective 9/31 (20%) 12/34 (35%)
Woolons (2000) (113) 72/22 5.3 retrospective 2/11 (18%) 8/11 (73%)
Soto-Ares (2002) (114) 51/51 5.6 prospective 0/17 (0%) 13/34 (38%)
Greenman (2003) (115) 122/108 4.2 prospective 6/30 (20%) 41/78 (53%)
Ferrante (2006) (44) 226/150 8.1 retrospective 14/73 (19%) 45/77 (58%)
Dekkers (2006) (116) 97/91 6 retrospective 1/27 (4%) 9/64 (14%)
Van den Bergh (2007) | (117) 122/46 8 retrospective 1/18 (6%) 16/28 (57%)
Losa (2008) (118) 436/355 4.5 prospective PFS 5 years: 87.1% PFS 5 ans: 39.2%
O’Sullivan (2009) (119) 126/126 5.7 retrospective 0/26 (0%) 53/100 (53%)
Brochier (2010) (45) 142/127 6.9 retrospective 10/42 (24%) 46/85 (54%)
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Reddy (2011) (120) 144/144 6.1 retrospective 2/29 (7%) 49/115 (43%)
Maletkovic (2019) (110) 93/85 3 retrospective 2/59 (3%) 8/22 (36%)
Total 1696/1370 47/363 (13%) 300/648 (46%)
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Table 2. Impact of fractionated conformational radiotherapy (FRT) on the risk of NFPA progression/recurrence in recent series

N patients with

FRT/ % free of recurrence at 5 % free of recurrence at 10
Follow-up . .
First author (year) |Ref. N patients without years years
N ears
v ) FRT
FRT No FRT FRT No FRT
Jaffrain-Rea (1993) |(136) 57 7.1 24/33 100% 70 % 96% 55%
Gittoes (1998) (135)126 9 81/355 93% 68% 93% 47%
Woollons (2000) (113)72 5.3 50/22 72% 34% - -

Park (2004) (138) 176 4.3 44/132 98% 85% 98% 50%
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Van den Bergh (2007) [(117)122 8 76/46 95% 49% 95% 22%
Olsson (2009)  |(137)235 10 62/173 - - 94% 62%
Brochier (2010) | (45) [142 6.9 15/127 100% 70% 91% 52%
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