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ABSTRACT

With a prevalence of 80-100/100000, pituitary adenomas are
more frequent than thought. The rare aggressive pituitary ade-
noma presents a special challenge, due to the heterogenous
presentation of the disease. The prognosis of aggressive pitu-
itary adenomas has been improved due to recent studies de-
monstrating some efficacy of chemotherapy with temozolo-
mide. However, there is very limited data on second-line
therapies in patients with treatment failure. This review pre-
sents an update on the diagnostic and therapeutic manage-
ment of aggressive pituitary tumors. Patients should be treated
by a team consisting of an expert endocrinologist, neurosur-
geon, radiation oncologist, and pathologist, and according to
the recently published ESE guideline.

Definition of Aggressive Pituitary Tumors

Pituitary adenomas arise as neoplastic proliferation of cells of the
anterior pituitary, with an estimated prevalence of 80-100 cases
per 100 000 and an annual incidence of 4 per 100 000 [1, 2]. The
vast majority of pituitary adenomas are of benign nature and do
not metastasize. In contrast, the very rare pituitary carcinomas are
characterized by the presence of craniospinal and/or systemic me-
tastases, representing 0.12 % of all cases in the German Pituitary
Tumor Registry [3]. A minority of pituitary adenomas may develop
a clinically aggressive behavior, due to increased cell proliferation
and/orinvasion in surrounding structures. Of note, invasive beha-
vior alone is not sufficient to define malignancy.

The prevalence of aggressive pituitary adenomas is currently
unclear. The 2004 WHO classification of tumors of the pituitary
proposed ‘atypical adenoma’ as a new entity (next to typical ade-
noma and carcinoma), defined as an invasive tumor with elevated
mitotic index, an MiB-1 labeling index >3 %, and an extensive nuc-
lear immunostaining for p53 [4]. This tumor type accounted for
2.7 % of tumors in the German Pituitary Tumor Registry [3]. How-
ever, the 2017 WHO classification abandoned this subgroup, as its
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prognostic significance could not be established [1]. Instead, pitu-
itary adenomas with features that tend to predict recurrence and
resistance to conventional therapy are summarized as high-risk pi-
tuitary adenomas. Such feature should be rapid growth, radiologi-
cal invasion, and a high Ki-67 proliferation index. Patients with a
combination of these characteristics should be investigated more
intensively and followed up more closely.

The 2018 European Society of Endocrinology Clinical Practice
Guidelines for the management of aggressive pituitary tumors and
carcinomas suggested a more clinically orientated definition of ag-
gressive pituitary tumors [2]. Thereby, the diagnosis should be con-
sidered in patients with a radiologically invasive tumor and unusu-
ally rapid tumor growth rate, or clinically relevant tumor growth
despite optimal standard therapies (surgery, radiotherapy and con-
ventional medical treatments). However, due to the lack of data,
neither ‘unusually rapid tumor growth rate’ nor ‘clinically relevant
tumor growth’ are defined in more detail. Clearly, any definition
suggested so far requires clarification and validation by future pro-
spective studies or registries.
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Evaluation

Baseline and follow-up investigations of all patients with pituitary
tumors should be performed in a structured way to recognize ag-
gressive behavior. A careful history is important for early detection
of tumor growth and changes in pituitary function. Full endocrine
evaluation should evaluate both changes in autonomous hormone
secretion in hormonally active pituitary tumors as well as deterio-
ration in pituitary function. Regular MRI scans should define tumor
size in all three dimensions [2] with a standardized protocol, with
separation of microadenomas (< 1.cm), macroadenomas (1-4cm),
and giant adenomas (>4 cm) [1]. Furthermore, regular compari-
son to all previous scans is important to detect minimal but conti-
nuous changes during long-term follow-up. Special attention
should be given to detect invasion in surrounding structures, as it
is a major predictor of aggressive behavior [5]. The Knosp classifi-
cation offers a standardized and validated approach to describe the
invasion of the cavernous sinus space [6]. Frequency of MRI scans
should be adapted according to prior tumor growth rate, changes
in sign and symptoms, results of endocrine evaluation, and regu-
lar evaluation of visual field and neurological deficits, also conside-
ring potential side effects of gadolinium administration [7]. Results
should be discussed in a multidisciplinary expert team including
endocrinologists, radiologists, neurosurgeons, pituitary patholo-
gists, and radiation therapist. Casanueva et al. suggested criteria
for the definition of Pituitary Tumor Centers of Excellence which
certainly could form the basis for the best interdisciplinary manage-
ment of aggressive pituitary tumors [8].

Whenever surgical specimens are available, their evaluation ac-
cording to the current WHO classification is mandatory [1,9, 10].
The classification requires morphological and immunohistochemi-
cal assessment (both for pituitary hormones and transcriptions fac-
tors) to define the adenoma type (> Fig. 1). Sparsely granulated
somatotroph adenoma, lactotroph adenoma in men, Crooke cell
adenoma, silent corticotroph adenoma, and plurihormonal PIT1-
positive adenoma are considered per se as potentially more aggres-
sive tumors and require therefore especially careful follow-up. As
Ki-67 was determined as a major predictive factor for aggressive
behavior, it should be evaluated in a standardized way [11]. Addi-
tional potential markers of aggressiveness as p53 and markers pre-
dictive for medical therapies like expression of somatostatin recep-
tors should be added as needed [1]. As metastases of rare pituita-
ry carcinomas occur in spine, neck lymph nodes, lung, liver and
bone, patients with symptoms in those areas or unexplained incre-
ases in endocrine markers despite stable pituitary tumor size
should undergo site-specific screening [2]. Specimens of metasta-
tic deposits should undergo the same histological evaluation as the
primary pituitary tumor.

Trouillas et al. suggested a new clinicopathological classification
based oninvasiveness, proliferation, and detection of metastases,
which was strongly predictive of post-operative remission or tumor
progression [5]. It could therefore form the basis to determine fol-
low-up intervals in individual patients.

Adenoma Subtypes Immunophenotypes Transcription
Types Factors
Somatotroph Densely granulated* GH £ PRL £ a-SU; CK : Pit-1
diff.

Sparsely granulated GH = PRL; CK: fib bodies  Pit-1
Mammosomatotroph GH + PRL (same cell) Pit-1, ERa
Somatotroph- GH+PRL (different cells) Pit-1, ERa
Lactotroph

Lactotroph Sparsely granulated* PRL Pit-1, ERa
Densely granulated PRL Pit-1, ERa
Acidophilic stem cell PRL, GH (inconstant)

Thyrotroph Sparsely granulated BTSH, a-subunit Pit-1, GATA2

Corticotroph Densely granulated * ACTH, CK: +++ Tpit
Sparsely granulated ACTH, CK: +++ Tpit
Crooke’s cell ACTH, CK: +++ Tpit

Gonadotroph Sparsely granulated* BFSH, BLH, a-subunit SF-1, GATAZ2, ERa

(various combinations)

Null cell None None

Plurihormonal Pit-1(Silent subtype 3) GH, PRL, BTSH = a-SU Pit-1
Unusual ICC combinat. Various

Double Distinct adenomas PRL, ACTH* Pit-1,Tpit,

> Fig. 1 Current classification of pituitary adenomas according to the 2017 WHO report (adapted from [1]) * denotes the most common subtype.

756

Petersenn S. Aggressive Pituitary Tumors. Horm Metab Res 2019; 51: 755-764

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Therapeutic Options

Surgery

Pituitary surgery is the most effective form of treatment for the
vast majority of pituitary tumors, except for prolactinomas with
their excellent response to dopamine agonists. It intends to nor-
malize pituitary hypersecretory syndromes, eliminate tumor mass
and risk of tumor recurrence, while preserving the normal pituita-
ry function and surrounding neural structures. Multiple reports
have demonstrated that expert pituitary surgeons with high case
numbers have better outcome and less complications than surge-
ons with fewer pituitary interventions [8]. Therefore, pituitary sur-
gery should always be performed by a dedicated surgeon with ex-
tensive experience [2]. MRI grading systems such as the modified
Knosp classification may contribute to the prediction of surgical
outcome [12]. Patients with clinically aggressive tumor behavior
during follow-up should always be re-evaluated by expert neuro-
surgeons for repeat surgery, especially when primary surgery was
performed from a less experienced surgeon. Even if complete re-
moval of the tumor is unlikely, repeated debulking surgery may be
helpful to reduce local symptoms like new visual deficiencies or se-
vere headache. Furthermore, endoscopic approaches with enhan-
ced visualization and better access to parasellar structures and into
the cavernous sinuses may allow more extensive surgical resection
in aggressive pituitary adenomas, thereby avoiding transcranial ap-
proaches [13].

Radiotherapy

Radiotherapy is typically used in patients whose tumor growth and/
or hormonal hypersecretion cannot be controlled with further sur-
gery or medical therapy. Adjuvant radiotherapy may also be con-
sidered for residual tumor with pathological markers strongly in-
dicative of aggressive behavior [2]. It should be performed in cen-
ters with high experience. Tumor size, location, and previous
radiation should be discussed with expert radiation therapists, to
determine the most appropriate radiotherapeutic option.
Fractionated external beam radiotherapy (EBRT) relies on diffe-
rent sensitivities of target and surrounding normal tissue to the
total accumulated radiation dose [14]. Itis delivered in 25-30 daily
fractions of 1.8-2.0 Gy over a treatment period of 5-6 weeks, re-

A

Chemotherapy Molecular Therapies

> Fig. 2 Therapeutic alternatives in patients failing surgery and
radiotherapy
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sulting in a total radiation dose of 45-54 Gy [15]. In contrast, ste-
reotactic radiosurgery (SRS) aims to eradicate defined target tis-
sue while relatively sparing exposure to adjacent normal tissue due
to a steep dose fall-off [ 14]. Stereotactic guidance by high-resolu-
tionimaging allows very precise delivery of radiation to the tumor
and is also used with EBRT. SRS is typically applied in a single dose
but can be performed in a limited number of sessions, up to a ma-
ximum of five (hypo-fractionated radiotherapy). Technologies in-
clude linear accelerators (e. g., LINAC and more recently Cyber-knife,
a frameless system using robotic mounting and real-time image
guidance), multisource Cobalt 60 units (e. g., Gamma Knife), and
particle beam accelerators (with limited availability due to the high
costs).

There is a clear need for predictive factors identifying those tu-
mors with relevant regrowth potential, to be considered for radia-
tion therapy. Careful radiological evaluation of tumor extension
should be performed, as the presence of cavernous sinus extensi-
on pre-operatively and suprasellar extension post-operatively are
independent predictors of tumor regrowth [16-18]. Moreover, his-
tological and molecular markers may be helpful to identify patients
with high risk for tumor recurrence/progression [11, 19, 20], as has
been demonstrated for the proliferation marker Ki-67 in combina-
tion with radiological evaluation of invasiveness [5].

Both fractionated EBRT and SRS demonstrate high efficacy rates
to control tumor growth, although little data is available concer-
ning their efficacy in more aggressive phenotypes. SRS may be
more convenient for the patient with single session therapy com-
pared to daily application of EBRT over several weeks. Some studies
claim a more rapid response with respect to biochemical remissi-
on and the expectancy of lesser side effects for SRS compared to
published data on EBRT. However, to date there are no controlled
trials comparing fractionated EBRT and SRS. Due to differences in
singles doses some suggestions have been made to choose the ap-
propriate radiation technique. For SRS, the tumor target should be
at least 3-5 mm distant from the optic chiasm and less than 3cm
in diameter. Otherwise, fractionated EBRT may be the only option.
Furthermore, EBRT should be preferred for tumors with irregular
anatomy, including diffuse local infiltration and suprasellar or
brainstem extension, to avoid high dose radiation of healthy tissue
[15]. Of note, SRS has been used as salvage therapy with some suc-
cess in a small series of patients with persistent active tumors de-
spite prior fractionated EBRT [21].

The decision for radiotherapy must be balanced against poten-
tial side effects. Early side effects include nausea and lassitude (usu-
ally mild, lasting <2 months), diminished taste and olfaction (<6
months), and hair loss at entry sites (< 1 year) [22], with long-term
side effects include hypopituitarism, cerebrovascular disease, se-
condary tumor formation, damage to surrounding structures like
the optic chiasm, and neurocognitive dysfunction.

Chemotherapy
Temozolomide

In patients failing surgery and radiation with ongoing tumor pro-
gression or detection of metastases, systemic therapy may be re-
quired (> Fig. 2). After initial case reports on the use of temozolo-
mide in single patients with aggressive pituitary tumors in 2006
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[23-25], subsequent series have confirmed the efficacy of temo-
zolomide in patients with aggressive pituitary tumors.

In a careful meta-analysis on 57 patients, presented in case re-
ports (55 patients from 29 publications plus 2 additional patients
by the authors, with updated follow-up on 22 patients from 9 pu-
blications) the objective response rates for aggressive pituitary ade-
nomas and pituitary carcinomas were 48.4 % and 65.2 %, respec-
tively [26]. Disease stabilization occurred in 29.0 and 17.4 %, res-
pectively. The median duration of response was 30 months
(5.5-120). Patients with long-term treatment>12 months (35.7 %)
demonstrated longer PFS than those on short-term treatment, alt-
hough the difference was statistically not significant.

Subsequent to single case reports, a number of larger series has
been published during the last 10 years. As small studies carry a
higher risk of publication bias, only studies including more than 3
patients will be discussed below in more detail.

In a prospective 1-year treatment study on 6 consecutive pati-
ents with aggressive pituitary adenomas by Losa et al., 4 patients
completed 12 cycles of temozolomide (150-200 mg/m?Z, 5/28 d)
with 1 complete and 1 partial remission, and 2 patients with stab-
le disease (follow-up of 28, 12, 24, and 21 months, respectively).
Two patients demonstrated progress after 3 and 6 months [27].In
aretrospective evaluation of 7 patients treated with temozolomi-
de (75mg/m?2,21/28 d) reported by Bush et al., 2 patients respon-
ded with partial remission (1 ongoing after 11 cycles with further
treatment, 1 ongoing after 11 cycles with subsequent surgery due
to CSF leakage and possibly related to gamma knife therapy 5
months prior to temozolomide), 4 patients with disease stabiliza-
tion (3 patients with ongoing treatment after 10, 10, and 13 cyc-
les, 1 patient for 2 cycles), and 1 patient with progressive disease
[28]. In aretrospective multicenter evaluation from France, Raverot
et al. provided details on 8 patients treated with temozolomide
(150-200mg/m?2, 5/28 d) for 3-24 cycles [29]. Partial remission
was described in one lactotroph carcinoma and two corticotroph
tumors (one aggressive adenoma, one carcinoma). In a retrospec-
tive multicenter evaluation from Japan, Hirohata et al. described
13 patients treated with temozolomide (mostly 150-200 mg/m?,
5/28 d) [30]. Complete remission was seen in 3 patients (1 with a
recurrence after 10 months during ongoing treatment), partial re-
mission in 6 patients (with recurrences in 5 patients after 5-19
months during ongoing treatment), stable disease in 2 patients,
and progressive disease in 2 patients. Bengttson et al. published
retrospective data on 24 patients treated with temozolomide (150-
200 mg/m2, 5/28 d) for a median of 6 months (1-23) [31]. Conclu-
sive follow-up data was available for 21 patients, with 2 complete
remissions (ongoing at 48 and 91 months), 8 partial remissions (2
ongoing at 31 and 81 months (off therapy), 1 progress at 21 months
(off therapy), 1 progress at 6 months (during therapy), 2 with 2nd
course of therapy at 4 and 20 months), stable disease in 3 patients
[ongoing at 17, 30, and 44 months (off therapy)], and 8 patients
with progressive disease. Ceccato et al. reported their retrospecti-
ve single-center experience with 5 patients treated with temozo-
lomide (150-200 mg/m?, 5/28 d) for a median of 12 months (3-
24), with partial remission in 2 patients (for 12 and 24 months),
stable disease in 1 patients for>6 months, and progressive disease
in 2 patients [32]. Bruno et al. described 6 patients studied retros-
pectively after treatment with temozolomide (140-320mg, 5/28 d),
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with objective response in 2 patients [ongoing at 31 months and
59 months (off therapy)] [33]. Losa et al. presented the results of a
retrospective multicenter survey in Italy, with 31 patients treated
with temozolomide (150-200 mg/m?Z, 5/28 d, except for 2 patients
following the Stupp protocol) [34]. Partial remission was seenin 11
patients, stable disease in 14 patients, and progressive disease in
6 patients. During follow-up of 43 months (24-72), 13 patients of
those with at least prior disease stabilization demonstrated reg-
rowth of the tumor. Lasolle et al. presented the results of a second
retrospective survey from France on 43 patients [35], including fol-
low-up on some patients presented in the first survey. Most pati-
ents were treated with temozolomide 150-200 mg/m?2 (5/28 d),
whereas 6 patients were treated according to the Stupp protocol.
At least partial remission according to tumor and/or hormonal
changes was found in 22 patients (with relapse during follow-up in
10 patients), stable disease in 10 patients (with progress during
follow-up in 4), and progressive disease in 11 patients. In a retros-
pective single-center evaluation from Boston, Jordan et al. descri-
bed the outcome for 7 patients [36]. Most patients received temo-
zolomide 150-200 mg/m? (5/28 d), with 2 patients increasing their
dose with tumor progression either up to 200 mg/m? daily on al-
ternate weeks or 75 mg/m?2 daily. Tumor regression was seen in 4
patients, and disease stabilization in 3 patients. Median PFS was 1.6
years.

Most recently, McCormack et al. published the results of a ret-
rospective European Society of Endocrinology (ESE) survey on 157
patients treated with temozolomide for a median of 9 months (1-36)
[37]. The vast majority of patients (93 %) were treated according
to the standard protocol with 150-200 mg/m? (5/28 d), 4 % recei-
ved treatment according to the Stupp protocol, with the remaining
few patients treated according to a variety of protocols, including
some dose-dense regimes. According to tumor response, 9 (6 %)
patients demonstrated complete regression, 49 (31 %) partial re-
gression, 52 (33 %) stable disease, and 47 (30 %) progressive di-
sease. The overall radiological response rate was 37 %. Regression
was observed more frequently in clinically functioning compared
to nonfunctioning tumors (p=0.01). Response to temozolomide
was significantly higher in patients with concomitant radiotherapy
(p=0.02). During a median follow-up of 21 months (0-102) after
drug cessation, 25%, 37 %, and 41 % patients with prior complete
remission, partial remission, or stable disease, respectively, deve-
loped a relapse [median time to progress 12 (1-60) months after
drug cessation] (> Fig. 3).

Altogether, those 11 studies comprise 304 patients, with objec-
tive response in 125 patients (41.1%), and disease stabilization in
additional 91 patients (29.9 %). However, it has to be stressed, that
arelevant number of patients experienced relapses and therefore
require additional therapies. Furthermore, it remains unclear, whe-
ther continuous long-term treatment offers any advantage com-
pared to short-term treatment.

Other forms of chemotherapy

Due to the rarity of pituitary carcinomas few studies have been pu-
blished on the use of intravenous chemotherapy [38]. The recent
European Society of Endocrinology (ESE) survey lists a variety of
substances (cisplatin, carboplatin, oxaliplatin, etoposide, adriblas-
tin, capecitabine, 5FU, doxorubicine, cyclophosphamide) applied

Petersenn S. Aggressive Pituitary Tumors. Horm Metab Res 2019; 51: 755-764

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



TMZ treatment

(first course)
n=160
Median treatment
duration:
L2 e 9 months (1-36)
Ongoing Ceased Median follow up
7 \ after cessation:
7 \\ N 21 months (0-102)
48 49 43 8
regression regression
Median time
to progression
12 months (1-60)
20 16 2 22 24 6
[ J—
38 52

> Fig. 3 Results of a recent European Society of Endocrinology (ESE) survey
efficacy of temozolomide and rate of recurrence during follow-up after cessa

Radiopharmaceutical

‘..-0*’ Receptor ligand

Somatostatin receptor

> Fig. 4 Principles of peptide receptor radionuclide therapy (PRRT):
Radiopharmaceuticals are linked to the receptor ligand, which binds
to its specific receptor at the surface of the tumor cell. Radioactivity
is thereby specifically transported to its target cells.

as second and third line therapies and in various combinations in
very few patients [37]. In one of the few studies summarizing ex-
perience with one scheme, Kaltsas et al. presented their instituti-
onal experience with a combination of lomustine 100 mg/m? orally
ond1and 5FU (each 400 mg/m? as iv bolus followed by iv infusion
over 22 h) on d1+d2 every 3 weeks [39]. Seven patients with ag-
gressive pituitary adenomas or pituitary carcinomas were treated
for a median of 2 cycles (range 1-6), with clinical improvements in
3 patients, biochemical improvements in 2 patients, and objective
tumor size reduction in 1 patient. Toxicity was minimal.

Petersenn S. Aggressive Pituitary Tumors. Horm Metab Res 2019; 51: 755-764

on the treatment of aggressive pituitary adenomas and carcinomas:
tion of temozolomide (number of patients shown) (adapted from [37]).

Experimental therapies
PRRT

Peptide receptor radionuclide therapy (PRRT) has been successful-
ly used for the treatment of various neuroendocrine tumors
[40,41], with acceptable side effects. It is usually based on the high
expression of somatostatin receptors in endocrine tumor cells. Ra-
diopharmaceuticals linked to the receptor ligand are able to deli-
ver focused therapy to the tumor (> Fig. 4). In vivo, expression of
somatostatin receptors can be evaluated by 1"'In-octreotide-scin-
tigraphy, to potentially predict the applicability of PRRT in indivi-
dual patients. A PubMed search revealed 12 studies with relevant
patient numbers (excluding case reports) as well as sufficient data
on pituitary adenoma types and uptake in 367 patients (> Table 1)
[42-53]. More than two third of patients with GH- or TSH-expres-
sing pituitary adenomas, half of the patients with non-functioning
or ACTH-secreting adenomas, and approximately 40 % of patients
with PRL-expressing adenomas demonstrated positive uptake of
n-octreotide. Interestingly, Acosta-Gomez et al. confirmed re-
levant uptake also in a subgroup of patients with recurrent adeno-
mas [42].

68Ga-DOTA-TOC and -TATE PET represent major advances in
comparison to "In-octreotide-scintigraphy, offering better reso-
lution and quantitative assessment of somatostatin receptor ex-
pression, and may be combined with either CT or MRl scan. Tissue
uptake for 68Ga-DOTA-TOC exclusively correlated with quantitati-
ve expression of sst2 [54]. Several case reports have demonstrated
strong tracer uptake in pituitary tumors, for example, as rare com-
bination with multiple paragangliomas [55], to identify tumor
boundaries of a residual adenoma more precisely than by MRI alone
prior to cyberknife radiotherapy [56], to screen for metastatic di-
sease and thereby confirm the diagnosis of a pituitary carcinoma
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» Table 1 Details on expression of somatostatin receptors investigated by '"'In-octreotide-scintigraphy in various pituitary adenomas.

Reference NFA +LH +FSH
Acosta-Gomez BJR 2005 [42] 2/5
Acosta-Gomez BJR 2005 (recurrence) [42] 5/7
Boni Q ] Nucl Med 1995 [43] 2/12
Borson-Chazot Clin Endocrinol 1997 [44] 16/29
Colao | Endocrinol Invest 1999 [45] 9/9
Duet | Nucl Med 1999 [46] 13/17
Goerges Nuklearmedizin 1997 [47] -
Legovini ] Endocrinol Invest 1997 [48] =
Oppizzi | Endocrinol Invest 1998 [49] 14/22
Ploeckinger JCEM 1994 [50] 412
Rieger Neurosurg Rev 1997 [51] 9/25
Schmidt Eur | Nucl Med [52] 1/15
Tofani Q ] Nucl Med 1995 [53] 57
Total 80/160
Total (%) 50.0

PRL Acro Cush TSH

3/4 4/4 0/3 11

3/7 1/3 4/5 =

- 12/13 - 2/4

= 12/19 = =

= 21/29 = =
9/14 6/6

= 14/22 = -

- 8/9 - -
14/17

- 4/7 - -

5/11 = =

1/8 - =

7/8 = =

112/164 4/8 9/11

68.3 50.0 81.8

wlo|=a| ==
Jdl=l=|=|=
5 N U N D
U

NFA: Nonfunctioning; LH +FSH: Gonadotroph; PRL: Lactotroph; Acro: Somatotroph; Cush: Corticotroph; TSH: Thyrotroph pituitary adenomas. Only
studies with larger series, sufficient data on tumor type, and separation into positive and negative uptake were included.

[57] or to determine a pituitary carcinoma as the primary lesion in
a patient with lung metastasis of a neuroendocrine tumor [58], to
clarify the diagnosis of a giant prolactinoma in combination with a
meningioma [59], to confirm a recurrence of a small TSH-secreting
pituitary adenoma in an empty sella as depicted by MRI scan [60],
or to localize an ectopic TSH-secreting pituitary adenoma in the
nasopharynx [61].

Zhao et al. evaluated the combined use of ©3Ga-DOTA-TATE PET/
CT and FDG PET/CT in 35 patients with residual or recurrent pitui-
tary adenomas, both performed within one week prior to surgery
[62]. Tumor tissue in 34/35 adenomas demonstrated relevant, but
variable uptake by 68Ga-DOTA-TATE PET, with generally higher up-
take in the remaining normal pituitary tissue. Similar results were
obtained in 37 patients with suspicion of pituitary microadenomas
investigated by ®8Ga-DOTA-TATE PET/MRI and FDG PET/MRI [63].
Pituitary insufficiency may therefore be a concernin patients trea-
ted by PRRT.

Despite multiple evidence of somatostatin receptor expression
in vitro and in vivo, PRRT has rarely been applied for the treatment
of pituitary tumors, except for a few case reports. Baldari et al. de-
monstrated the effectiveness of PRRT with 111In-DTPA-octreotide
in a giant PRL-secreting pituitary adenoma resistant to conventio-
nal treatment [64]. A 58 year-old woman with severe neurological
symptoms, increasing prolactin levels and tumor size despite prior
surgery, medical treatment with cabergolin and radiotherapy was
investigated by ''In-octreotide-scintigraphy, revealing strong up-
take of the tracer. Subsequent medical treatment with octreotide
LAR was ineffective. The patient underwent four cycles of PRRT with
1n-DTPA-octreotide (cumulative activity 29 GBq), with substan-
tial tumor shrinkage and significantimprovement in clinical condi-
tions. According to the report she was still in stable condition 2
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years after the beginning of the PRRT; no side effects were repor-
ted. Kumar Gupta et al. reported a 71-year old woman with a pan-
creatic neuroendocrine tumor [65]. Further investigation by 68Ga-
DOTA-NOC PET/CT excluded distant metastases but revealed in-
tense intracranial radiotracer uptake corresponding to a
nonfunctioning pituitary macroadenoma and suggesting MEN-1.
The patient opted for experimental PRRT with 177Lu-DOTATATE (150
mCi), with subsequent decrease of chromogranin A. However, no
data were given on follow-up of the pituitary adenoma. Kovacs
et al. described a 16-year old female with an aggressive ACTH-se-
creting macroadenoma [66]. The patient underwent eight pituita-
ry surgeries, bilateral adrenalectomy, and three courses of radiati-
on therapy. As "1In-octreotide-scintigraphy revealed positive up-
take of a progressively growing tumor remnant, the patient
received two cycles of 20Yttrium-DOTATATE (200 mCi). Imaging
showed increased radionuclide uptake at the left side of the neck,
and whole-body CT found additional metastases in the liver. The pa-
tient died within the following year of elevated intracranial pressure.
Komor et al. published a 55-year-old patient with right-sided head-
ache and subsequent diagnosis of a nonfunctioning pituitary ade-
noma with infiltration into the right cavernous sinus [67]. Histology
revealed a null-cell adenoma with high Ki-67 of 12 %, and homo-
genous expression of sst2 by somatostatin receptor autoradiogra-
phy. Following radiosurgery the patient remained stable for 8 years,
after which he presented with an incomplete palsy of the right ocu-
lomotorius nerve due to relevant increase of the tumor remnant.
With positive "'In-octreotide-scintigraphy, the patient underwent
3 cycles of 1777Lu-DOTATOC (each 200 mCi). The palsy of the oculo-
motorius nerve improved and the patient remained stable for more
than 8 years at the time of the report. MacLean reported on 3 con-
secutive patients referred for 68Ga-DOTATATE PET/CT to evaluate
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suitability for 177Lu-DOTATATE therapy [68]. A 67-year old male un-
derwent surgery and adjuvant radiotherapy for a nonfunctioning
pituitary adenoma, with second surgery for a recurrence 19 years
later. Another 3 years later, he was diagnosed with metastatic di-
sease of his spine and skull, and underwent 4 cycles of 77Lu-DO-
TATATE (~7.4 GBq each). Except for a temporary drop in his plate-
let count he experienced no severe side effects and his disease re-
mained stable and symptom-free 40 months after treatment
induction. A second case, a 42 year-old man presented with diplo-
pia due to an invasive GH- and Prl-secreting pituitary adenoma. He
was treated by surgery followed by radiotherapy and medical the-
rapy with lanreotide and cabergoline. In the following 3 years he
underwent 4 additional surgeries, 2 cycles with temozolomide, and
radiosurgery. With continuous progress causing bilateral ophthal-
moplegia, chiasm compression, and ptosis as well as brainstem
compression, he was investigated by 68Ga-DOTATATE PET/CT, de-
monstrating strong uptake. He received 2 cycles of 177Lu-DOTATA-
TE (7.8 and 7.5 GBq) but died shortly afterwards due to deteriora-
tion of his brainstem disease. A third case, a 32-year old, had trans-
sphenoidal surgery for a silent corticotroph adenoma
(retrospective with increased proliferation markers), with second
surgery and radiotherapy for recurrent disease 2 years later, ano-
ther debulking surgery one year later, followed by 6 cycles of temo-
zolomide. He received one cycle of 77Lu-DOTATATE, but with se-
vere facial pain was then treated by chemotherapy, additional sur-
geries and radiotherapy during the following year. Despite
radiological response to the later, he then died suddenly. Novruzov
et al. described a 68-year old male with diagnosis of a nonfunctio-
ning pituitary carcinoma and spinal metastases 20 years after sur-
gery and radiation therapy for a pituitary macroadenoma [69]. The
patient received 3 cycles of 177Lu-DOTATATE (7.4 GBq each cycle),
and subsequently remained stable during the follow-up of 4 years.
Waligérska-Stachura et al. presented a 26-year male with a giant
GH-secreting pituitary adenoma, with uncontrolled disease despi-
te prior transsphenoidal and transcranial surgery, medical treat-
ment with SLR, and radiation therapy [70]. After confirming soma-
tostatin receptor expression by 8Ga-DOTATATE PET/CT, he was tre-
ated with 4 cycles of 20Yttrium-DOTATATE (100 mCi every 3
months), with subsequent tumor regression and biochemical con-
trol during follow-up of 12 months. Most recently, Giuffrida et al.
presented 3 cases treated by PRRT [71]. A 55-year old female pre-
sented with a rapidly growing pituitary mass and increasing pro-
lactin levels, after diagnosis of a macroprolactinoma 13 years ear-
lier resistant to treatment with cabergolin but controlled by trans-
sphenoidal surgery. Radiotherapy of the aggressive prolactinoma
was stopped due to rapid worsening of the clinical condition, in-
cluding neurological impairment and left oculomotor nerve palsy.
She received five cycles of PRRT with 1'1In-DTPA-octreotide (cumu-
lative activity 37 GBq), with remarkable tumor shrinkage and de-
crease of her prolactin levels, as well as relevant improvement in
clinical condition. She remained stable during follow-up over 96
months, without relevant side effects. The second case, a male with
a giant prolactinoma, demonstrated ongoing progress of his tumor
despite three surgeries and hypo-fractionated radiosurgery. He re-
ceived 2 cycles of 77Lu-DOTATOC (12.6 GBq), with a dramatic in-
crease in tumor size shortly after the 2nd cycle, and subsequently
underwent chemotherapy with temozolomide and cyclophospha-
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mide, without any benefit but progressive neurological symptoms.
The third case, a female with a giant nonfunctioning pituitary ade-
noma treated by 5 surgeries, fractionated radiotherapy and che-
motherapy with temozolomide over 10 years, received 5 cycles of
177Lu-DOTATOC (29.8 GBq), but demonstrated clear progress of
her tumor mass and deterioration of clinical symptoms over the
following year. Two recent reports on the efficacy of temozolomi-
de mentioned 5 patients receiving PRRT [31, 35], but as details
were scarce and overlap with the case reports could not be exclu-
ded, data are not presented here.

Altogether, these case reports combine data on 12 patients (9
adenomas, 3 carcinomas; 3 PRL, 5 NFA, 1 GH/PRL, 1 GH, 2 ACTH),
of which 6 responded to PRRT with disease stabilization or partial
remission of the tumor during a median follow-up of 44 months
(range 1-8 years). Five patients were considered non-responders,
and 1 patient lacked sufficient follow-up data. Most patients were
treated by '77Lu-DOTATOC or '77Lu-DOTATATE (n=8), whereas 2
patients received '1'In-DTPA-octreotide and 2 patients 20Yttrium-
DOTATATE. Although selection of those case reports may be biased,
data appears to be sufficient to evaluate patients without thera-
peutic alternatives for expression of somatostatin receptors.

Molecular therapies

Increasing knowledge on cell signaling and molecules involved in
cell proliferation has evolved in the successful development of new
cancer therapies. Subsequently, several studies have investigated
their potential for the treatment of aggressive pituitary adenomas
and pituitary carcinomas, mostly at the experimental level. Few pa-
tients resistant to other therapies have been treated with those
compounds, and published data on their follow-up will be summa-
rized below (selection limited to cases with sufficient data on treat-
ment and follow-up).

Potential of anti-VEGF therapy

Bevacizumab is a humanized monoclonal antibody directed against
vascular endothelial growth factor (VEGF). Is has been approved as
an anti-angiogenic treatment for various forms of cancers mostly
in combination with chemotherapy. Ortiz et al. described a case of
asilent corticotroph cell carcinoma, with repeated sellar tumor re-
growth despite 7 surgeries, radiotherapy, and 3 courses of temo-
zolomide, and accompanied by the development of 2 vertebral me-
tastases treated by surgery and focal radiotherapy [72]. As the
tumor demonstrated conclusive VEGF immunoreactivity, the pati-
ent received intravenous bevacizumab 10 mg/kg every 2 weeks for
the follow-up of 26 months, with ongoing disease stabilization.
Touma et al. reported a case with a corticotroph carcinoma and
pulmonary metastasis, treated by pituitary surgery followed by
combined radiation, temozolomide 75 mg/m? daily and bevaci-
zumab 10 mg/kg every 2 weeks for 8 weeks [73]. At that time, the
pulmonary nodule had dissolved, TMZ was continued with 200 mg/
m2(5/28 d) for a total of 12 cycles, and the patient remained in re-
mission during the follow-up of 5 years. Rotman et al. published a
case of a corticotroph carcinoma with distant metastases in the
CNS, afterinitial diagnosis of a corticotroph adenoma 14 years ear-
lier treated by surgery and radiation [74]. The patient underwent
surgery for a temporal cystic mass, hypofractionated radiotherapy
of a cervicomedullary metastasis, followed by 12 cycles of adjuvant
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temozolomide (150-200 mg/m?2 (5/28 d) overlapping with beva-
cizumab 10-15mg/kg every 2 weeks for 2 years. He thereby remai-
ned progression-free during the follow-up of 8 years. Dutta et al.
presented a 4-year old boy with a giant somatotroph adenoma due
to a germline AIP mutation, with immediate progress of a large
tumor remnant after surgery [75]. The patient was immediately
treated by temozolomide 180 mg/m? (5/28 d for 38 months), fol-
lowed 3 months later by fractionated radiotherapy and initiation
of bevacizumab 5-10 mg/kg every 2 weeks (for 35 months), with
clear tumor shrinkage but continuous GH excess (intermittently
treated by octreotide LAR and/or pegvisomant). He then under-
went gamma knife radiotherapy with parallel treatment with oc-
treotide LAR and pegvisomant.

Treatment by mTOR inhibition

Activation of the mTOR pathway is common in human neoplasia
and has also been described in pituitary tumors. The mTOR inhibi-
tor everolimus is approved for a variety of cancer and has demons-
trated clear efficacy in pancreatic neuroendocrine tumors. Jouan-
neau et al. described a case of an initially silent corticotroph carci-
noma with 2 pituitary surgeries, radiotherapies of the sellar region
and subarachnoid metastasis, bilateral adrenalectomy and temo-
zolomide 200 mg/mZ (5/28 d) [76]. With continuous progression,
the patient received salvage therapy with everolimus orally 5 mg/d
for 3 months combined with octreotide LAR 30 mg i.m. every 28
days (stopped after 1 month due to side effects), without any ef-
fect and death of the patient 5 months later. Donovan et al. pre-
sented a case of a corticotroph carcinoma with progressive disease
despite 6 surgeries, radiation therapy, bilateral adrenalectomy, and
chemotherapy with capecitabine and temozolomide [77]. As next
generation sequencing revealed a STK71 mutation in the mTOR pa-
thway, she was started on everolimus 7.5-10 mg/d, with parallel
palliative radiation of bone metastases. She stabilized for>6
months, but eventually developed systemic progression and died
shortly afterwards. Zhang et al. published a case with an aggressi-
ve lactotroph adenoma with progressive tumor growth despite 2
surgeries, radiation therapy and treatment with cabergoline in in-
creasing doses [78]. As he declined chemotherapy with temozoli-
mide, he was started on everolimus 10mg/d combined with caber-
goline 1.5mg/d, leading to disease stabilization for 12 months,
with subsequent rise in prolactin levels.

Effects of tyrosine kinase inhibitors

Activation of tyrosine kinase receptors and their pathways has been
implicated in the pathogenesis of endocrine tumors. Subsequent-
ly, tyrosine kinase inhibitors have been approved for the treatment
of a variety of endocrine tumors, for example, neuroendocrine tu-
mors and medullary thyroid carcinomas. Given the relevance of
EGF receptor signaling for the control of lactotroph cells, Cooper
et al. treated 2 patients with lactotroph adenomas resistant to do-
pamine agonist therapy with lapatinib, a tyrosine kinase inhibitor
with effects on EGF receptor signaling (1250 mg orally for 6
months) [79]. Subject 1 with a giant tumor treated by surgery and
dopamine agonists but increasing tumor size responded to lapati-
nib with a 78 % and 22 % decrease in prolactin levels and tumor size,
respectively, with symptomatic improvements and mild side ef-
fects. Therapy was continued as part of a compassionate use pro-
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gram. Subject 2 with a macroprolactinoma treated by surgery and
dopamine agonists but persistent tumor growth responded to la-
patinib with a 42 % decrease in prolactin, stabilization of tumor size
and clinical improvements.

Use of checkpoint inhibitors

CTLA-4 and PD-1 are important inhibitors of the immune system.
As cancer cells utilize those proteins to evade anti-tumor respon-
ses, inhibitor of CTLA-4 (ipilumab) and PD-1 (nivolumab) have been
developed (so called checkpoint inhibitors), which clearly impro-
ved survival for a variety of cancers. Lin et a. presented a case of a
corticotroph carcinoma with continuous progress after 4 surgeries,
2 radiotherapies, bilateral adrenalectomy, 2 courses of chemothe-
rapy with capecitabine and temozolomide, and chemotherapy with
carboplatin and etoposide [80]. At that time she received investi-
gational treatment with ipilimumab (3 mg/kg every 3 weeks) and
nivolumab (1 mg/kg every 3 weeks), with immediate 10-fold de-
crease of ACTH within 1 week, followed by 92 % and 59 % reductions
in size of her hepatic metastasis and recurrent intracranial compo-
nent, respectively. She received 5 cycles of combined treatment
and was then switched to maintenance therapy with nivolumab,
remaining stable during the follow-up of 6 months.

Summary

The recent European Society of Endocrinology Clinical Practice Gui-
delines for the management of aggressive pituitary tumors and
carcinomas [2] provide an important and clinically relevant basis
for the management of patients with this rare but difficult to treat
disease. In contrast to the usual benign behavior of pituitary ade-
nomas, a subset develops an aggressive course, sometimes even
transforming into carcinomas. Until recently, the therapeutic op-
tions were very limited, after surgery and radiotherapy failed. For-
tunately, data is accumulating on the use of temozolomide as oral
chemotherapy with relatively good tolerability. However, impor-
tant questions remain unsolved: How long should temozolomide
treatment be continued? Preferable combined with radiotherapy?
Are there any reliable markers to predict treatment efficacy (with
evaluation of mgMT status)? And what are second line options in
those patients failing temozolomide?

A number of new therapies have emerged, improving the sur-
vival in various form of cancers. Unfortunately, data on theiruse in
aggressive pituitary adenomas and carcinomas are limited to sin-
gle case reports. Future studies should be carefully designed as
multicenter trials or part of large registries, to include patients in
a prospective way and generate meaningful data, so that the still
very limited prognosis may be improved.
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