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Abstract

Aggressive pituitary neuroendocrine tumors (PitNETs) present significant morbidity, and multimodal therapies including surgery, radiotherapy,
and medications are frequently required. Chemotherapy, particularly temozolomide, is often pursued for tumors that progress despite these
treatments. Although peptide receptor radionuclide therapy (PRRT) using radiolabeled somatostatin analogs is approved for the treatment of
well-differentiated gastrointestinal neuroendocrine tumors, its use in aggressive PitNETs is limited. We describe the case of a 65-year-old
man who presented with vision changes and hypopituitarism at age 33 secondary to a nonfunctioning gonadotroph PitNET. His initial
treatment included a craniotomy followed by radiation therapy. With tumor regrowth, he required transsphenoidal surgeries at age 44 and
age 52. At age 56, further tumor regrowth and a positive octreotide scan prompted treatment with long-acting octreotide for 1 year. Given
absent tumor response, 12 cycles (4 treatment cycles and 8 maintenance cycles) of PRRT with '/’Lutetium-DOTATATE were pursued. This
resulted in partial response with significant tumor shrinkage. Notably, there was no tumor regrowth 40 months after treatment
discontinuation. This is only the second report on the effectiveness of PRRT in patients with aggressive gonadotroph PitNETs. We also
provide an overview of PRRT for PitNETs and describe clinical outcomes previously reported in the literature.
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Introduction . L .
An option that appears promising in selected patients

with aggressive PitNETs is peptide receptor radionuclide
therapy (PRRT) (5, 7). PRRT is a form of radiopharmaceut-
ical therapy, where peptides (small proteins) are labeled
with a radiation-emitting isotope (7). The peptides used
are analogues of somatostatin and they target somatostatin
receptors present in pituitary tumor cells, mainly type 2
(SSTR2) (7). These peptides can be labeled with either
therapeutic isotopes such as Lutetium ('”“Lu) or Yttrium
(°°Y), or diagnostic isotopes such as Gallium (°*Ga) (7).
The compound radiopeptide binds with high affinity to
the desired receptor delivering a targeted form of radiation
therapy (7).

While PPRT has been established for gastrointestinal (GI)
or pancreatic neuroendocrine tumors (NETs), there have
been only case reports or small case series describing PRRT

Clinically relevant pituitary neuroendocrine tumors (PitNETs)
are common (prevalence around 1 in 1000), and most can be
initially managed with surgery; however, up to 50% of non-
functioning tumors may show regrowth after 10 years (1-4).
Metastatic PitNETs (pituitary carcinomas) and aggressive
PitNETs are less frequent with estimated incidences of 0.1%
and 0.5%, respectively (4); often these PitNETs cannot be man-
aged solely with surgery (2). The 2018 European Society of
Endocrinology Clinical Practice Guidelines define an aggressive
pituitary tumor as one that demonstrates radiologic invasion or
has ongoing growth despite conventional treatments, which en-
tail surgery, radiotherapy, or medical therapy (eg, dopamine
agonists or somatostatin analogs) (1, 5). Markers that predict
tumor refractoriness to conventional treatment include a
Ki-67 proliferation index >3 %, increased number of mitoses,
and degree of p53 expression (6).

Additional treatment options for aggressive PitNETs include
temozolomide alone or in combination with radiotherapy
(Stupp protocol) or capecitabine, and recently, immune-
checkpoint inhibitors (1, 2, 5). Other than immune-checkpoint
inhibitors, the use of mechanistic target of rapamycin inhibi-
tors, epidermal growth factor inhibitors, cyclin-dependant kin-
ase inhibitors, and bevacizumab in the treatment of aggressive
PitNETSs remains limited (1, 2, 5).

use for PitNETs, metastatic PitNETSs, or even Gl/pancreatic
NETs that have metastasized to the pituitary, with varying de-
grees of success (6-20).

Herein, we describe the case of a 65-year-old man with a
nonfunctioning aggressive gonadotroph PitNET and subse-
quent use of PRRT resulting in partial tumor response.
Our case adds to the literature on the use of PRRT in
PitNETs, in particular for aggressive gonadotroph PitNETs.

Received: 5 March 2024. Editorial Decision: 20 June 2024. Corrected and Typeset: 15 July 2024
© The Author(s) 2024. Published by Oxford University Press on behalf of the Endocrine Society.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs licence (https://creativecommons.
org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any medium, provided the original work is not altered
or transformed in any way, and that the work is properly cited. For commercial re-use, please contact reprints@oup.com for reprints and translation rights for
reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article page on our site—for further information
please contact journals.permissions@oup.com. See the journal About page for additional terms.


https://orcid.org/0000-0001-9609-0896
mailto:cchik@ualberta.ca
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

JCEM Case Reports, 2024, Vol. 2, No. 7

Figure 1. (A) Coronal MR T1 image of sella showing tumor progression at age 44. Sellar lesion (arrow) measures 24 x 25 x 21 mm. (B) MR sella following
transsphenoidal surgery showing tumor debulking. (C) MR sella showing further tumor progression at age 56 with right optic nerve abutment and left optic

nerve elevation. (D) Octreotide scan demonstrating increased uptake in sella.

Abbreviation: MR, magnetic resonance.

Case Presentation

Our patient initially presented in 1991 (age 33) with vision
loss, fatigue, and temperature intolerance. He was diagnosed
with hypopituitarism and commenced hormone replacement
therapy (cortisone acetate, levothyroxine, and intramuscular
testosterone). Visual field testing confirmed bitemporal hemi-
anopsia. A computerized tomography scan of the sella re-
vealed a 30 x 23 mm sellar lesion with suprasellar extension
and optic chiasm compression. He underwent right frontopar-
ietal craniotomy followed by external beam radiotherapy in 3
fields (4000 Centigray to 90%) at age 34 for residual tumor.

His tumor progressed at age 44 with magnetic resonance im-
aging (MRI) of the sella revealing a 24 x 25 x 21 mm sellar lesion
(Fig. 1A and 1B) that was managed with transsphenoidal resec-
tion. This was repeated at age 52 due to tumor regrowth causing
right optic nerve elevation on repeat MRI. Pathology from the last
2 surgeries revealed a PitNET with focal positivity for FSH con-
sistent with a silent gonadotroph tumor. Additional immunohis-
tochemistry completed recently showed tumor cells positive for
steroidogenic factor 1 and GATA binding protein 3, confirming
gonadotroph lineage. The MIB-1/Ki-67 proliferative index was
low (0 to <3%) with rare p53-immunoreactive nuclei.

He had tumor regrowth atage 56, with MRI revealing right op-
tic nerve abutment and left optic nerve elevation (Fig. 1C). He

was reluctant to pursue repeat surgery with noncurative intent.
With a positive octreotide scan (Fig. 1D), somatostatin analogue
therapy was commenced (octreotide long-acting repeatable
20 mg intramuscular every 4 weeks). Although this led to a reduc-
tion in chromogranin A from 1200 pg/L (normal <94 pg/L) to
70 pg/L, repeat MRI 1 year later did not show tumor shrinkage
(Fig. 2A).

Diagnostic Assessment

Our patient would not consider additional radiotherapy.
Temozolomide probably would have been tried had it been
readily available for the management of aggressive PitNETSs
at our cancer clinic. A partial tumor response of another pa-
tient with a sellar neurocytoma and a positive octreotide
scan prompted a referral for PRRT (7). Our patient’s pretreat-
ment Indium-111 octreotide scan showed focal and moderate
uptake in the sellar mass (Fig. 2B).

Treatment

Access of treatment for our patient was through a clinical
trial (NCT01876771). By protocol, he received 4 induction
treatments of '”’Lutetium-DOTATATE every 10 weeks plus
8 maintenance treatments every 6 months [cumulative dose
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Figure 2. (A) Coronal MR T1 image of sella after 1 year of octreotide long-acting repeatable 20 mg intramuscular every 4 weeks showing persistent sellar
lesion (arrow). (B) Indium-111 octreotide single photon emission computed tomography demonstrating moderate uptake in the sellar lesion. (C) MR sella
after 4 treatment cycles of '”’Lu-DOTATATE showing no significant tumor shrinkage. (D) MR sella after 8 maintenance cycles of '”’Lu-DOTATATE showing

partial tumor response.

Abbreviation: MR, magnetic resonance.

46.13 Gigabecquerel (GBq)]. An amino acid solution was ad-
ministered for nephroprotection with each PPRT cycle.

Outcome and Follow-up

PRRT had no significant effect on the tumor size after the 4
treatment cycles (Fig. 2C). However, there was partial tumor
shrinkage after the 8 maintenance cycles (Fig. 2D). In addition
to MRI, response was also assessed by posttherapy scan using
the gamma emission of the therapeutic dose.

Other than nausea, fatigue, thrombocytopenia, and creatin-
ine elevation (all transient and grade 1), the patient tolerated
the treatment well. At his most recent follow-up, 40 months
after PRRT discontinuation, his sellar MRI showed a stable le-
sion. A recent Gallium-68 DOTATATE scan showed an oc-
treotide avid and stable sellar lesion. His recent visual field
assessment showed mild upper bitemporal constriction that
has been stable after his initial craniotomy.

Discussion

Surgery, radiotherapy, and medications (dopamine agonists
or somatostatin analogues) remain well-established first-line

therapies for the management of PitNETSs (1-3). As outlined
by the 2018 European Society of Endocrinology Clinical
Practice Guidelines, temozolomide (+ radiotherapy) should
be pursued for aggressive pituitary tumors refractory to stand-
ard management (1). For tumors that require further interven-
tion, the guidelines do not provide specific recommendations
(1). Although immune-checkpoint inhibitors have recently
emerged as a therapeutic modality, PRRT may also represent
an alternate treatment option (2).

Table 1 provides a summary of the 27 cases of PRRT use for
pituitary masses that have been reported in the literature, as
well as our patient (6-20). However, 2 cases have virtually
no clinical information (15), and 3 additional case reports
used PRRT primarily for treatment of Gl/pancreatic NETs
(13,19, 20). Among the remaining 22 cases, PRRT has vary-
ing rates of response, with 8 cases demonstrating a decrease
in tumor size (partial response), 4 cases showing tumor size
stabilization (stable disease), and 10 cases with tumor pro-
gression (progressive disease). The success rate (partial re-
sponse + stable disease) of PRRT of 54.5% (12/22) is higher
than the 33% reported in a previous case series and slightly
higher than the rate in a recent review of 47% (2, 11). This
is likely because 2 additional cases (1 by Lin et al and our
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current case) both increase the success rate (8). In patients
with partial response or stable disease after treatment with
PRRT, the reported duration of progression-free survival
ranged from 6 to 180 months, with a median and mean dur-
ation of 25 months and 47 months, respectively. In the res-
ponders, the cumulative dose of treatment was 27.97 GBq.
As reported previously, a lower Ki-67 index was associated
with better outcomes (7).

The use of PRRT in the treatment of pituitary lesions was
first reported in 2008 when an ileal NET that had metasta-
sized to the pituitary was managed with *°Y-DOTATOC
and '"Lu-DOTATATE (20). Treatment for a de novo pituit-
ary mass with PRRT was first pursued in 2012 when Baldari
and colleagues administered '''In-DTPA-ocreotide for the
treatment of a giant prolactinoma refractory to transsphenoi-
dal surgery, radiation therapy, and dopamine agonists (12).
Another study in 2012 used '”’Lu-DOTATATE in a patient
with multiple endocrine neoplasia type 1 with simultaneous
pancreatic and pituitary NETs (13). Since 2014, PRRT has
mainly been used after temozolomide has failed, as outlined
by a case series of 3 patients (14). To date, PRRT has been
used (1) for aggressive functioning and nonfunctioning
PitNETs (including metastatic PitNETs), (2) for multiple
endocrine neoplasia type 1 with pituitary and extra-pituitary
tumors, and (3) synergistically with immune-checkpoint in-
hibitors (6-20). Notably, most cases of PRRT use entailed
functioning PitNETs compared to nonfunctioning PitNETs
(13/22 vs 9/22; see Table 1). Adverse outcomes from PRRT in-
clude cytopenia, renal injury, liver injury, and the long-term
risk of myelodysplastic syndrome and leukemia (21).

Our patient received PRRT given a positive octreotide scan
and his decision against pursuing a fourth surgery with non-
curative intent. Our patient had a partial response to PRRT
with tumor shrinkage, and his disease has remained radio-
logically stable without progression or change in visual field
deficit; currently it has been 40 months since the end of treat-
ment and nearly 101 months since the first treatment. As per
our PRRT protocol, our patient had 12 treatments with a cu-
mulative dose of 46.13 GBq of '"’Lutetium-DOTATATE,
which is higher than the average dose of 25.96 GBq reported
in the literature but similar to the cumulative dose of salvage
PRRT for NETs (22). Although there was no change in the tu-
mor size with the initial 4 treatment cycles (total dose 20.6
GBq), partial response was achieved with additional mainten-
ance treatments (total dose 25.6 GBq). Currently, there is no
consensus on the optimal dose or duration of PRRT for treat-
ment of aggressive PitNETs.

A pituitary tumor of gonadotroph lineage was confirmed in
our patient via positive immunohistochemistry for steroido-
genic factor 1 and GATA binding protein 3. This represents
the second patient with an aggressive gonadotroph PitNET
treated with PRRT, with the other patient presenting with a
gonadotroph pituitary carcinoma (18); however, 5 additional
patients with nonfunctioning PitNETs have received PRRT
(6,7,9, 11, 14). The previous patient with gonadotroph car-
cinoma had a progression-free survival of 4 years with PRRT
(18). Unlike other pituitary tumors, gonadotroph PitNETs re-
present a unique treatment challenge because there is a paucity
of treatment options beyond surgery and radiotherapy (23).
Somatostatin analogues and high-dose cabergoline have lim-
ited efficacy, and even temozolomide seems to be less effica-
cious (23). A previous case-control study of patients with
nonfunctioning PitNETs demonstrated no tumor shrinkage

with octreotide long-acting repeatable in all 26 patients with
tumor size increase in 5 of 26 patients (19%) (24).

Our patient’s Ki-67 proliferation index was low (0 to <3%)
even though he had a clinically aggressive PitNET. In general,
aggressive PitNETs are presumed to have a Ki-67 index
>10%, with even higher Ki-67 indices in metastatic PitNETSs
(2). However, a low Ki-67 index does not necessarily preclude
aggressive PitNET behavior or metastatic potential (2). A limi-
tation of our study is that we cannot exclude a higher Ki-67
index in surgical samples from other time points or other areas
of the tumor because Ki-67 indices can fluctuate as much as
5% t025% (17). This case of a patient with a low Ki-67 index
and durable response to PRRT aligns with the association of
low Ki-67 indices with better outcomes as described in the lit-
erature (2).

Learning Points

e Aggressive PitNETs often require additional treatment
beyond conventional multimodal therapies (surgery, radi-
ation, and medications) such as temozolomide.

e PRRT represents a potential tool for the management of
aggressive PitNETs, particularly when there is regrowth
despite conventional therapy.

e Further information is needed to establish PRRT dosing
and understand factors that predict responsiveness and
the sequence of use in relation to other treatments for
PitNETs.
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