Stereotactic Radiosurgery for Pituitary Carcinoma
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Abstract A pituitary carcinoma (PC) is a rare neoplasm,
accounting for only 0.2% of pituitary tumors, and is defined
by the presence of noncontiguous metastatic disease. Its
management requires a multimodal approach including sur-
gery, irradiation, and medical therapy. Stereotactic radiosur-
gery (SRS) by means of the Gamma Knife or CyberKnife
may be considered potentially useful in such cases. It has
mainly been applied for localized metastases and symptom-
atic lesions, but it may also be effective in control of aggres-
sive tumor growth at the primary site after sufficient surgical
debulking of the lesion. Given the infrequency of PC and
their heterogeneous nature with regard to the histopathologi-
cal type, local extension, and location of metastases, large
clinical series have not been compiled to date. While, in such
cases, SRS is certainly not curative and does not prevent dis-
ease progression, it is quite reasonable to incorporate this
treatment option into a multimodal management strategy and
apply it judiciously at the treating clinician’s discretion on a
case-by-case basis.
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Introduction

While the majority of pituitary adenomas (PA) are benign
and slow-growing lesions, they frequently demonstrate
somewhat invasive growth [1, 2]. Additionally, certain
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histological subtypes of these tumors (e.g., sparsely gran-
ulated somatotroph adenomas, silent corticotroph adeno-
mas, and Crooke cell adenomas) are more prone to
invasion and to difficulty in achieving persistent remis-
sion [3]. However, despite frequent locally invasive or
clinically aggressive behavior, only 0.2% of PA eventu-
ally metastasize [4]. The presence of noncontiguous
metastasis (but not specific histological features) defines
a pituitary carcinoma (PC).

General Characteristics of Pituitary
Carcinomas

PC often show acquisition of mutations in 7P53 and signifi-
cantly increased MIB-1 immunolabeling for Ki-67 protein
[2, 5]. However, in some cases, the MIB-1 index is low and
overlaps with the expected values seen in benign PA (i.e.,
<3%) [2, 6]. Whereas only half of PA are hormone-secreting,
nearly 90% of PC have detectable hormone production
[7-10], and the majority of them secrete either prolactin or
adrenocorticotropic hormone (ACTH) [8].

Although there is typically a delay (mean 6.5 years) from
diagnosis of a PA to development of metastatic disease,
such tumors are rapidly progressive once they show noncon-
tiguous spread. The overall survival rate of patients at 1 year
after diagnosis of the first metastasis is only 33% [9]. While
initial management of PA (other than prolactinomas) is usu-
ally microsurgical tumor resection, PC require a multimodal
treatment strategy including surgery, irradiation, and medi-
cal therapy. Nevertheless, because of the rarity of these
tumors, neither treatment outcomes nor management para-
digms—specifically, in regard to fractionated radiotherapy
(FRT), stereotactic radiosurgery (SRS), chemotherapy, or
their combination—have been fully defined.

M. E. Chernov et al. (eds.), Gamma Knife Neurosurgery in the Management of Intracranial Disorders I1, 43
Acta Neurochirurgica Supplement 128, https://doi.org/10.1007/978-3-030-69217-9_5, © Springer Nature Switzerland AG 2021


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-69217-9_5&domain=pdf
https://doi.org/10.1007/978-3-030-69217-9_5#DOI
mailto:imccutch@mdanderson.org

44

G. U. Mehta and I. E. McCutcheon

Radiotherapy and Stereotactic Radiosurgery
for Pituitary Adenomas

Irradiation of the sellar and parasellar area has been used to
treat PA since the early 1900s and constitutes an important
adjunct to their management [7, 11, 12]. Nowadays, treat-
ment may be done either as conventional FRT or as SRS, and
both of these techniques have increasingly become a stan-
dard second-line therapeutic option for several types of PA,
including ACTH-secreting tumors (causing Cushing’s dis-
ease), growth hormone (GH)—secreting tumors (resulting in
acromegaly or gigantism), and carefully selected nonfunc-
tioning pituitary tumors [7, 13].

Therapeutic irradiation over multiple fractions offers the
benefit of reduced cranial nerve toxicity, particularly for
lesions adjacent to the optic apparatus [14]. Conversely, SRS
allows highly selective and conformal high-dose single-
session treatment—in particular, resulting in a shorter time
to remission in cases of hormone-secreting PA [15-17]. This
modality is based on precise stereotactic localization of a
radiographically defined target and focusing of converging
beams of irradiation on it with a steep dose falloff at the mar-
gin of the treatment volume. The most common technologi-
cal devices used for SRS of PA are the Leksell Gamma Knife
(Elekta AB; Stockholm, Sweden), which is typically a
frame-based technique, and the CyberKnife (Accuray;
Sunnyvale, CA, USA) which allows for frameless treatment,
thus facilitating administration of multisession SRS and
hypofractionated stereotactic radiotherapy (SRT). Usually,
the prescribed marginal dose in cases of nonfunctioning PA
ranges from 12 to 20 Gy, but it is greater (from 18 to >25 Gy)
in hormone-secreting tumors, since the goals of SRS in such
cases include both lesion growth control and endocrine
remission [18].

Impact of Radiotherapy on Tumorigenesis
of Pituitary Carcinomas

Many patients who eventually develop a PC initially present
with a locally invasive tumor and multiple recurrences at the
primary site. Because, in such cases, FRT is often part of
combined treatment, it has been suggested that irradiation
itself may have an impact on tumorigenesis of PC. Lall et al.
[19] found that in 45 out of 46 reported cases of such tumors
(98%), sellar/parasellar irradiation was given before appear-
ance of metastases. However, a “post hoc ergo propter hoc”
fallacy must be avoided; it is evident that FRT is more likely
to be recommended for locally aggressive neoplasms [20].
Of note, other authors have not found the aforementioned
association. In an earlier review, Mountcastle et al. [21]

noted that fewer than half of the patients with PC (18 out of
38) had previously received sellar irradiation. In concor-
dance, analysis of the Surveillance, Epidemiology, and End
Results (SEER) database revealed seven cases of PC, but
only in one of them was FRT given beforehand [22].

Radiotherapy for Pituitary Carcinomas

Although conventional FRT has been utilized for scattered
cases of PC for several decades, few related data have been
reported. For example, on the basis of a clinicopathological
study, Pernicone et al. [9] presented one of the largest series
of such tumors and briefly noted that 10 out of 15 patients
received radiotherapy for treatment of metastases, but they
did not provide either treatment details or outcome data.
Given the infrequency of PC and their heterogeneous nature
(in particular, with regard to the histopathological type, local
extension, and location of metastases), large clinical series
have not been compiled to date. Nevertheless, analysis of the
several case reports that have described application of FRT
for pituitary tumors with metastatic spread and the results of
such treatment allows some understanding of the radiobiol-
ogy of these rare neoplasms.

Efficacy of Combined Treatment

FRT has not typically been used as a stand-alone treatment
for distant metastases or aggressive local extension of PC
(Table 1). Two reports have described its postoperative
administration after surgical tumor debulking, which
resulted in local control for 3 years in one patient [6] and for
5 years in another [25]. Alternatively, FRT has been applied
concurrently with systemic anticancer drugs, such as cispla-
tin, temozolomide (TMZ), and the mammalian target of
rapamycin (mTOR) inhibitor everolimus [6, 23, 24, 26]. In
one patient, chemotherapy with cisplatin combined with
spinal irradiation resulted in tumor control for 2 years and a
reduction in radicular pain [23]. In two other comparable
cases of thoracic vertebral body and pelvis/sacrum metasta-
ses treated by a combination of everolimus and FRT, short
follow-up periods precluded analysis of treatment effective-
ness, but at least one patient experienced symptomatic
improvement [26]. In two reports, irradiation was adminis-
tered concurrently with TMZ and provided effective
medium-term tumor growth control (for 1-1.5 years) [6,
24]. Of note, chemotherapy with TMZ, an alkylating agent
with good penetration through the blood—brain barrier, may
result in an initial response of the PC, but these neoplasms
still progress eventually [27-29]. Finally, one patient, in



Stereotactic Radiosurgery for Pituitary Carcinoma 45
Table 1 Previously reported cases of fractionated radiotherapy (FRT) for pituitary carcinoma
Characteristics Total Number Adverse
of pituitary Site of treated Treatment dose  of Concurrent radiation
Study tumor tumor modality (Gy) fractions therapy Outcome effects
Beauchesne Gonadotropin- Diffuse spinal FRT 30 15 Cisplatin Tumor control None
etal. (1995)  secreting spread for 2 years,
[23] improved
sciatica
Morokuma Nonfunctioning ~ Diffuse meningeal WBRT 30 ND T™Z Tumor Hair loss,
etal. (2012) spread regression for mild bone
[24] 1.5 years marrow
suppression
Arnoldetal.  ACTH-secreting L2-L3 intradural Postoperative ND ND None Local None
(2012) [25] extramedullary local-field FRT recurrence
tumor 5 years later
Kamiya- Nonfunctioning  Cervical lymph FRT 54 28 T™Z Tumor control None
Matsuoka (case 1) nodes, local for 1 year
et al. (2016) extension into
[6] infratemporal
fossa
ACTH-secreting  Local extension Postoperative 45 25 None No local None
(case 2, lesion 1) into orbit local-field FRT recurrence
within 3 years
ACTH-secreting  Portacaval lymph ~ Hypofractionated 70 10 T™MZ Tumor control ~ None
(case 2, lesion 2) node SRT for 2.5 years
Donovan ACTH-secreting  Pelvis/sacrum FRT 30 ND Everolimus  Tumor control None
et al. (2016) (lesion 1) for 4 months
(26] ACTH-secreting T9-T10 vertebral ~ FRT 30 ND Everolimus  Pain None
(lesion 2) bodies improvement,

otherwise ND

ND no data, SRT stereotactic radiotherapy, TMZ temozolomide, WBRT whole-brain radiotherapy

addition to postoperative local-field FRT for a tumor extend-
ing into the orbit, received hypofractionated SRT (70 Gy in
ten fractions) concurrently with TMZ for portacaval lymph
node metastasis, which resulted in its control for 2.5 years
[6]. Overall, these data suggest that while the results of FRT
alone for PC are generally unknown, its combination with
chemotherapy may contribute to effective local tumor con-
trol, at least during medium-term follow-up. Importantly,
the treatment has usually been well tolerated, and minimal
adverse radiation effects have been noted.

Stereotactic Radiosurgery for Pituitary
Carcinomas

In our own experience, SRS is used most commonly to treat
focal metastases of PC defined on magnetic resonance imag-
ing (MRI), and is applied less often for sellar/parasellar
tumors themselves, since prior surgery and proximity to the
optic nerves and chiasm impose more ambiguous radio-
graphic margins of the target lesion and limit radiation

dosimetry. Moreover, as a result of previous FRT, adjacent
critical neurovascular structures’ tolerance of additional
high-dose irradiation may be significantly decreased.

We were able to identify only two reports (Table 2) on
SRS for metastasizing pituitary tumors—that is, for true PC.
In both cases, the neoplasm initially presented as a prolacti-
noma. Phillips et al. [30] described a patient who had aggres-
sive local growth of the tumor at the primary site and
presented with a dural-based metastasis in the right temporal
area 22 months after the initial manifestation of the disease.
Gamma Knife surgery (GKS) targeted the sellar/parasellar
lesion and resulted in its shrinkage, but the untreated tempo-
ral mass continued to grow. Despite salvage chemotherapy
with TMZ, the patient died 15 months after irradiation [30].
Park et al. [31] reported a PC metastasizing into the fourth
ventricle 7 years after its initial presentation and manage-
ment. The tumor was subtotally resected, and the residual
mass was treated with GKS (with a marginal dose of 16 Gy
at the 50% isodose line), which led to its control during
3 years of follow-up [31]. The treatment results described in
these reports corroborate our own experience in similar cases
well (Figs. 1 and 2).
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Table 2 Previously reported cases of stereotactic radiosurgery for pituitary carcinoma

Number Adverse

Characteristics of ~ Site of Treatment Prescription  of Concurrent radiation
Study pituitary tumor treated tumor modality dose (Gy) sessions therapy Outcome effects
Phillips Prolactinoma Sella, right GKS ND 1 None Regression of None
et al. cavernous treated tumor,
(2012) sinus growth of untreated
[30] lesions
Park etal.  Prolactinoma Fourth Postoperative 16 1 None Tumor control for ~ None
(2014) ventricle GKS for a 3 years
[31] residual tumor

GKS Gamma Knife surgery, ND no data

Fig. 1 An 8l-year-old woman with a dural-based metastasis noted
7 years after presentation with a prolactin-secreting pituitary macroad-
enoma. Therapy with a dopamine agonist at the time of initial diagnosis
proved ineffective in controlling tumor growth; thus, the intra- and
suprasellar portions of the lesion were removed via the transsphenoidal
approach. Subsequently, the patient underwent two left-sided cranioto-
mies for resection of the relapsing neoplasm and received adjuvant
fractionated radiotherapy for a residual mass in the left cavernous sinus.
Three months after her second craniotomy, tumor metastasis was dis-
closed. Magnetic resonance imaging (MRI) demonstrated a nodular

Because of the paucity of reports on PC treated with SRS
after the appearance of metastatic spread, analysis of the
results of such treatment in locally aggressive pituitary
tumors just prior to development of metastases may give
some insight into the radiobiological characteristics of these
lesions. Sufficient surgical debulking of the neoplasm via the
transsphenoidal or transcranial approach before irradiation
may be an important prerequisite for attainment of an opti-
mal outcome, since it allows reduction of the target volume
and decompression of adjacent neurovascular structures—in
particular, the anterior visual pathways. Ono et al. [32]

contrast-enhancing lesion adjacent to the left frontobasal dura
(a, arrow), which had not been visible during the prior imaging exami-
nation. At that time, the patient’s serum prolactin level was 727 ng/mL,
and MRI showed residual fibrosis and an invasive tumor in the left side
of the sella and in the superior portion of the adjacent cavernous
sinus (b). Growth of the metastatic tumor was well controlled by
Gamma Knife radiosurgery, with a marginal dose of 20 Gy delivered at
the 50% isodose line. However, 7 months later, multiple new dural-
based metastases appeared, shortly before the death of the patient from
pneumonia

described a patient complaining of double vision caused by
an ACTH-secreting PA, who underwent transsphenoidal
removal followed by GKS (with a marginal dose of 25 Gy)
for a residual mass in the right cavernous sinus. The treat-
ment resulted in resolution of diplopia at 3 months after irra-
diation, but 8 months later, the tumor demonstrated extensive
regrowth into the temporal bone, resulting in lower cranial
nerve palsy. The patient underwent repeat GKS (with a mar-
ginal dose of 15 Gy), which, again, resulted in resolution of
symptoms. However, 3 months later, a new tumor recurrence
was confirmed in the right cavernous sinus; thus, GKS (with
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Fig.2 A 23-year-old woman with metastasis to the lower clivus noted
8 years after presentation with clinical hypercortisolism caused by an
adrenocorticotropic hormone (ACTH)-secreting pituitary macroade-
noma with suprasellar extension and invasion of the right cavernous
sinus. The patient underwent (in succession) transsphenoidal tumor
debulking, craniotomy for further tumor debulking, fractionated radio-
therapy for the residual lesion (total dose 48.8 Gy), a second craniot-
omy, and chemotherapy, first with capecitabine and temozolomide, and
then with carboplatin and 5-fluorouracil (which yielded tumor shrink-
age and lowered, but did not normalize, her plasma ACTH level).

As the clival metastasis (a) demonstrated resistance to chemotherapy
and continued to grow, at 2 years after its initial discovery, it was treated
with Gamma Knife radiosurgery, with a marginal dose of 16 Gy deliv-
ered at the 50% isodose line (b; the isodose lines corresponding to 24,
16, and 8 Gy are shown; note the minimal irradiation of the adjacent
brainstem). After treatment, the lesion demonstrated a prominent vol-
ume reduction and a sustained and durable response. Four years later,
the patient remained alive with radiographically stable disease and par-
tially controlled hypercortisolism
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Fig.3 Fractionated stereotactic radiotherapy (SRT) of a recurrent pitu-
itary carcinoma, resulting in local tumor control. A 37-year-old man
presented with diplopia caused by a nonfunctioning pituitary macroad-
enoma and underwent subtotal lesion resection via the transsphenoidal
approach and subsequent Gamma Khnife radiosurgery for a residual
mass at a different institution. The tumor responded to treatment but
demonstrated regrowth 3 years later. Four years after the initial presen-
tation, repeat transsphenoidal surgery was performed at our hospital,
but the neoplasm relapsed within 1 year, which required its additional
removal via right-sided craniotomy. With histopathology revealing an
MIB-1 index of 7.1% and 3 mitoses per 10 high-power fields, further
rapid progression within and adjacent to the right cavernous sinus was
noted 6 months later (a). Because of the proximity of the optic appara-
tus and previous radiosurgery, fractionated SRT using the CyberKnife,

a marginal dose of 15 Gy) was performed for the third time
and led to resolution of the presenting diplopia within
1 month. Unfortunately, 9 months later, the patient was
diagnosed with multiple liver metastases [32]. A very similar
case from our own practice has been reported in part previ-
ously (Fig. 3) [33].

Taken together, the findings from these cases of PC treated
with SRS after and before metastatic spread suggest that this
treatment modality may be effective for controlling both
noncontiguous tumors and aggressive growth of the neo-
plasm at the primary site. Although stereotactic irradiation is
certainly not curative and does not prevent remote disease
progression, it may be useful for management of localized
disease and symptomatic lesions. Moreover, as with PA in
general, this treatment modality is likely to be specifically
effective in a particular subset of patients, but, obviously, it
cannot be defined without analysis of larger series, which are
currently not available. Therefore, further studies performed
on a multi-institutional basis, and preferably in a prospective
fashion, are required for clarification of the indications for

with a total dose of 45 Gy delivered in 25 fractions, was performed (b).
Although the right cavernous sinus lesion eventually regressed, out-of-
field tumor progression in the sella and left cavernous sinus was
noted (c). This recurrence coincided with the onset of multiple metasta-
ses in the interpeduncular fossa, the posterior fossa dura, the cerebel-
lum, and the intradural extramedullary space at the level of C2. The
patient underwent repeat craniotomy for decompression of the anterior
visual pathways and was started on temozolomide; however, it had lim-
ited efficacy. He died from slow but unrelenting disease progression
with extensive metastatic spread of the tumor both within the neuroaxis
and to systemic sites. In total, he survived for 13 years after the initial
diagnosis and 5 years after the first appearance of metastases.
(Reproduced in part from McCutcheon [33])

SRS, its efficacy, and the durability of the tumor response in
patients with PC.

Conclusion

Few systematic studies exist on the use of SRS in cases of PC.
As the histology and location of tumors, the functional status
of patients, and the total disease burden have varied widely
across the reported cases, meaningful clinical conclusions
cannot be reached. Nevertheless, the occasionally reported
results suggest that this modality may have a role in initial and
salvage treatment of patients with such neoplasms. While no
class I-1II evidence on the use of SRS for PC currently exists,
it is quite reasonable to incorporate this treatment option into
a multimodal management strategy and apply it judiciously at
the treating clinician’s discretion on a case-by-case basis.
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