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CASE SUMMARY

A 56-year-old female presented
with acute-onset third cranial nerve
palsy. Her history is significant for a
pituitary macroadenoma (Figure 1A)
treated with subtotal resection (STR)
6 years prior (Figure 1B). One year
after STR, she developed progressive
disease and underwent intensity-mod-
ulated radiotherapy (IMRT) (45 Gy/25
fractions).

Three years after completing IMRT,
MRI again demonstrated disease pro-
gression (Figure 2A) requiring repeat
STR. Pathology demonstrated pituitary
adenoma with Ki-67 of 75%. Six weeks
postoperatively, the patient required
admission for rapidly progressive leth-
argy. MRI demonstrated further pro-
gression; given the aggressive nature of
this lesion and her prior radiotherapy,
she underwent concurrent pulsed low-
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dose rate IMRT (54 Gy/27 fractions)
with temozolomide (TMZ) (Figure
2B).1?

One month after completing
chemoradiotherapy, repeat MRI
demonstrated stable sellar disease with
blood products in the right middle cra-
nial fossa (Figure 3A). However, at
this time she detected a right subman-
dibular mass (Figure 3B). Biopsy was
consistent with metastatic pituitary
carcinoma and she underwent a resec-
tion of the right submandibular gland
and lymph node. Three months later,
she developed a right parotid mass
(Figure 4A) requiring parotidectomy
and supraomohyoid neck dissection,
again consistent with metastasis. Post-
operatively, she underwent unilateral
neck IMRT (55 Gy/20 fractions) (Fig-
ure 4B) utilizing an accumulated dose
plan (Figure 4C).

IMAGING FINDINGS
Imaging of the submandibular mass
demonstrated a heterogeneous, mildly
enhancing 3.4 cm lymph node adja-
cent to the right submandibular gland
(Figure 3B). At the time of her parotid
metastasis, CT of the neck demonstrated
a 3.1 cm right parotid mass (Figure

4A) extending into the deep lobe of the
parotid gland.

DIAGNOSIS

Pituitary macroadenoma with
malignant transformation to a pitu-
itary carcinoma accompanied by right
parotid and submandibular lymph
node metastases.

DISCUSSION

While pituitary adenomas are com-
mon benign tumors, they nevertheless
may result in significant morbidity sec-
ondary to mass effect or secretory phe-
nomena. Invasive adenomas, which
account for 25-55% of adenomas, exhibit
more aggressive and locally invasive
behavior.> Although the 2004 WHO
classification of pituitary tumors is
grounded in secretory products, a subset
of “atypical” or “aggressive” invasive
adenomas was also delineated.>* These
adenomas are typically characterized
by a high mitotic index, Ki-67 = 3%,
and extensive positive staining for p53.
The significance of this delineation is
apparent in the 2 proposed tumorigene-
sis models of pituitary carcinomas: the
sequential and de novo models.* While
the first model reflects an adenoma-to-
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FIGURE 1. (A) Coronal view of macroadenoma (3.3 x 4.5 x 4.9 cm) upon initial presentation
demonstrates a sellar mass invading through the right cavernous sinus into the middle cra-
nial fossa. The infundibulum and optic chiasm have been displaced to the left. (B) Coronal
view of stable lesion (3.2 x 3.3 x 4.3cm) following first STR.

FIGURE 2. (A) Coronal view of second recur-
rence (3.9 x 4.0 x 4.3 cm) upon presenta-
tion with third cranial nerve palsy. (B) Pulsed
low-dose rate IMRT plan demonstrating CTV
(solid blue), 54 Gy isodose line (green), and
45 Gy isodose line (purple).

carcinoma sequence, the second suggests
that aggressive adenomas form de novo
with the potential for subsequent malig-
nant transformation. In both models, the

significance of the aggressive adenoma is
paramount, as it represents the precursor
lesion to pituitary carcinoma in the vast
majority of cases.

Given the rarity of metastasis in
patients with primary pituitary lesions,
it has historically been difficult to dis-
tinguish pituitary carcinoma from
aggressive adenoma.’> Moreover, most
patients with pituitary carcinoma
exhibit histories such as that described
here, with sequential progression from
benign adenomas with low prolifer-
ative indices to aggressive adenomas
with the ultimate development of
metastasis.® Despite this challenge,
pituitary carcinomas are exceedingly
rare. While pituitary tumors account
for 10-15% of central nervous system
neoplasms, pituitary carcinomas rep-
resent 0.1-0.2% of pituitary tumors
and require evidence of craniospinal or
systemic metastasis for diagnosis.>*’

The natural history of pituitary carci-
nomas differs with respect to the degree
of local invasion and sites of metasta-
sis. The clinical features of invasion
and mass effect include pain and cra-
nial nerve palsies. In general, patients
with macroadenomas may classically
experience bitemporal hemianopsia,
decreased visual acuity, ptosis, diplo-
pia and facial numbness.? While this
report is of a nonsecretory carcinoma,
the majority of pituitary carcinomas
are secretory; as such, patients may
present with signs and symptoms of
Cushing’s disease, hyperprolactinemia,
or acromegaly.” Although the 5-year
overall survival for invasive adenomas
is approximately 80%, pituitary carci-
noma confers a 30% 5-year survival,
with systemic metastasis more common
than craniospinal metastasis.®

Radiologic differentiation of pitu-
itary carcinomas from aggressive
adenomas is generally not possible in
the absence of observed metastasis.®?
Both lesions may reveal invasion of
the clivus, sellar floor, and cavernous
sinus with intracranial extension.>*
Following definitive or adjuvant
therapy, recurrence is not only more
common but also more rapid among
carcinomas, with a median time to
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FIGURE 3. (A) Coronal view of stable sel-
lar disease following pulsed low-dose rate
IMRT with blood products in the right mid-
dle cranial fossa. (B) Contrast-enhanced
neck CT demonstrating a mildly enhancing
right submandibular lymph node (3.4 x 2.8
x 2.4 cm). The node displaces the subman-
dibular gland posteriorly.

FIGURE 4. (A) Contrast-enhanced neck CT
demonstrating a right parotid mass (2.7 x
3.1 x 2.8 cm) extending into the deep lobe of
the parotid gland. (B) Unilateral neck IMRT
plan following parotidectomy and neck dis-
section with CTV (solid yellow) and 50 Gy
isodose line (purple). (C) Accumulated plan
of radiotherapy courses demonstrating
pituitary CTV (solid blue), neck CTV (solid
yellow), 75 Gy isodose line (red), 55 Gy iso-
dose line (green), and 50 Gy isodose line
(purple).

recurrence of 6-12 months and a median
time to metastasis of 5 years.>’ Meta-
bolic imaging with positron emission
tomography/computed tomography
(PET/CT) offers higher sensitivity than
MRI for detection of metastasis; more-
over, octreotate-bound nuclides such
as 68Ga may be superior to 18F-FDG
for detection of metastasis and local
recurrence. !

Pathologic differentiation between
aggressive adenomas and carcinomas
is similarly challenging. Normal pitu-
itary tissue exhibits a low rate of cellular
division and, thus, adenomas generally
exhibit Ki-67 < 2%.* Staining above 3%
has been suggested to offer reasonable
sensitivity (73%) and specificity (97%)
for distinguishing invasive from non-
invasive behavior.””!! Nuclei for high-
grade lesions are hyperchromatic and
accompanied by prominent nucleoli.
Immunohistochemical staining to p53
offers excellent sensitivity for malig-
nant lesions: While 15% of invasive
adenomas are p53 positive, 100% of
carcinomas are positive.*'? Benign and
malignant histologies may both stain
with antibodies to pituitary hormones;
as such, this is less helpful for identify-
ing carcinoma, but is crucial for medi-
cally directed therapies.” Although no
single test may diagnose pituitary carci-
noma before observed metastasis, cer-
tain clinicopathologic prognostic criteria
have been proposed, including a com-
bination of Ki-67 > 3%, > 2 mitoses per
high-powered field, and p53 positivity.’

Unfortunately, many patients with
aggressive pituitary lesions will suffer
multiple recurrences, which may require
repeat radiotherapy. This presents a
challenging situation due to nearby crit-
ical structures including the optic nerves,
optic chiasm, brainstem and the carotid
arteries. A repeat course of fraction-
ated radiation therapy is a possibility for
some patients after careful consideration
of treatment options, interval since first
course of radiation therapy, and details of
prior radiation treatment. '
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In this case, we extrapolated from
the glioblastoma literature and utilized
a pulsed low-dose rate technique in
hopes of minimizing late toxicity.>!*
This technique relies on the radiobi-
ological advantage of normal tissue
repairing sublethal damage when
exposed to dose-rates between 0.01
and 1.00 Gy/min. Furthermore, recent
literature has indicated that cytotoxic
chemotherapy with temozolomide
(TMZ) can provide clinical and radio-
graphic response rates of 60-70%.!
While MGMT (O-6-methylgua-
nine-DNA methyltransferase) meth-
ylation is prognostic for glioblastoma,
there appears to be no correlation
between response to TMZ and MGMT
methylation status in patients with
aggressive pituitary tumors. !>

In the present report, pathologic
data highlighted this challenge in dis-
tinguishing aggressive adenoma from
carcinoma. Tissue from the first stage
of repeat STR demonstrated a Ki-67
index focally in excess of 75%, with
15-20% staining with p53. In the sec-
ond stage, Ki-67 index was 3-4%
focally and p53 staining was < 5%.
One month later, correlation with
MRI demonstrated a heterogeneously
enhancing mass suggestive of marked
recurrence, followed shortly thereafter
by clinically evident metastasis.

CONCLUSION
In this report, a 56-year-old female
exhibited an adenoma-to-carcinoma

tumorigenesis sequence with metasta-
sis to submandibular lymph nodes and
the parotid gland. While differentiating
aggressive adenomas from carcinomas
is challenging, certain clinicopathologic
criteria may offer insight into the risk
for malignant transformation. This dif-
ferentiation is clinically significant, as
a diagnosis of pituitary carcinoma con-
fers a 5-year survival of 30%.

Despite prognostic differences, both
aggressive adenomas and pituitary car-
cinomas require multidisciplinary care.
Emerging diagnostic and therapeutic
technologies in the form of metabolic
imaging and targeted therapies may
provide additional benefit in the moni-
toring and treatment of these lesions.
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