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Pituitary Carcinomas
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Abstract

Pituitary carcinomas are defined by their metastatic growth. Most of them also invade
into surrounding tissues. They should be classified by the site of their metastases {(cere-
brospinal, systemic, or combined) and by the presumable cell type of origin, respectively
with the hormone being demonstrable by immunohistochemistry (adrenocorticotrophic
hormone [ACTH], prolactin [PRL], growth hormone [GH], hormone-negative). Pituitary
carcinomas develop from invasive adenomas. Nearly all tumors had been treated by sur-
gery or X-ray before they metastasized. Since 1976, 37 cases demonstrated with modern
methods were reported: 23 had metastasized into the brain or meninges, 10 showed
extracerebral metastases, and 4 showed both types of metastases. In our collection of
pituitary tumors, three carcinomas (0.13%) were identified: two with systemic metastases
(one ACTH secreting and one PRL secreting) and one with meningeal dissemination and
ACTH production. The diagnosis of pituitary carcinomas should be based on four criteria:
a demonstrable metastasis, identification of the primary tumor as a pituitary tumor, simi-
larity between the structure and immunohistological marker expression of metastasis
and primary tumor, and exclusion of an alternative primary tumor.
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Introduction

The ability to metastasize and the pres-
ence of an invasive growth are the stan-
dard indicators of malignant tumors. These
attributes also characterize most carcino-
mas of endocrine glands or the dissemi-
nated endocrine cells. On the other hand,
encapsulated papillary carcinomas of the
thyroid metastasize but do not grow
invasively [1], and carcinoids of the stom-
ach, appendix, and colon grow strongly
invasively but metastasize very rarely [2].

Invasive Adenomas
and Definition of Carcinomas

Pituitary adenomas are said to be abso-
lutely benign tumors, but many of them
in surgical collections are invasive by
growth into surrounding tissues (capsule,

adjacent anterior gland, neurohypophysis,
sellar bone). Reports on the frequency on
invasion vary greatly. In our material [3],
41.9% of the adenomas were invasive:
7.8% invaded the anterior lobe, 3.8% the
posterior lobe, 12.1% the dura, 3.0% the
leptomeninges, 15.9% the bone, and 9.1%
the mucosa of paranasal sinuses. Other
reports record an invasion rate of up to
90% by demonstration of small adenoma
foci in the adjacent dura [4].

Why do we not call an invasive adenoma
a carcinoma analogous to the situation in
other endocrine glands? The clinical sig-
nificance of invasiveness in most adenomas
is low. The recurrence rate correlates more
to the size of the tumor and to residual
adenoma tissue, which could not be
resected during surgery and is the source of
the tumor regrowth rather than of the
invasiveness. Whereas larger adenomas are
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more frequently invasive, we also find
microadenomas with invasive growth.
What are the specific factors of invasive
growth in the pituitary? The local anatomic
factors—especially the sellar bone—may be
important, since many adenomas not only
compress the bone but also invade the
medullary tissue of bone. We do not know
whether adenoma cells express lytic enzymes
causing invasion or whether the surround-
ing tssue has a particularly decreased or
defective content of adhesion molecules.

Why do invasive pituitary tumors not
metastasize? Adenoma growth can reach
the liquor space and the cavernous sinus,
but metastases are extremely rare. We do
not know the reasons for this. Is it a ques-
tion of disconnection from the tissue
arrangement, or is it a matter of non-
receptivity to tumor cells in other organs
from the blood or liquor?

Sixty-seven carcinomas have been
described in the literature up to now (Tables
1-4, pp. 24-28). They have been defined by
their metastases, the only proof of malignancy
of pituitary tumors. In our surgical material
of pituitary tumors (V= 2342) (1970-1994),
we have found three carcinomas, which
resulted in a proportion of 0.13%.

We have reviewed the published reports
of pituitary carcinomas in the literature to
find common attributes. The diagnoses of
30 reported carcinomas (Tables 1 and 2),
mostly from the years up to 1975, were
based on conventional methods without
immunohistochemistry. These old case
reports cannot fulfill modern criteria for
pituitary carcinoma identification, since it
is essential to have distinct structural simi-
larities between the primary tumor and the
presumable metastasis as well as a compa-
rable marker expression for the diagnosis
of pituitary carcinomas. Molecular pathol-
ogy can offer valuable insights in carcinoma
biology. Reports of gene expression, there-
fore, appear to be relevant.

The diagnosis of a primary pituitary car-
cinoma must rest basically on the follow-
ing criteria:

1. The primary tumor has to show struc-
tures of pituitary tumors via light and
electron microscopy;

2. A metastasis must exist showing a distinct
disconnection from the primary tumor;

3. The structure of the metastasis has to be
proven identical or very similar to the
primary tumor; and

4. An alternative primary tumor has to be

excluded.

Classification of pituitary carcinoma has to
be carried out in relationship to the site of metas-
tases (cerebrospinal, systemic, or combined)
and to the presumable cell type of origin.

Carcinomas with Cerebrospinal
Metastases

Thirty-nine tumors have been reported
in the literature as primary pituitary carci-
nomas metastasizing exclusively intracra-
nially/intraspinally into the brain, spinal
cord, or meninges. Six cases could not be
identified with sophisticated methods and
are, therefore, questionable (Table 1). Ten
tumors had to be classified as probable
pituitary carcinomas since the pituitary
tumors appeared to be structurally identi-
cal with the metastases, but an alternative
primary tumor could not be excluded with
certainty (Table 2). Twenty-three tumors
were explicit carcinomas (Table 3) because
alternative primary tumors were excluded
according to the aforementioned criteria and
because structure and marker expression of
tumor and metastases were similar.

Of the proven carcinomas, 9 (39%)
secreted prolactin (PRL) and induced
hyperprolactinemia, 4 (17%) were accom-
panied by acromegaly, 7 (30%) produced
adrenocorticotrophic hormone (ACTH)
with Cushing’ s disease (n = 3, 13%) or
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Nelson’ s syndrome (n = 4, 17%) (Fig. 1,
p- 29) and 3 (13%) appeared to be inactive.

Twenty-two carcinomas (96%) were
diagnosed as recurrent pituitary tumors.
Of the 22 cases, 11 (55%) were operated
on twice, 5 (23%) three times, 4 (18%)
four times, and 2 (9%) five times. Twenty
carcinomas (91%) were pretreated by X-ray.
The metastases were localized in the spi-
nal cord (n = 6, 21%), cerebellum (n = 5,
20%), occipital brain (» = 3, 12%), pari-
etal brain (n = 3, 12%), temporal brain
(n =3, 12%), frontal brain (n = 4, 16%),
brainstem (7 = 6, 24%), and meninges

(n=9,41%).

Carcinomas with Systemic
Metastases

Twenty-four tumors have been pub-
lished as pituitary carcinomas with exclu-
sively extracerebral metastases. Four tumors
in the previous literature appeared unlikely
from a modern standpoint {Table 1). Ten
were probable pituitary carcinomas which
could not be identified with certainty
owing to methodical insufficiencies (Table
2) and 10 were certain primary carcino-
mas of the pituitary (Table 4). Five of these
10 (50%) patients suffered from hyper-
prolactinemia (Figs. 2 and 3, pp. 29 and
30, respectively), 3 (33%) from Cushing’s
disease, and 2 (20%) tumors were inactive.
All except 1 had been operated on before,
6 patients two times, 1 patient three times.
All except 1 had been pretreated by X-ray.
Sites of metastases were the liver (z = 53,
50%), lungs (z = 4, 40%), bones (n = 6,
60%), kidney (7 =1, 10%), gluteal muscle
(n=1,10%), and lymph nodes (1 = 3, 30%).

Carcinomas with Cerebrospinal
and Systemic Metastases

Five pituitary carcinomas with spinal
and systemic metastases have been reported
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in the literature. Four could be accepted as
undoubted carcinomas (Table 5, p. 31),
one was a PRL-producing carcinoma, and
the other three were inactive carcinomas.
The cerebrospinal compartment was
restricted to the spinal cord. The systemic
metastases were found in the liver (z = 2),
lungs (n = 2), lymph nodes (7 = 1), heart
(n=1), and peritoneum (n = 1). Two were
pretreated by X-ray, and only 1 was oper-
ated on previously.

Tumor Development
and Molecular Pathology

Pituitary tumorigenesis appears to be a
multistep process; hormonal dysregulation
may enable the clonal expansion of geneti-
cally transformed cells. Probably more than
one somatic mutation has to occur for
development of pituitary adenoma. Gsp
oncogenes were discovered in endocrine
tumors [67]. In about 40% of growth
hormone (GH)-secreting tumors, the
o-subunit of the Gs protein may reveal
point mutations at amino acid residues 201
and 227, which inhibit GTPase activity so
that trophic stimulation of AMP pathway
by growth hormone-releasing hormone
(GHRH) is bypassed [68]. Other pituitary
adenomas are negative.

Ras mutations (in codon 12 of H-ras
gene) were found only in one highly
aggressive prolactinoma [69] and in three
metastases of pituitary carcinomas but not
in their primary tumors [70]. In a single
prolactinoma [71] and a single ACTH-
positive adenoma c-fos gene amplification
was also identified. The c-myc gene was also
overexpressed in single cases of inactive,
ACTH-positive, PRL-positive and GH-posi-
tive adenomas (72]. The c-myb gene was
not overexpressed [72].

In 13 malignant or highly invasive
pituitary tumors, a loss of heterozygosity
at the retinoblastoma (Rb) susceptibility
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Fig. 1. Case 23 of Table 3. Pituitary carcinoma in Nelson’s syndrome: solid tumor
cell complexes in meninges (PAS reaction, x260).

Fig. 2. Case 10 of Table 4. Pituitary carcinoma in hyperprolactinemia: features
of an adenoma with moderately pleomorphic cells of medium size (H & E, x285).

gene on the long arm of chromosome 13
was found [73]. Chromosomal deletions
as allele loss in the 11q13 locus were found
to be a feature of MEN1 syndrome and
were demonstrated in prolactinomas [74]
and somatotroph adenomas [75].

Close to the MENT1 locus lies the Ast
gene, a member of the fibroblast growth

29

factor family [76). The c-eré B proto-
oncogene encoding a membrane receptor
with homology to the epidermal growth
factor was not overexpressed in pituitary
adenomas [77].

The cytokine interleukin-6 affecting dif-
ferentiation and growth promotion is
expressed in most pituitary adenomas and
in pormal pituitary cells [78]. Protein
kinase C is overexpressed in GH-secreting
and nonsecreting adenomas and is higher
in invasive than in noninvasive adenomas
[79], but it is also demonstrable in lower
amounts in other pituitary tumors and
normal pituitary cells. The p53 protein as
a tumor suppressor gene is not demon-
strable by immunohistochemistry in one
collection of pituitary adenomas [80],
whereas others [81] found p53 in 50% of
ACTH-secreting adenomas and in 27% of
invasive nonfunctional tumors. Animal
experiments revealed immunoreactivity of
p53 in nuclei of all pituitary adenomas
from AVP/SV 40 transgenic mice [80].

The pituitary-specific transcription fac-
tor pit-1 protein can be found in nearly half
of pituitary adenomas [82]. It is important
for functional differentiation but does
not appear to influence cell proliferation.
Some numerical chromosome aberra-
tions have been described in one non-
secreting and one PRL-secreting pituitary
adenoma [83]. By x-chromosomal inacti-
vation analysis, pituitary adenomas were
found to be monoclonal in origin [84,85].

From all the data, we do not find any
specific expression of oncogenes or suppres-
sor genes in highly aggressive pituitary
adenomas. Pituitary carcinomas have been
studied only rarely for overexpression of
these factors. In our material [55], we did
not find significant differences in over-
expression of epidermal growth factor or
Cathepsin D, which is used in cancer biol-
ogy as a marker for increased invasion, and
we could not demonstrate p53. From ani-
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adenomas and inactive adenomas con-
tained more than 2.5% positive nuclei,
whereas ACTH adenomas showed a
0.1-2.2% rate. Our collection of ACTH
adenomas revealed a higher rate in the
recurrent adenomas compared with the
nonrecurrent ones and a higher rate in
adenomas pretreated by X-rays. Significant
data for carcinomas compared with
adenomas were not demonstrable [55].

Conclusion

Pituitary carcinomas are extremely rare.

Thirty-seven cases have been reported in
the literature since 1976. Our collection
(1970-1994) contained three (0.13%)
cases, two with ACTH hyperfunction and

Fig. 3. Case 10 of Table 4. Metastases of pituitary carcinoma in the liver with hyper-
prolactinemia: similar structures as in Fig. 2 (anti-PRL-alkaline phosphatase-
antialkaline phosphatase, x450).

mal experiments, we know of only one
report showing the development of pitu-
ltary carcinoma in transgenic mice with

one disrupted allele of the Rb gene [86].

Proliferation Markers

Ki-67 is widely used as a marker for
tumor cell proliferation. In pituitary
adenomas, some reports described a higher
rate of Ki-67-positive nuclei in invasive
adenoma compared with noninvasive
adenoma [87] and more numerous posi-
tive nuclei in ACTH adenomas and recur-
rent tumors [88], whereas others [89]
tound invasive ACTH adenomas without
Ki-67 positivity. In our material, we did
not find significantly different proliferation
indices but immunostaining for Ki-67 in
noninvasive and invasive adenomas, carci-
nomas, and their metastases [55]. Prolifer-
ating cell nuclear antigen was found in
significantly more recurrent adenomas
[90], whereas other investigators [91] dem-
onstrated different values in different

adenoma types: GH- and PRL-producing

one with hyperprolactinemia. The diagno-

sis should fulfill four criteria [92]:

1. A metastasis has to be demonstrable;

2. The primary tumor has to show features
of pituitary tumor;

3. The structure and the immunohisto-
logical marker expression of primary
tumor and metastasis have to be identi-
cal or very similar; and

4. An alternative primary tumor must be
ruled out.

Consequent on these criteria is the fact
that pituitary carcinomas cannot be iden-
tified in surgical specimens from the sellar
region because in this material a metasta-
tic growth cannot be shown. They are clas-
sified, as are the adenomas, by their
presumable cell of origin and their type of
hyperfunction. They are further classified
by the localization of metastases (cerebro-
spinal, systemic, or combined cerebrospi-
nal/systemic).

Pituitary carcinomas develop from
invasive adenomas in different settings.
Nearly all had undergone previous treat-
ment by surgery or X-ray. How the pre-
treatment influences the carcinogenesis
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from an adenoma is not known. A special

oncogene expression or a typical molecu-

lar pathology of pituitary has not yet been
found but proliferation markers, especially
Ki-67, present increased numbers of posi-

tive nuclei in comparison with invasive

adenomas in some studies.
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