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Abstract

Pituitary adenomas sometimes show rapid growth and recurrence, and
about one third invade the structures surrounding the sella turcica. In
an attempt to determine aggressive behavior at an early stage, we used
the MIB-1 antibody to identify the Ki-67 antigen. The present study
was designed to evaluate pituitary adenomatous tissue in terms of
secretion and proliferation and to correlate the Ki-67 index with
hormone phenotype and invasive behavior. Material from 159 patients
submitted to one or more resections of pituitary adenomas was evalu-
ated. Forty-two non-secretory adenomas and 43 adenomas immunore-
active for growth hormone, 19 for prolactin, 18 for growth hormone
and prolactin, 16 for adrenocorticotropic hormone (ACTH), and 21
cases of plurihormonal/gonadotropin adenomas were detected by
immunohistochemistry. The MIB-1 antibody was positive in 139
samples and the Ki-67 index ranged from 0.16 to 15.48% (mean = 1.22
± 2.09%), with no significant difference between genders, age groups,
or secretory and non-secretory status. The Ki-67 index was higher in
ACTH-secreting adenomas. Invasive pituitary adenomas had a sig-
nificantly higher Ki-67 index (2.01 ± 3.15%) than macroadenomas
with or without supra-sellar extension (1.12 ± 1.87%; P = 0.02). The
index was not significantly different in the subgroup of adenomas with
invasion of the cavernous sinus compared to groups with other types
of invasion. We conclude that tumoral proliferative activity evaluated
by the detection of the Ki-67 antigen is significantly higher in invasive
than noninvasive adenomas, information which can be useful in
therapeutic postoperative management since index cut-off values
associated with aggressive behavior can be established.
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Introduction

Pituitary adenomas are benign neoplasias
usually of slow growth. They are discovered
incidentally at a frequency of about 20% in
image scans of the area (1), in about 27% of
the glands examined at autopsy (2), or by

clinical evidence resulting from hormone
hypo- or hypersecretion or symptoms of in-
tracranial mass. When they produce hor-
mones in excess, they may have severe meta-
bolic consequences which lead to significant
morbidity and mortality (3). One third of all
pituitary adenomas invade the structures sur-
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rounding the sella turcica, with rapid growth
and/or postoperative recurrence. The inci-
dence of invasion by pituitary tumors varies
according to the method of diagnosis used -
histological, surgical or radiological - rang-
ing from 10 to 85%, and is higher when
determined on the basis of microscopic inva-
sion of the dura mater. A number of tech-
niques to evaluate cell proliferation have
been used in order to identify adenomas with
potentially invasive characteristics at an early
stage. Immunohistochemistry has been used
to assess the aggressiveness of tumoral pitu-
itary tissue by measuring cell proliferation
indexes based on the detection of the Ki-67
antigen (4), which is present in all stages of
the cell cycle but not in resting cells (5).

The objective of the present study was to
detect the Ki-67 antigen using the MIB-1
antibody and to quantify it in a large sample
of pituitary adenomas resected in our com-
munity, and to establish the relationship of
the Ki-67 index with hormone production
assessed by immunohistochemistry and with
the presence of tumor invasion.

Subjects and Methods

A total of 208 surgeries for resection of
pituitary tumors were performed at a major
neurosurgery hospital in South Brazil from
January 1987 to December 1997. The medi-
cal records of these patients were reviewed
for clinical presentation, hormone evalua-
tion, pituitary image, and drug use. In cases
of reintervention, the same data were col-
lected and updated to the time of reinterven-
tion.

Patients were initially grouped according
to the presence of the different clinical syn-
dromes of pituitary hormone hypersecretion
(acromegaly, Cushing’s disease, amenorrhea-
galactorrhea syndrome) or to the lack of clini-
cal evidence for hormone hypersecretion.
One hundred and twenty-one patients under-
went a single surgery, 36 underwent two
surgeries, and 2 underwent three surgeries.

Since a few paraffin blocks of pituitary
tissue could not be located and since in some
cases insufficient material was available and
the medical records of the patients were not
available, the final sample was reduced to
180 paraffin blocks from 159 patients (69
males and 90 females).

The study was approved by the Univer-
sity School Ethics Committee.

Histology

Paraffin blocks were cut into 3-µm sec-
tions and mounted on glass slides prepared
with organosilane.

For hormone phenotype determination,
the primary polyclonal antibody developed
in rabbits was used at the following dilu-
tions: 1:7000 for growth hormone (GH),
1:2000 for adrenocorticotropic hormone
(ACTH), 1:1000 for luteinizing hormone,
1:3000 for follicle-stimulating hormone,
1:2000 for thyroid-stimulating hormone, and
1:1000 for prolactin (PRL) (Dakopatts, Santa
Barbara, CA, USA). For the detection of the
Ki-67 antigen, the MIB-1 antibody devel-
oped in rats was used at a dilution of 1:20
(Immunotech, Marseille, France).

All immunohistochemical procedures
were performed using the avidin-biotin tech-
nique.

Slides were prepared simultaneously us-
ing the same antibody. Normal pituitary tis-
sue obtained from autopsies was used for
positive controls for hormone detection, and
neoplastic breast tissue was used for positive
controls for MIB-1. The primary antibody
was replaced with normal horse serum in
negative controls.

The sections submitted to the immuno-
histochemical technique were examined un-
der a standard light microscope. Prolifera-
tive activity, assessed by the MIB-1 anti-
body, was measured in areas of high density
of labeled cells. A reticulate slide attached to
the microscope was used at a magnification
of 400X. Cells labeled for the antibody were
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counted and their fraction of the total num-
ber of cells was determined, with the result-
ing value being reported as percent. In 110
cases (84%) the count was performed in 4 to
6 fields (mean ± SD of total cells counted =
2147.9 ± 877.5). In the other 29 cases (16%),
because of the quantity of material obtained,
the mean ± SD number of total cells counted
was 840.7 ± 457.7.

The slides were read for hormone pheno-
type and MIB-1 antibody by the same per-
son, who was not aware of the patient’s
clinical history.

Tumor classification

Tumors were classified as microadeno-
mas (<10 mm) or macroadenomas (≥10 mm)
according to size, with or without supra-
sellar extension. Imaging techniques (com-
puted tomography or magnetic resonance)
were used to define tumor invasion. Supra-
sellar growth was considered to be an exten-
sion rather than an invasion. Invasive ad-
enomas were those which showed inva-
sion of the cavernous, sphenoid or ethmoi-
dal sinus, bone, and third ventricle, or with
subfrontal growth.

Statistical analysis

The Student t-test and ANOVA followed
by the Duncan test were used to compare
two groups and more than two groups, re-
spectively, with the level of significance set
at P < 0.05.

Results

Clinical results

The sample consisted of 90 females rang-
ing in age from 16 to 76 years (mean ± SD =
43 ± 14.5 years) and 69 males ranging in age
from 13 to 68 years (45.6 ± 12.3 years).

The group of patients with clinical evi-
dence of acromegaly consisted of 48 patients

(30.2% of the total sample) who were subdi-
vided into two subgroups: 44 patients, 29
females and 15 males, whose clinical pres-
entation was predominantly of acromegaly,
and four patients whose acromegalic condi-
tion was associated with the amenorrhea-
galactorrhea syndrome or impotence. In the
first subgroup, 9 patients showed clinical
acromegaly in association with symptoms of
the presence of an intracranial mass. Mean
age was 46 years for females and 38.8 years
for males. In the second subgroup one pa-
tient was a 61-year-old female and the other
3 were males aged 35, 44, and 52 years; all of
them showed symptoms of the presence of
an intracranial mass.

In the group with clinical evidence of
Cushing’s disease (N = 22) or Nelson’s syn-
drome (N = 1), comprising 14.4% of the
sample, 5 patients showed symptoms of the
presence of an intracranial mass. Seventeen
were females (mean age = 36.5 years) and 6
were males (mean age = 34.5 years).

The group of patients with clinical evi-
dence of prolactinoma (amenorrhea-galac-
torrhea syndrome or impotence) comprised
33 cases (20.7% of the sample), 27 of whom
showed symptoms of the presence of an
intracranial mass. Eighteen were females and
15 were males. Mean age was 36.3 years for
females and 46.8 years for males.

Fifty-five patients (34.5% of the sample)
did not show clinical evidence of endocrine
dysfunction. Three tumors appeared to be
incidentalomas and the others were detected
as a result of symptoms of the presence of an
intracranial mass. Twenty-five patients were
females, with a mean age of 49 years, and 30
were males, with a mean age of 50.9 years.

Sellar image evaluation

Computed tomography and/or magnetic
resonance of the sellar region were available
in 135 medical records (85% of the sample).
No lesion of the sella turcica was detected in
6 cases (5 females and one male). Micro-
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adenomas were detected in 19 cases (12
females and 7 males) and macroadenomas in
110 cases (60 females and 50 males). Among
the macroadenomas, 42 showed isolated
suprasellar extension, and the other 42 were
considered to be invasive (7 with invasion of
the cavernous sinus, 6 with invasion of the
sphenoid sinus, 4 with parasellar growth, 13
with subfrontal growth, 4 with invasion of
the third ventricle [one of them with hydro-
cephalus], 2 with invasion of the cavernous
sinus and sphenoid sinus, 3 with subfrontal
growth and growth toward the sphenoid si-
nus, one with invasion of the sphenoid, eth-
moidal, and cavernous sinuses, and 2 with
suprasellar growth and hydrocephalus).
Therefore, 31.1% of the adenomas showed
some degree of invasion. The presence of
intratumoral calcifications detected by im-
aging was reported in 3 cases. Table 1 shows
the sellar imaging findings for the different
clinical presentations.

Hormones detected by immunohistochemistry

Forty-two adenomas (26.4% of the sample)
did not show immunoreaction to any of the
adenohypophyseal hormones. Of 117 secre-
tory cases (73.5%), 79 were immunoreactive
to a single hormone (67.5%), and the re-
maining ones were immunoreactive to two
or more hormones. The frequency of hor-

mone phenotypes was GH in 43 cases, PRL
in 19 cases, ACTH in 16 cases, association
of GH and PRL in 18 cases, and other asso-
ciations in 21 cases.

Of the 42 adenomas which had invasive
characteristics by tomography, 13 were nega-
tive for the pituitary hormones analyzed, 9
were immunoreactive for GH and PRL, 8 for
PRL, 4 for GH, 3 for ACTH, and 5 for other
hormonal associations. The most prevalent
hormones in the invasive adenomas were
PRL (17 cases) and GH (14 cases).

It was possible to examine the material
from 23 of the patients submitted to subse-
quent pituitary intervention (N = 32). Twelve
of them did not show a positive reaction for
any of the hormones analyzed, and again the
most prevalent hormones produced were GH
(10 cases) and PRL (9 cases).

MIB-1 antibody

The MIB-1 antibody was applied to 180
samples and was positive in 139. The mean ±
SD Ki-67 index was 1.22 ± 2.09% for the
total sample (range: 0.16-15.48%). The Ki-
67 index did not show statistically signifi-
cant gender differences: 1.17 ± 2.27% for
males and 1.25 ± 1.94% for females. For
statistical analysis, patient age was divided
into quartiles: up to 34 years (N = 42), from
35 to 44 years (N = 44), from 45 to 54 years
(N = 34), and over 55 years (N = 39). The Ki-
67 index was not significantly different across
these age groups, with respective values of
1.77 ± 2.96, 1.25 ± 2.19, 0.75 ± 0.65, and
0.99 ± 1.52%.

In 15 cases the Ki-67 index was above
3%. Of these, 14 patients showed macroad-
enomas, four with suprasellar growth and 10
with invasive behavior. Of the invasive mac-
roadenomas, two showed invasion of
the cavernous sinus, two of the sphenoid
sinus, two showed subfrontal growth, two
showed subfrontal growth and invasion of
the sphenoid sinus, one showed invasion of
the cavernous sphenoid sinus, and one para-

Table 1. Sellar imaging data for patients with pituitary adenomas.

Clinical presentation Normal Micro- Macro- Macro- Macro-
image adenoma adenoma adenoma adenoma

 restricted with supra- with
to sella sellar extension invasion

Acromegaly 2 9 12 12 4

Cushing’s disease
or Nelson’s syndrome 4 9 2 2 -

Amenorrhea-galactorrhea
syndrome or impotence - 1 6 6 17

Nonfunctioning adenoma - - 6 22 21

Total 6 19 26 42 42
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sellar growth. Among the 15 cases, two ad-
enomas showed a Ki-67 index above 10%:
in one of them, a non-secretory tumor with
invasion of the sphenoid sinus, the index
was 15.48%, and in the other, an ACTH-
secreting tumor with suprasellar growth, the
index was 12.71%.

The MIB-1 values for each hormone phe-
notype are reported in Figure 1. Although
the mean Ki-67 index for ACTH-secreting
adenomas tended to be higher than in the
other ones, no statistically significant differ-
ence was found between the different pat-
terns of hormone secretion (P = 0.87).

The Ki-67 index was 1.18 ± 1.85% for
secretory tumors and 1.31 ± 2.64% for non-
secretory tumors, with no significant differ-
ence between these groups (P = 0.71).

Figure 2 shows the values of the Ki-67
index according to tumor size and invasive
behavior. For statistical analysis, cases with
a normal sellar image were grouped with
cases of microadenomas.

The Ki-67 index was significantly higher
in adenomas with invasion than in macroad-
enomas with no invasion. Ten patients, one
with a non-secreting adenoma and 9 with
secretory adenomas, showed invasion of the
cavernous sinus. Of the secretory adenomas,
3 were reactive for GH, 2 for PRL, 2 for GH
and PRL, and 2 for ACTH. No significant
difference in the Ki-67 index was found
between the group with invasion of the cav-
ernous sinus (2.34 ± 2.49%) and the group
with other types of invasion (1.89 ± 3.40%).

Also, no significant difference in the Ki-
67 index was found between tissue from
primary tumors (1.25 ± 2.13%) and tissue
from subsequent surgical pituitary interven-
tion (0.87 ± 1.39%; P = 0.29).

Discussion

In the cases studied here, there was a
predominance of incidence in the fifth de-
cade of life. There was a slight predomi-
nance of pituitary adenomas in females over

males (male:female ratio: 1:1.13). These data
are in agreement with a previous study pub-
lished in our community (6). Mindermann
and Wilson (7) analyzed the gender inci-
dence of different types of pituitary tumors
according to clinical phenotype and found
that prolactinomas and ACTH- and TSH-
secreting adenomas occurred predominantly
in females, while hormonally inactive ad-
enomas and GH-secreting adenomas oc-
curred mainly in males. In the present study,

Figure 1.     Ki-67 index and different patterns of hormone secretion. The Ki-67 index was
determined with MIB-1 monoclonal antibodies and represents percent labeled cells. ACTH
= adrenocorticotropic hormone; GH = growth hormone; PRL = prolactin.

Figure 2. Ki-67 index and volume and extension of pituitary adenomas. The Ki-67 index was
determined as described in the legend to Figure 1. The number of microadenomas includes
6 cases that were normal according to image analysis, but were positive according to
tissue analysis.
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clinically GH-, ACTH- and PRL-secreting
adenomas were predominant in females
(1:1.6; 1:2.8 and 1:1.2, respectively), and
nonfunctioning adenomas were predominant
in males (1.2:1).

It is known that pituitary adenomas with
aggressive biological behavior, such as inva-
sion of underlying structures and rapid
growth, have the clinical aspect of interme-
diate adenomas, i.e., with characteristics be-
tween those of adenomas and pituitary carci-
nomas. Histological alterations such as pleo-
morphism and aneuploidy are often observed,
as well as alterations in cell proliferation
markers. Tumor invasion leads to neurologi-
cal complications and also impairs complete
tumor excision and normalization of hor-
mone levels. Tumor remnants usually con-
tinue to grow, requiring a new surgical inter-
vention. The incidence of invasion by pitui-
tary tumors is wide, ranging from 10% to
85% depending on the criterion used to de-
fine an adenoma as invasive or not, and is
much higher when analyzed in terms of mi-
croscopic invasion of the dura mater. Using
the criteria of gross invasion visualized by
the surgeon and invasion of dura mater evalu-
ated microscopically, Scheithauer et al. (8)
found a frequency of 35% for invasion by
adenomas. Invasion of 41.9% (24.1% in
ACTH-secreting adenomas and 66.7% in
tumors of null cells) was reported by other
authors (9) also using the criterion of histo-
logical invasion of the dura mater. In the
present study, an overall invasion rate of
31.1% was found, which was close to the
one reported by Scheithauer et al. (8). This
number could be greater, since the criterion
for invasion used here was radiological (less
sensitive), in contrast to the histological cri-
teria used by other investigators. In our study,
the highest percentage of invasion was de-
tected for non-secreting (31%) and GH- and
PRL-secreting adenomas (21.4%).

Invasion of the cavernous sinus occurs in
6-10% of all pituitary adenomas (10).
Kawamoto et al. (11) reported that adenomas

with invasion of the cavernous sinus had a
significantly greater volume than those with-
out invasion, although they showed no sig-
nificant difference in the cell replication in-
dexes assessed. The same investigators specu-
lated that invasion of the cavernous sinus
and growth rate are independent biological
factors and that invasion of the cavernous
sinus may be caused by chemical factors
produced by the tumor itself. In the series
described by Mastronardi et al. (12), 16 cases
(15.5%) showed invasion of the cavernous
sinus diagnosed radiologically, with a sig-
nificantly higher proliferative activity than
observed in the group without invasion. In
the present study, invasion of the cavernous
sinus occurred in 7.4% of cases, in agree-
ment with literature values.

The Ki-67 antigen reflects the state of the
tumor cell at that moment of proliferation
rather than the rate of cell proliferation. The
antigen has been shown to be strongly corre-
lated with thymidine labeling and flow
cytometric determinations of S-phase frac-
tions (13). The first reports of the Ki-67
index assessed specifically in pituitary ad-
enomas concerned frozen or fresh material
(14-19) while material embedded in paraffin
was used later (20-22).

With respect to the identification of the
antigen, Key et al. (23) reported three anti-
bodies of recombinant parts of the Ki-67
antigen (MIB 1-3) and characterized them as
true equivalents of Ki-67. Other studies con-
firmed the validity of comparative results
with all antibodies cited (24). Since 1995,
studies evaluating the MIB-1 monoclonal
antibody in pituitary tumors have been re-
ported in the literature (11,12,25-33). In the
studies by Knosp et al. (15), Zhao et al. (33)
and Mastronardi et al. (12), the mean posi-
tive reaction to Ki-67 was 1.1, 1.4, and 2.64%,
respectively. In the present study, the mean
reaction to MIB-1 was 1.22%, which is close
to the values reported elsewhere.

In the examination of both fresh tissue
and paraffin-embedded material, negative
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cases for Ki-67 antigen are found, as well as
cases with percentages that markedly devi-
ate from the mean. Using the MIB-1 anti-
body in paraffin-embedded sections, values
of 3.6 through 16.4% have been reported. In
the present study, the Ki-67 index was above
3% in 15 cases, and in two of them it was
above 10%, i.e., 12.71 and 15.48%. Other
investigators have reported values of 16.45%
(28) and even 23.37% (11) in their series,
values which are usually found in pituitary
carcinomas.

With respect to index behavior according
to patient gender and age, Yonezawa et al.
(34) reported a significantly higher MIB-1 in
nonfunctioning adenomas of patients younger
than 30 years than in patients older than 40
years. Similarly, Jaffrain-Rea et al. (35) re-
ported a significantly higher index in pa-
tients younger than 30 than in older patients.
Another study, however, compared different
age groups (<25, between 25 and 50, >50
years) and found no significant difference in
MIB-1 (12). The same finding was reported
by others (4,14), who did not detect any
significant differences in Ki-67 index re-
garding patient gender or tumor diameter.
Evaluating the Ki-67 index in prolactino-
mas, Delgrange et al. (30) found that the
indexes were likely to be higher in males
than in females, though such difference was
not statistically significant. In the present
study, there was no significant difference in
the Ki-67 index among the different age
groups analyzed. These results reflect the
findings for the different age quartiles; how-
ever, individuals younger than 44 years tend
to show higher values.

As regards the ratio between MIB-1 and
clinical and/or hormone phenotype evalu-
ated by immunohistochemistry, there is no
agreement in published studies. While some
investigators did not detect any difference in
Ki-67 between active and inactive tumors
(11,15,18), others reported higher values for
active tumors (28). Landolt et al. (14) exam-
ined the proliferative activity of 31 pituitary

adenomas and reported higher Ki-67 values
for acromegalic patients. Other studies re-
ported a higher Ki-67 index for ACTH-se-
creting adenomas (4,12) or PRL-secreting
adenomas (25). In the present series, no
significant difference was found between
secretory and non-secretory adenomas or
across the different groups of secretory ad-
enomas, even though MIB-1 was higher in
ACTH-secreting adenomas and the second
highest index in the series belonged to this
phenotype.

Since the pioneering report by Landolt et
al. (14), most studies assessing the Ki-67
index in pituitary adenomas have observed
higher values in invasive adenomas, regard-
less of the criterion used to define invasion.
Knosp et al. (15) reported a series of 62
pituitary adenomas in which the Ki-67 ranged
from 0.1 to 2.8%, with higher values in
adenomas with infiltration of the dura mater.
Two other studies (26,28) carried out on
samples of 31 and 70 pituitary adenomas,
respectively, also associated higher Ki-67
indexes with tumor invasion degree. The
same results were confirmed later (31,33).
However, in two other studies (12,28), an
overlap of Ki-67 index values was found in
noninvasive adenomas, invasive adenomas,
and pituitary carcinomas. In the present study,
an overlap of MIB-1 values was also found
between invasive and noninvasive adenomas.
Thus, low values do not necessarily indicate
the non-aggressive evolution of the tumor.

In the series of studies evaluating cell
proliferation on the basis of the MIB-1 anti-
body in pituitary adenomas, an effort has
been made to define an index value that
could serve as a cut-off to distinguish be-
tween invasive adenomas of benign behav-
ior and those of aggressive behavior. How-
ever, there is no consensus in the literature
about this value. In a particular series (28),
an index of 3% was successful in distin-
guishing between invasive and noninvasive
adenomas with a specificity of 97% and a
sensitivity of 73%. Later, a cut-off value of
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1% was proposed (31). Mastronardi et al.
(12) established two different thresholds for
the Ki-67 index: one for invasive adenomas
(3.5%) and the other for adenomas with
invasion of the cavernous sinus (5%). In
their series, these investigators proposed a
scaling system for invasion of pituitary ad-
enomas according to the mean Ki-67 index:
grade zero, noninvasive adenomas with MIB-
1 up to 2.01%; grade 1, invasive adenomas
with MIB-1 between 2.01 to 3.71%; grade 2,
adenomas with infiltration of the cavernous
sinus and MIB-1 between 3.71 and 5.58%,
and grade 3, pituitary carcinomas with a Ki-
67 index of 36% (one case). In the series

described here, it was not possible to estab-
lish a value distinguishing invasive from
noninvasive adenomas because of the con-
siderable overlap of MIB-1 values between
these two groups, although the results allow
us to conclude that tumoral proliferative ac-
tivity as evaluated on the basis of the MIB-1
antibody was significantly higher in invasive
adenomas. Although low Ki-67 indexes do
not exclude the possibility of tumor regrowth,
the establishment of cut-off points associ-
ated with aggressive tumor behavior could
be used in the future as an aid for therapeutic
decision making.
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