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Abstract
Aims—To investigate the relation between
proliferative activity of anterior pituitary
adenomas, quantified by the Ki-67 label-
ling index, and their invasive behaviour.
Methods—Expression of Ki-67 was evalu-
ated in 103 anterior pituitary adenomas
consecutively operated on in a 36 month
period and correlated with surgical evi-
dence of invasiveness.
Results—Non-invasive (n = 65) and inva-
sive (n = 38) adenomas were identified
from surgically verified infiltration of
sellar floor dura and bone. The wall of the
cavernous sinus was infiltrated in 16 cases.
Forty one adenomas were non-functioning
and 62 functioning (24 prolactin, 21 growth
hormone, 10 ACTH, seven mixed). The
overall mean (SD) Ki-67 labelling index
was 2.64 (3.69) per cent (median 1.5). The
mean index was 3.08 (4.59) per cent in
functioning and 1.97 (1.78) per cent in
non-functioning tumours; 5.47 (9.52) per
cent in ACTH adenomas and 2.33 (2.42)
per cent in others (p = 0.01); 3.71 (5.17)
per cent in invasive and 2.01 (2.45) per cent
in non-invasive adenomas (p = 0.027); and
5.58 (7.24) per cent in cavernous sinus
infiltrating v 2.10 (2.39) per cent in cavern-
ous sinus non-infiltrating adenomas (p =
0.0005). To identify a value of labelling
index beyond which adenomas should be
considered invasive and another beyond
which cavernous sinus infiltration should
be suspected, normality Q–Q plots were
obtained: a threshold labelling index of
3.5% for invasive adenomas and of 5% for
cavernous sinus infiltrating adenomas was
defined, with statistically significant dif-
ferences (p = 0.02 and p = 0.004, respec-
tively).
Conclusions—The Ki-67 labelling index
can be considered a useful marker in
determining the invasive behaviour of
anterior pituitary adenomas.
(J Clin Pathol 1999;52:107–111)
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Anterior pituitary adenomas are usually histo-
logically benign, even though in about a third
of cases they infiltrate the surrounding tissues
and, occasionally, the wall of cavernous
sinus.1–11 This local “malignancy” adversely
aVects the surgical results and contributes to
the possibility of relapse. In order to distinguish

patients who can be considered surgically
cured from patients at high risk of clinical and
radiological recurrence, several experimental
and clinicopathological studies have been
undertaken to identify markers of tumour
invasiveness.1–14

As with other neoplasms, determination of
cell proliferation activity seems to be prognos-
tically useful in anterior pituitary adenomas.
Ki-67, in particular, is a nuclear antigen
expressed in the G1, S, G2, and M phases of
the cell cycle,15–21 and its labelling index, now
characterised by the monoclonal antibody
MIB-1,16 is widely considered to be a marker of
cellular proliferation (growth fraction).

Our aim in this study was to investigate the
relation between the proliferative activity of
anterior pituitary adenomas, quantified by the
Ki-67 labelling index, and their invasive behav-
iour.

Methods
PATIENT CHARACTERISTICS

Between July 1994 and July 1997, 103 patients
suVering from an anterior pituitary adenoma
were operated on in our neurosurgical division.
In all cases an evaluation of the Ki-67 labelling
index of the surgical specimens was performed
using the monoclonal antibody MIB-1.22

The patients’ age ranged from 17 to 77 years
(mean (SD) 42.8 (15.2) years, median 39): 10
cases (9.8 per cent) were under 25 years, 57
(55.3 per cent) were between 26 and 50 years,
and 36 (34.9 per cent) were over 50 years. The
M/F ratio was 1:1.39 (60 females and 43
males). In 18 cases a previous operation had
been performed elsewhere for pituitary ad-
enoma, and in two cases two previous opera-
tions. A functioning adenoma, with clinically
expressed hormonal dysfunction, was present
in 62 patients (59 per cent): in 27 cases (43.5
per cent) the disturbances were related to high
serum prolactin, in 25 (40.3 per cent) there was
acromegaly, and in 10 (16.1 per cent) Cush-
ing’s syndrome. The preoperative serum hor-
mone concentration was defined as the highest
value before surgery. Reduced visual acuity or
campimetric disturbances were present in 47
cases (45.6 per cent), mainly in patients with
non-functioning adenomas (55.8 v 38.7 per
cent). Raised intracranial pressure was ob-
served in six cases (5.9 per cent).

In all cases the neuroradiological diagnosis
was obtained by contrast enhanced cerebral
computed tomography and magnetic reso-
nance imaging (MRI); in 20 cases (19.4 per
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cent) the tumour was a microadenoma (< 10
mm in diameter), in 23 (22.3 per cent) it was
an intrasellar macroadenoma, in 29 (28.1 per
cent) an intra-suprasellar macroadenoma, and
in 31 (30.1 per cent) an intra-supra-parasellar
macroadenoma.

A trans-sphenoidal approach was used in 98
cases (95.1 per cent), while a craniotomy was
performed in five (4.9 per cent). Macroscopi-
cally total removal was achieved in 96 cases
(93.2 per cent) and subtotal excision in seven
(6.8 per cent). On the basis of surgically
verified infiltration of the sellar floor dura and
bone, we identified 65 (63.1 per cent) as non-
invasive and 38 (36.9 per cent) as invasive. The
wall of the cavernous sinus was infiltrated in 16
of the 38 cases with invasive adenomas (15.5
per cent of the group as a whole; 42.1 per cent
of the invasive cases). Histological examination
showed a typical anterior pituitary adenoma in
all cases; on the basis of immunohistochemical
staining we identified 37 (35.9 per cent) endo-
crine inactive tumours and 66 (64.1 per cent)
active adenomas (24 prolactin, 21 growth hor-
mone, 10 adrenocorticotrophic hormone
(ACTH), three thyroid stimulating hormone
(TSH), one follicle stimulating hormone
(FSH), and seven mixed). Plurihormonal
adenomas were classified according to the pre-
dominant endocrine symptoms (in four cases
these were growth hormone related, and in
three, prolactin related). Seventeen (62.9 per
cent) of the 27 patients with prolactinomas or
mixed adenomas with prevalent prolactin
expression received preoperative medical treat-
ment (bromocriptine).

DETERMINATION OF THE Ki-67 LABELLING INDEX
(MIB-1 IMMUNOSTAINING)
The surgical specimens were routinely proc-
essed, fixed in neutral buVered formalin, and
embedded in paraYn. To evaluate the Ki-67
antigen staining, 5 µm sections, previously
mounted onto glass slides and dried, were
incubated overnight at 4°C in the MIB-1 anti-
body (Immunotech).16 Immunostaining was
performed using the avidin–biotin–peroxidase

method. Ten fields were selected in regions in
which there were the highest concentrations of
MIB-1 positive nuclei and were examined at
high power (×400); each field corresponded to
700 to 1000 cells, depending on the cellularity
of the tumour specimen. Areas of necrosis,
normal adenohypophysial cells, and endothe-
lial cells were excluded from the evaluation. On
the basis of a manual count of 1000 cells, the
Ki-67 labelling index was defined as the
proportion of MIB-1 positive cells (dense
brown precipitate restricted to the nuclei). The
histopathological diagnosis and the Ki-67
labelling index evaluation was performed by a
single neuropathologist (AG).

STATISTICAL ANALYSIS

Computer assisted data analysis was performed
with commercially available software (SPSS
6.0). The ÷2 test (1 or 2 degrees of freedom,
continuity correction) and analysis of variance
(ANOVA) were used to identify the statistical sig-
nificance of diVerences of Ki-67 labelling index
observed in relation to age, sex, previously
operated v newly diagnosed patients, function-
ing v non-functioning adenomas, type of
hormone secreted, presence or absence of
preoperative visual disturbances, neuroradio-
logically estimated volume of tumour, surgical
invasiveness, and infiltration of cavernous
sinus. Values are expressed as the mean (SD);
for each comparison, a p value was obtained
and significance was assumed at p < 0.05. To
identify a value of MIB-1 beyond which
adenomas are likely to invade the sella floor
dura and bone, and another beyond which cav-
ernous sinus infiltration is likely, the expected
normal values obtained from normality Q-Q
plots (figs 1 and 2) were calculated as
thresholds.

Results
A patient with a huge, invasive, cavernous sinus
infiltrating adenoma died in the postoperative
period from pulmonary embolism. Morbidity
consisted of a cerebrospinal fluid fistula in five
patients (4.8 per cent of 105 surgical proce-
dures), treated successfully with spinal cer-
ebrospinal fluid drainage through a lumbar
subarachnoid catheter for three to four days.

In 18 cases the adenoma was functioning
and invasive, in 44 functioning and non-
invasive, in 20 non-functioning and invasive,
and in 21 non-functioning and non-invasive
(p = 0.022). Table 1 summarises the mean
Ki-67 labelling indices of 103 anterior pituitary
adenomas.

The overall mean (SD) Ki-67 labelling index
was 2.64 (3.69) per cent (median 1.5; range 0
to 31). In five cases the labelling index was
> 10 per cent. All these were secreting
tumours (two ACTH, one growth hormone,
one prolactin, and one growth hormone–
prolactin), three were invasive, and two had
infiltrated the cavernous sinus. In none of these
cases was there any histological evidence of
pituitary carcinoma.

There were no diVerences in the index in
relation to age, sex, previous operations,
presence of preoperative visual disturbances, or

Figure 1 Normality plot of MIB-1 values in relation to
invasiveness of sellar floor dura and bone.
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Figure 2 Normality plot of MIB-1 values in relation to
infiltration of the cavernous sinus.
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neuroradiological estimation of the volume of
the tumour. The Ki-67 labelling index was
3.08 (4.59) per cent in functioning tumours
and 1.97 (1.78) per cent in the non-
functioning tumours (NS). ACTH secreting
adenomas had a higher labelling index than the
others, at 5.47 (9.52) v 2.33 (2.42) per cent;
p = 0.01. We found no significant diVerences
among the other types of hormone releasing
adenomas.

Preoperative treatment with bromocriptine
had no eVect on the labelling index in prolactin
secreting adenomas or mixed adenomas with
predominant prolactin expression.

Invasive adenomas had a Ki-67 labelling
index of 3.71 (5.17) per cent, v 2.01 (2.45) per
cent in non-invasive tumours (p = 0.027). The
index was 5.58 (7.24) per cent in cavernous

sinus infiltrating and 2.10 (2.39) per cent in
non-infiltrating adenomas (p = 0.0005).

We derived normality Q-Q plots with the
observed values of MIB-1 (figs 1 and 2). For
invasive adenomas a threshold value of 3.5 per
cent was identified and for cavernous sinus
infiltrating adenomas, 5 per cent. The results
obtained are summarised in tables 2 and 3. The
observed diVerences were statistically signifi-
cant (p = 0.02 and p = 0.004, respectively).

After follow up ranging from six to 42
months, a reoperation for the treatment of a
clinical and radiological tumour recurrence
was performed in two patients after eight and
14 months, respectively. In these patients the
first intervention was performed by a trans-
sphenoidal approach and the second by crani-
otomy. At the first operation, the tumour was
found to be invasive in both cases, and in one it
infiltrated the cavernous sinus. In these cases
the Ki-67 labelling indices of the first speci-
mens were 6.1 per cent and 3.8 per cent,
respectively. Both the relapsed tumours had
invaded sellar floor dura and bone and the wall
of the cavernous sinus; the Ki-67 labelling
indices of the recurrent tumours were 10 per
cent and 5.5 per cent, respectively.

Discussion
A tendency for juxtasellar expansion of some
anterior pituitary adenomas has been observed
from the first reports.23–25 In the early 1970s,
JeVerson26 identified a group of pituitary
tumours that he defined “invasive” adenomas,
in which an extrasellar spread occurred, some-
times with infiltration of the cavernous sinus.
Martins et al similarly defined an invasive
pituitary adenoma as a tumour which extends
beyond its capsule or involves contiguous
structures.7

The incidence of invasiveness among these
tumours varies among diVerent anterior pitui-
tary adenoma subtypes9 and also in relation to
the criteria used for assessment. Infiltrating
behaviour has been demonstrated surgically in
about 35 per cent of pituitary adenomas and
histologically (by microscopic infiltration of
dura mater) in about 90 per cent.1–11 From our
experience and in agreement with Thapar et
al,11 the most reliable criterion of invasiveness
seems to be the surgeon’s impression during
the operation.

Until now, unfortunately, no routine markers
have been available to identify invasive anterior
pituitary adenomas. The usual morphological
findings typical of histological aggressiveness
are quite uncommon among these
neoplasms.10 11 Recently, however, several cell
cycle specific nuclear antigens have been
recognised, using various immunohistochemi-
cal methods, which allow reliable evaluation of
tumour growth characteristics. One in particu-
lar, Ki-67, is a nuclear antigen readily identified
by the monoclonal antibody MIB-1,16 and is
typically expressed in proliferating cells during
the G1, S, G2, and M phases of the cell
cycle.15–21 It has been found to be useful in
assessing several human neoplasms,26–29 provid-
ing information about the cell proliferation rate
and thus about long term prognosis.

Table 1 Mean Ki-67 labelling indices (LI) of 103 anterior pituitary adenomas

Cases n Mean LI SD p Value

All patients 103 2.64 3.69
<25 years 10 2.67 2.01

0.57
25–50 57 2.30 2.27
>50 36 3.15 5.60

Previous operations
Yes 20 2.48 2.30

0.83No 83 2.68 4.05
Visual disturbances

Yes 47 2.65 2.49
0.97No 56 2.62 4.58

Functioning adenoma
Yes 62 3.08 4.59

0.14No 41 1.97 1.78
Endocrine active adenomas

(immunohistochemical staining)
Type of hormone secreted

ACTH 10 5.47 9.52

0.26

FSH 1 0.30 –
GH 21 2.18 2.50
Mixed 7 2.88 3.62
PRL 24 2.92 2.89
TSH 3 2.70 3.30

ACTH secreting adenomas 10 5.47 9.52
0.01Other hormones/non-functional 93 2.33 2.42

CT/MRI volume
Microadenoma (MA) 20 2.57 1.84

0.48

Intrasellar MA 23 2.62 3.47
Intra-suprasellar MA 29 1.88 2.14
Intra-supra-parasellar MA 31 3.41 5.63

Invasiveness of surrounding tissues
Yes 38 3.71 2.46

0.027No 65 2.01 2.45
Infiltration of cavernous sinus

Yes 16 5.58 7.24
0.0005No 87 2.10 2.39

ACTH, adrenocorticotrophic hormone; FSH, follicle stimulating hormone; GH, growth
hormone; PRL, prolactin; TSH, thyroid stimulating hormone.

Table 2 Comparison of invasive behaviour among 103
anterior pituitary adenomas with measurement of Ki-67
labelling index (LI; MIB-1), using a threshold value of
3.5% (see text)

Invasive Non-invasive

LI <3.5% 24 54
LI >3.5% 14 11
Total 38 65
p Value 0.02

Table 3 Comparison of cavernous sinus infiltration
among 103 anterior pituitary adenomas with measurement
of Ki-67 labelling index (LI; MIB-1), using a threshold
value of 5% (see text)

Cavernous sinus
invasive Non-invasive

LI <5% 10 80
LI >5% 6 7
Total 16 87
p Value 0.004

Ki-67 labelling index and invasiveness in pituitary adenomas 109
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MIB-1 immunostaining is a practical
method that can be used in the routine
histological evaluation of brain tumours and
also of anterior pituitary adenomas. Though
automated analysis is faster and easier, manual
cell counting is equally reliable11 and is
applicable everywhere. A high growth fraction
expressed by a high Ki-67 labelling index
should suggest the need for careful clinical and
radiological follow up.30

To date, only a few investigators have
reported their experience in evaluating anterior
pituitary adenoma growth fraction based on
the expression of the Ki-67 antigen, using both
formalin fixed tissue and in vitro cell
culture.1 2 4–6 11 13 15 31 Landolt et al examined the
growth rate of 31 pituitary adenomas,13 the
Ki-67 labelling index ranged from 0.1 to 3.7
per cent, with higher values in functioning
adenomas (especially the ACTH secreting
type) and in invasive adenomas verified radio-
logically, surgically, and histologically. In a
series of 62 cases, Knosp et al reported
proliferation activity ranging from 0.1 to 2.8
per cent, with a higher Ki-67 labelling index
(p < 0.05) in adenomas with histological evi-
dence of dural infiltration.15 Daita et al
evaluated the correlation between histological
invasiveness of the sellar floor dura and prolif-
erative activity in 31 pituitary adenomas,
showing a higher MIB-1 positive ratio with
dural invasion than with non-invasive tumours
(p < 0.05).4 Asano et al evaluated the MIB-1
index in 63 surgically removed anterior pitui-
tary adenomas1; values ranged from 0 to 6.5
per cent, with low values in growth hormone
secreting tumours and high values in prolactin
secreting tumours. Preoperative treatment with
bromocriptine had no eVect on the labelling
index values. In our series we also found that
growth hormone secreting adenomas had a low
Ki-67 labelling index, whereas prolactin secret-
ing tumours had a mean index above the mean
for the cohort as a whole (table 1). Shibuya et al
reported their experience of 65 pituitary
adenomas in which, among other tests, the
Ki-67 expression was evaluated31; they ob-
tained higher labelling index values in recur-
rent, non-functioning, and ACTH secreting
adenomas. We confirmed the latter finding in
our series (table 1, p = 0.01), as have other
investigators,6 11 15 and the finding of a high
mean Ki-67 labelling index in recurrent
adenomas was also shown by Ekramullah et al.5

These latter workers evaluated MIB-1 positiv-
ity in 14 regrowing non-functioning pituitary
adenomas and 19 cases without clinical or MRI
signs of tumour recurrence; they observed a
higher index (p< 0.01) in the group with

recurrence (mean 0.86 per cent) than in the
“cured” cases (mean 0.23 per cent). Though in
our series we did not find any diVerence in
Ki-67 labelling index between the 20 patients
previously operated on elsewhere and the 83
newly diagnosed patients (table 1), the indices
in the two patients who presented with
recurrences were 6.1 per cent and 3.8 per cent,
respectively, while in relapsed tumours invad-
ing the surrounding tissues and the cavernous
sinus the indices were higher (10 per cent and
5.5 per cent, respectively). We cannot rule out
the possibility that some of the patients in our
series who underwent reoperation did not have
a true recurrence of an aggressive tumour but
regrowth of the residual portion of the tumour,
which was not completely extirpated at the
original operation. This would invalidate the
low mean Ki-67 labelling index observed in the
reoperated group (table 1).

In a series of 70 anterior pituitary adenomas
and seven carcinomas, Thapar et al reported
mean MIB-1 values of 1.37 per cent in
non-invasive adenomas, 4.66 per cent in
invasive adenomas, and 11.91 per cent in
pituitary carcinomas (p < 0.01).11 As in our
findings (table 1), functioning adenomas in
their series had a higher (p = 0.03) mean
labelling index (3.25 per cent) than non-
functioning adenomas (2.06 per cent). These
investigators established a value of 3 per cent as
the threshold labelling index for distinguishing
non-invasive from invasive anterior pituitary
adenomas.11 In our study, using normal Q-Q
plots of observed MIB-1 values (figs 1 and 2),
we identified two diVerent threshold values of
the Ki-67 labelling index, one for invasive
adenomas (3.5 per cent) and one for cavernous
sinus infiltrating adenomas (5 per cent). The
results obtained with these thresholds are sum-
marised in tables 2 and 3, and the diVerences
observed were statistically significant (p = 0.02
and p = 0.004, respectively). From the mean
Ki-67 labelling indices, it appears that adeno-
mas with surgically verified infiltration of the
sellar floor dura and bone are less aggressive
than those that also infiltrate the wall of
cavernous sinus; the latter probably represents
a second level of invasiveness (table 4), though
the biological significance of this diVerence
remains unclear. Thus an index ranging
between 3.5 and 5 per cent could suggest infil-
trating behaviour, while an index above 5 per
cent also suggests the possibility of infiltration
of the cavernous sinus wall. In both circum-
stances, careful clinical, hormonal, and MRI
follow up seems necessary so as to identify the
predicted recurrence of the tumour as early as
possible.

CONCLUSION

It is well recognised that about one third of
pituitary adenomas are “invasive,” with exten-
sion beyond the capsule and involvement of
contiguous structures, sometimes with infiltra-
tion of the cavernous sinus.7 9 11 26 Evaluation of
the growth fraction—identified by Ki-67 nu-
clear antigen, which is easily detected with
MIB-1 monoclonal antibody—seems to pro-
vide additional insight into the infiltrative

Table 4 Proposal for a grading system for invasiveness of
pituitary adenomas in relation to mean Ki-67 labelling
indices (LI) observed in 103 cases, and in one case with
pituitary carcinoma (not included in this report)

Grade Mean Li-67 LI

0 Non-invasive pituitary adenomas 2.01%
1 Invasive pituitary adenomas 3.71%
2 Cavernous sinus infiltrating

pituitary adenomas
5.58%

3 Pituitary carcinoma (1 case) 36.00%
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behaviour of the tumour, and is thus a marker
of possible recurrence. It is the experience of
most neurosurgeons that even apparently non-
invasive adenomas that seem to have been
completely removed sometimes recur. Several
studies, including our own, suggest that a high
Ki-67 labelling index indicates that the tumour
is destined for postoperative relapse.
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