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Comparison of Ki-67 Index Values Between Patients With
Operated Giant Prolactinomas and Macroprolactinomas
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ABSTRACT
Background Data on whether there is a histopathological difference in cellular features as determined with
Ki-67 between giant prolactinomas and smaller macroprolactinomas are not fully clear. In this study, we
aimed to compare Ki-67 value between patients followed-up with diagnosis of macroprolactinoma and
giant prolactinoma and operated for different reasons.
Material and Methods Files of 15 patients with giant prolactinomas and 16 patients with
macroprolactinomas who had been operated with various indications were retrospectively evaluated.
Similar number of patients were included to carry out a reasonable analysis. Patients’ demographics
(age and gender), age at the time of diagnosis, tumor diameter during the diagnosis and at the last
follow-up visit, initial and last PRL and Ki-67 values were compared between the groups. Ki-67 value
was studied with MIB-1 monoclonal antibody method.
Results The mean age and gender were similar between the patients with macroprolactinomas and giant
prolactinomas. The mean longest tumor diameter at diagnosis was measured as 18.13£9.42 mm in the
macroprolactinoma and 47.071£9.70 mm in the giant prolactinoma group (p<0.001). The mean PRL
level at diagnosis was found as 4534.93+12923.56 in the macroprolactinoma and 5513.08+£7077.87
in the giant prolactinoma group (p=0.008). The mean Ki-67 value was found as 31.06+£28.82 in the
macroprolactinoma and 31.60+£30.78 in the giant prolactinoma group. There was no significant
difference between the groups in the Ki-67 values (p=0.922).
Conclusions Ki-67 value was similar between macroprolactinomas and giant prolactinomas, suggesting
that mitotic activity as determined by Ki-67 value is not practical in indicating growth and proliferation
characteristics of prolactinomas.
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Introduction

Prolactinomas are the most common hormone
secreting adenomas of the pituitary, accounting
for approximately 60% of all pituitary adenomas
that cause clinical symptoms.! The prevalence
of prolactinomas has been reported as 500 cases
per million and the annual incidence as 27 cases
per million.? Prolactinomas are classified based
on their longest diameter measured on magnetic
resonance imaging (MRI) as microprolactinomas
(<10 mm), macroprolactinomas (>10
mm) and giant prolactinomas (> 40 mm).3
Macroprolactinomas are more commonly
encountered in women, leading to menorrhea,
infertility and galactorrhea, are usually confined
to sella turcica and do not cause compressive
symptoms. Macroprolactinomas are more
common in men and exhibit hyperprolactinemia,
often leading to signs and symptoms of mass
effect, including hypopituitarism, headaches and
visual impairment due to compression of the optic
chiasm and extracellular diffusion.!*?

Giant prolactinomas on the other hand are
extremely rare, accounting for only 1-5% of all
prolactinomas.® Giant prolactinomas are usually
seen in men aged 20-50 years with a male-to-
female ratio of ~9:1.7 Giant prolactinomas are in
general of benign nature, although these tumors
are invasive and aggressive, extending into the
suprasellar area and invading cavernous sinuses.
The optic chiasm is often involved, causing visual
defects and sometimes ophthalmoplegia. Patients
with giant prolactinomas usually present with
elevated prolactin (PRL) levels up to 100,000
ng/mL.%8 Male patients may complain of erectile
dysfunction, hypogonadism, visual problems,
headaches and weakness.

Treatment goals are similar between giant
prolactinomas and macroprolactinomas, and
include normalization of prolactin levels, tumor
shrinkage with decompression of adjacent
structures, especially the optic chiasm and cranial
nerves, and normalization of testosterone levels.®
Medical treatment of prolactinomas is mostly
successful using dopamine agonists (DAs) as the
first line therapy. However, several indications
may require pituitary surgery as the second line
treatment in a selected group of patients, including
those who cannot tolerate or are resistant to

medical treatment with DAs, patients that desire
fertility, those with prolactinomas that impinge
on the optic chiasm, psychiatric patients with
contraindication to treatment with DAs and those
and patients presenting with CSF leak or pituitary
apoplexy.! 10

Ki-67 is one of the immunohistochemical
markers of growth and proliferation used in the
histological evaluation of different tumors. The
utility of Ki-67 expression in the active cell cyle
of prolactinomas is controversial.!’'? In addition,
data on whether there is a histopathological
difference in cellular features as determined with
Ki-67 between giant prolactinomas and smaller
macroprolactinomas are not fully clear. In this
study, we aimed to compare Ki-67 index between
patients followed-up with the diagnosis of
macroprolactinoma and giant prolactinoma and
operated for different reasons.

Material and Methods

The files of 31 patients with 15 having giant
prolactinomas and 16 macroprolactinomas,
who had been operated with various indications
and who had Ki-67 index studied through
histochemical examinations in the Endocrinology
and Metabolism clinic of our hospital between
2015 and 2019 were evaluated and included in this
retrospective study. Similar number of patients
were included to carry out a reasonable analysis.
Tumor diameters were measured with gadolinium-
enhanced pituitary MRIs performed at diagnosis
and upon follow-up. The pituitary adenomas were
evaluated in two groups, including those with
a tumor diameter between 10-40 mm defined as
macroprolactinomas and those >40 mm as giant
prolactinomas.

Patients’ demographics (age and gender), age
at the time of diagnosis, tumor diameter during
the diagnosis and at the last follow-up visit, initial
and last PRL and Ki-67 values were recorded
and compared between the groups. Data used
in this study were obtained from the electronic
information system and hospital archives.
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Table 1. Demographic characteristics of the patients.

Macroprolactinoma Giant prolactinoma Total p
(n=16) (n=15) (n=31) value
Age at diagnosis (year) 34.06+£7.92 39.13+10.84 36.52+9.63 0.188
(mean+SD)
Gender 0.01*
Male n (%) 5(31.25) 12 (80) 17 (54.84)
Female n (%) 11 (68.75) 3(20) 14 (45.14)

*Chi-square, p<0.05; SD: standard deviation.

Ki-67 Immunostaining

Ki-67 antigen was determined using MIB-1
monoclonal antibody. Surgical specimens were
fixed in 10% buffered formalin and then embedded
in paraffin  blocks. Avidin-biotin-peroxidase
method was used for Ki-67 Immunostaining.'3
Sections of 5 pm were cut and put onto glass
slides, dried and were then incubated with MIB-
1 antibody at 4 °C for 24 hours. The areas with
highest concentrations of MIB-1 positive nuclei
were analyzed at 400x magnification. The Ki-
67 value was calculated in each slide as the
rate of immunopositive nuclei based on 1,000.
Hematogenous cells were excluded and only dark
brown stained nuclei were considered positive.

Statistical Analysis

Data obtained in this study were statistically
analyzed with SPSS v. 23 (SPSS, Statistical
Package for Social Sciences, IBM Inc., Chicago,
IL, USA) statistical software. Normality of the
variables was tested with the Kolmogorov-Smirnov
method. Since the variables were non-normally
distributed, Mann-Whitney U method among
the non-parametric tests was used in comparison
of the continuous variables between the groups.
Categorical parameters were compared using
the Chi-square tests. Continuous variables are
expressed as meantstandard deviation descriptive
statistics and categorical variables as frequency
(number, percentage). The statistical significance
level was set at p<0.05.

Ethical Considerations

The study protocol was approved by the local
ethics committee of the hospital. Patient consents
were not needed as the study was retrospective in
design, but the necessary permission was obtained
from the hospital management for using archive
files. The study was performed in accordance with
the 1964 Declaration of Helsinki (DoH) and its
later amendments.

Results

A total of 31 patients with prolactinomas were
included in the study with 17 (54.84%) being
male and 14 (45.14%) female. Sixteen (51.61%)
of the patients had macroprolactinomas and 15
(48.39%) had giant prolactinomas. Five (31.25%)
patients were male and 11 (68.75%) patients were
female in the macroprolactinoma group, while
12 (80.00%) patients were male and 3 (20.00%)
patients were female in the giant prolactinoma
group. The male:female ratio was significantly
higher in the giant prolactinoma group compared
to the macroprolactinoma group (p=0.01).

The mean age at diagnosis was 36.52+9.63 year
overall, 34.06+£7.92 yearsin the macroprolactinoma
group and 39.13£10.84 years in the giant
prolactinoma group. No statistically significant
difference was found between both groups in terms
of the mean age (p=0.188). Demographic data of
the patients are given in Table 1.

The mean tumor diameter was measured as
32.13£17.45 mm overall, 18.1349.42 mm in
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the macroprolactinoma group and 47.07£9.70
mm in the giant prolactinoma group (p<0.001).
The mean tumor diameter at the end of follow-
up was measured as 13.82£16.31 mm overall,
1.00£3.61 mm in the macroprolactinoma group
and 24.93t£14.72 mm in the giant prolactinoma

group (p<0.001).

The mean PRL level at diagnosis
was found as 5024.01£10249.95 ng/mL
overall, 4534.93+12923.56 ng/mL in the

macroprolactinoma group and 5513.08+£7077.87
ng/mL in the giant prolactinoma group (p=0.008).
The mean PRL level at the end of follow-up
was found as 996.521+2463.35 ng/mL overall,
55.00£103.75 ng/mL in the macroprolactinoma
group and 2155.324+3392.46 ng/mL in the giant
prolactinoma group (p<0.001).

In the histopathological examinations; the mean
Ki-67 value was found as 31.32+29.28 overall,
31.06£28.82 in the macroprolactinomas group
and 31.60£30.78 in the giant prolactinoma group.
There was no statistically significant difference
between the groups in terms of the Ki-67 values
(p=0.922) (Figure I).

Giant
Prolactinoma

Macroprolactinoma

Discussion

Giant prolactinomas are distinguished from
smaller macroprolactinomas with some clinical
and biological characteristics. In the current
literature, patients with a pituitary adenoma >
40 mm in diameter and a PLR level exceeding
1,000 ng/mL are considered to have giant
prolactinomas, while macroprolactinomas are
defined as adenomas with a diameter between 10-
40 mm.>"? In the present study, we compared giant
prolactinomas and macroprolactinomas in terms
of clinical and histochemical characteristics.

Both  macroprolactinomas and  giant
prolactinomas have a male predominance with
a reported male to female ratio of 9:1 in giant
prolactinomas.®!* Espinosa et al.’ reported the rate
of males as 47% in macroprolactinomas and 89%
in giant prolactinomas. Artz et al.’® reported the
rate of male patients with macroprolactinomas
as 56.7%. In our study, the rate of the males was
31.3% in the macroprolactinoma and 80% in the
giant prolactinoma group. The difference between
the studies in the rate of male patients might be
resulted from the number of patients and inclusion
criteria.

Figure 1. Ki-67 values of the patient groups with prolactinomas.
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Approximately 60% of the adult males with
macroprolactinomas are diagnosed before 40
years of age.'® Although macroprolactinomas are
most commonly seen in young men, they have also
been reported in elderly males.!” Whereas, giant
prolactinomas are usually diagnosed in the 20-
50 years age group.® Almalki et al.'® reported the
mean age at diagnosis as 38.1 years and Iglesias
et al.'® as 40 years. In our previous study, we
found the mean age as 34.4 years.'? In the present
study, the mean age of all patients was found as
36.52 years and our finding was in the age range
reported in the literature. There was no significant
difference between the macroprolactinoma and
giant prolactinoma groups in terms of the mean
age (34.06 vs 39.13, p=0.188).

Normalization of PLR levels has been reported
as 70-80% for macroprolactinomas and 60-68%
for giant prolactinomas.*'* These rates are not
surprising, because mitotic rate and proliferation of
the giant tumors are only mildly increased in these
adenomas compared to macroprolactinomas.® In
our study, normalization of PLR levels was found
as 100% in the macroprolactinoma and 80% in the
giant prolactinoma group at the end of the follow-
up.

Although most of the prolactinomas show a
slow growth, some exhibit aggressive or invasive
biological behavior.' However, there is no generally
accepted marker available to identify invasiveness
of pituitary adenomas. Recently, several cell
cycle specific nuclear antigens have been used
with various immunohistochemical methods to
evaluate biological tumor characteristics. Among
these antigens, Ki-67 is typically expressed at
G1, S, G2 and M phases of the cell cycle during
proliferation.?’ Ki-67 value can be readily obtained
with monoclonal antibody MIB-1, which enables
detection of the Ki-67 antigen in formalin-
fixed, paraffin-embedded tissues.!* Ki-67 has
been reported to be useful in evaluating various
brain tumors, providing information about cell
proliferation and thus, prognosis.?! However, it is
still controversial whether Ki-67 is related to tumor
aggressiveness Or invasiveness in prolactinomas.
Peak et al.’ found no significant differences in
the Ki-67 index in relation to age, gender and type
of pituitary adenomas. In our previous study, we
also did not observe a significant difference in

Ki-67 values between invasive and non-invasive
prolactinomas.'? On the contrary, Pizarro et al.?
argued that mitotic activity evaluated by the
detection of Ki-67 antigen was significantly higher
in invasive than in non-invasive pituitary adenomas
and that Ki-67 could be used in therapeutic
postoperative management since cut-off values
associated with aggressive behavior of the tumor
can be established. B[ lini | teanu et al.?* reported
higher Ki-67 values in prolactinomas secreting
PRL. However, in our study we compared Ki-
values between macroprolactinomas and giant
prolactinomas for the first time in the literature and
could not find a statistically significant difference
between the two types of pituitary adenomas
(31.06 vs 31.60, p=0.922).

Study Limitations

This study has several limitations. The study was
designed as retrospective and included a relatively
small number of patients. In addition, correlations
of Ki-67 with different parameters could not be
analyzed due to sample size. Finally, we could
not exactly compare our findings, because there
is only one study comparing macroprolactinomas
and giant prolactinomas, but it did not evaluate Ki-
67 (Espinosa). Therefore, our study is the first to
investigate the utility of Ki-67 value in indicating
biological behavior of pituitary adenomas. We
believe that our findings will raise a new debate
in the utility of Ki-67 index in distinguishing
pituitary adenomas in terms of invasiveness.

Conclusions

Ki-67 value, which is used as a marker of
invasiveness and biological behavior of different
tumors, was similar between macroprolactinomas
and giant prolactinomas. This finding suggests that
mitotic activity as determined by Ki-67 value is not
effective on growth and proliferation characteristics
of prolactinomas. However, our results should be
supported with further comprehensive prospective
studies with a larger series of patients.
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