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ABSTRACT

Background and Objectives: The tumoral biomarkers have a rather well known effect upon the tumor control period of
several types of malignant lesions. The aim of this study was to evaluate the impact of immunohistochemical (IHC) markers
of Ki-67 and p53 on the long-term outcome of growth hormone (GH)-secreting pituitary adenomas treated surgically.

Materials and Methods: We conducted and followed a cohort of 47 consecutive patients with GH-secreting pituitary
adenomas referred to our department during a 4 year period for trans-sphenoidal microsurgical adenomectomy. The
expression levels of Ki-67 and p53 were determined by IHC study of the tissue samples. Periodical pituitary magnetic
resonance imaging (MRI), visual field studies and hormonal evaluations (GH and insulin-like growth factor-1 [IGF-11)
performed during the follow-up period were the outcome measures.

Results: The level of Ki-67 expression was higher among patients with postoperative residual tumor (3.5 vs. 1.7%)
and those with a hormonal recurrence (4.3 vs. 1.6%). The p53 expression level was remarkably higher in patients with
radiological recurrence (18 vs. 6.3%). Patients with invasive features (i.e. cavernous sinus and suprasellar invasion) had
significantly higher p53 and Ki-67 values and higher IGF-1 levels during the follow-up period. The patients younger than
30 years of age and those with mixed GH-prolactin secreting adenomas had significantly higher hormonal remission and
lower radiological recurrence rates.

Conclusion: Each of the biomarkers, Ki-67 and p53, along with patient’s age and mixed GH-prolactin secretion showed
a kind of correlation with each of aspects of the clinical, hormonal and radiologic outcome of GH-secreting pituitary
adenomas in this series.
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Introduction

Pituitary adenoma accounts for 90% of intra-sellar pathologies
and 10-15% of all intracranial neoplasms and is usually
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a benign tumor.! The most common hormone-secreting
adenomas are prolactinomas, followed by growth hormone
(GH) secreting and mixed GH and prolactin-producing
adenomas, respectively.” The incidence of acromegaly is
5 cases/million/year and the prevalence is 60 cases/million.”
The diagnosis is often preceded by around 10 years of active,
but unrecognized disease."

Many of the GH-secreting adenomas are larger than 1 cm at the
time of diagnosis and may have mass effect on the adjacent
structures or even invade them."® Due to wide fluctuations
of the serum GH levels, it is neither a sensitive nor a specific
test for diagnosis of acromegaly. For diagnostic purposes, the
oral glucose tolerance test (OGTT) seems to be a more reliable
method by revealing a diminished or even reversed effect of
increasing serum glucose on GH values.” Some of the recent
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studies suggest that the even OGTT has a limited diagnostic
value in patients with biochemically active acromegaly who
have only mildly increased GH output.®'!

The insulin-like growth factor-1 (IGF-1) or somatomedin C,
which is synthesized in the liver, is the main mediator of GH
for exerting its biologic effects. The raised serum level of IGF-1
is widely accepted as the first-line screening test for evaluation
of patients suspected to have acromegaly.”! It is an ideal
screening test because it has a long half-life of 18-20 h and the
serum levels remain stable throughout the day. The IGF-I level
is affected by age and gender, decreasing by approximately
14% per decade during adult life.

Surgery is often the primary therapeutic option for acromegalic
patients, although it may not be curative for some of
them." There are several studies carried out so far to find
the major determinants of treatment outcome in patients
with GH-secreting pituitary adenoma. Tumor size, invasion
to the surrounding structures and the serum GH level before
and just after the surgery have been proposed as possible
outcome predicting factors. Despite these predictive factors,
it is rather common for the patients with similar acromegalic
characteristics to have different clinical and hormonal
outcomes. This is the reason many investigators search for
other clinical or paraclinical markers that influence the long-
term behavior of GH-secreting adenomas.

The Ki-67 antigen is a protein present in the nuclei of cells in
the G1, S, and G2 phases of the cell cycle as well as in mitosis.
It is not expressed in quiescent or resting cells in the GO
phase, in which many proteins involved in proliferation are
degraded.>? The presence of Ki-67 antigen is measured by a
monoclonal antibody called MIB-1. The MIB-1 immunoreactive
nuclear index, also known as the MIB-1 index or the Ki-67
labeling index (LI), is expressed as a percentage of Ki-67 antigen
positive nuclei among total nuclei."?

The p53 protein is the product of TP53 tumor suppressor
gene. Although it is well-established that TP53 mutations
are uncommon in pituitary tumors, the dysregulation and
expression of the protein during tumor genesis, and its utility
in the interpretation of the pathology specimens as a marker
of aggressiveness, have been widely debated."

The role of immunohistochemical (IHC) markers in recognition
of “atypical” pituitary adenomas remains yet as a controversy.
The World Health Organization (WHO), 2004, classification
of endocrine tumors defines four prognostic features as the
variants increasing the likelihood of aggressive behavior for
pituitary adenomas and defines these adenomas as “atypical”;
an increased mitotic index, invasive tumor growth, Ki-67 = 3%
and extensive nuclear p53 positivity.'>"

This controversy is mainly due to; (a) the relative unidentified
impact of any of these features, to predict tumor behavior, (b) the

scarcity of case series with long-term follow-up and (c) the
lack of studies specifying each hormonal subtype of pituitary
adenoma.

The aim of this research protocol was to evaluate the impact of
P53 and Ki-67 protein labeling indices, along with other clinical
and paraclinical parameters of patients with GH-secreting
pituitary adenomas upon the long-term hormonal and
radiologic outcome of these patients.!"*?"

Materials and Methods

The study did not alter the standard therapeutic and follow-up
protocols of acromegalic patients in our department and thus
all patients were informed and accepted to participate.

In a cohort 0f 47 cases, we enrolled all patients with acromegaly
in whom, the diagnosis of GH-secreting pituitary adenoma was
confirmed and were referred to the neurosurgery department
of a single center, from January 2004 to March 2008 and
operated trans-sphenoidally. The preoperative hormonal
evaluations analyzed by a neuro-endocrinology study
group (LM and vaginal opening), and a single surgeon (KA)
did all trans-sphenoidal microsurgical adenomectomies (TSSA).

Our diagnostic criteria for acromegaly mentioned in our
previous communication™ was GH level > 10 10 mU/L after
OGTT with 75 g glucose, and the level of IGF-1 was also
determined and adjusted to its age range and gender according
to the reference table for each patient.

The cases with elevated serum prolactin levels beyond the
so-called stalk effect were considered to have mixed type of
hormonal secretion and confirmed with immunostaining for
prolactin secretion in their tumor specimens.

The exclusion criteria of the study were: Huge suprasellar
extension mandating transcranial or combined surgical
approaches, history of previous surgery for pituitary adenoma
or other pathologies in the region of the pituitary fossa, history
of brain radiation therapy for any reason, patients with a
history of surgery or radiotherapy for nasal or nasopharyngeal
tumors and patients refusing surgical treatment.

All patients underwent brain MRI with and without contrast
enhancement and visual acuity and field (V/A, V/F) evaluation,
before surgery. Preoperative MRI studies were reviewed by the
neuroradiology unit of the hospital. The tumors were classified
according to their size into microadenomas (<10 mm) and
macroadenomas (=10 mm), and lesions were also classified
for the presence of invasive features to the clivus, sphenoid
sinus, cavernous sinus or extension beyond the level of
foramen Monroe. We did not consider possible invasion of
the tumor to the dura as an independent feature of invasion
of the tumor.#!
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All patients underwent TSSA through transnasal transseptal

microsurgical approach with the assistance of an

otolaryngologist ear, nose, throat (ENT). The follow-up visits

were arranged at 6 weeks and 3 months after the operation

and then every 6 months. The following evaluations were

carried out for all these 47 patients in the postoperative

follow-up period:

* Endocrinology assay in the first night after surgery to rule
out treatment failure

e Daily evaluation for possible complications, e.g. CSF
leakage, diabetes insipidus

e VJ/A, V/JF evaluations and contrast-enhanced brain MRI,
6 weeks after surgery

* Brain MRI, evaluation of V/A, V/E ENT visit (if necessary)
and measurement of hormone levels at 3, 6, 12
and18 months following surgery

* The surgical specimens were fixed in formalin and
processed with paraffin. Selected blocks were serially cut
and stained with Hematoxylin and Eosin staining. Tissue
micro-array analysis of the pathologic samples using IHC
for hypophyseal hormones, mutant p53 protein and Ki-67
antigen was also performed.

We defined the endocrinological remission of the patients as;
having basal GH level < 2.5 ng/mL, GH level < 1 ng/mL after
OGTT and a normal IGF-1 value for related age and gender.
We assessed the surgical outcome from; endocrinological,
radiological and clinical points of view. Recurrences were
divided into those with elevated hormone levels, but without
significant radiologic findings and the ones with both
hormonal recurrence and radiological evident tumor regrowth.

An antigen retrieval method was used in all instances, and
positive and negative controls were carried out and reacted
appropriately. Labeling index was defined as the proportion
of labeled cells to the total number of cells analyzed in a field
consisting of 1000 cells, in the area where the density of labeled
cells was the highest.?*** The Ki-67 and p53-labeled nuclei
were evaluated in the tumoral areas where these markers were
predominantly expressed. Only nuclei with a strongly positive
label were counted. The same tissue block was utilized for all
IHC staining. The same viewer manually counted all p53 and
MIB-1 IHC studies with 1000 cells counted for each analysis
using an ocular grid. The results of the analysis of Ki-67 and
P53 LIs were expressed as the percentage of tumor cells with
positive nuclei.

Statistical analysis

The analysis of the results was performed using SPSS
software (version 18, SPSS Inc. Released 2009. PASW Statistics
for Windows, Chicago). Individual patient data were analyzed
using univariate and multivariate survival methods. The
association between MIB-1 and P53-positive rate, and the
preoperative findings and outcome measurements were
evaluated using Chi-square and Fisher exact tests. The P < 0.05
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indicated statistical significance. For univariate analysis, a
Kaplan—Meier survival curve was used to display cumulative
hormone control interval. Each prognostic factor was analyzed
using the log-rank test stratified by study.

Results

In this study, 47 patients (21 male and 26 female) with the
diagnosis of GH-secreting pituitary adenoma underwent
TSSA. The mean age of the patients was 40.8 years (range: 17-
73 years). The mean duration of symptoms before diagnosis
was 18.7 months (range: 6-73 months). The mean follow-up
duration was 5.2 years (range: 3-8.5 years).

There was no significant difference in the level of Ki-67 between
males and females, but the level of p53 was significantly higher
in females (P = 0.001). The patients were classified arbitrarily
into the age groups of younger and older than 30 years old.
Although Ki-67 and p53 levels were not significantly different
between the two age, ranges and those who were older than 30
at the time of surgery, had a significantly worse outcome (the
mean follow-up duration had no significant difference between
the two age groups) [Table 1]. The preoperative duration of
symptoms did not show any significant correlation with other
preoperative findings and outcome parameters.

Among 43 patients (91.3%) the chief complaint was typical
clinical acromegalic features while the other 4 (8.7%) were
seeking medical care mainly for symptoms such as blurred
vision and headache However, the patients primary complaint
did not show any significant relationship with other clinical
and radiologic characteristics and did not affect the outcome
parameters.

About 20 patients (42.5%) had bitemporal hemianopia,
11 (23.4%) had unilateral hemianopia, and 16 patients (34%)
had normal visual field exams. The severity of visual field
involvement did not show significant correlation with other
characteristics of the patients and had no influence on the
clinical, hormonal and radiologic outcomes.

In the present study, 15 (31.9%) of the patients had a mixed
type of GH and prolactin-secreting tumors. These patients

Table 1: Depicts outcome measures and IHC marker
levels according to the age group of the patients.
There have been cases in whom the changes in
control imaging were not accompanied by clinical/
laboratory recurrences

Age group P-53 Ki-67 ~ Hormonal Radiologic Mean
(%) (%) remission recurrence follow-up
(%) (%) IGF-1
Below 30 11.6  1.6312 96 9 675
Above 30 9.6 2.1045 62 37 407
Significance None  None Yes Yes Yes
(P=0.046) (P=0.003)  (P=0.027)

IHC — Immunohistochemistry; IGF-1 - Insulin-like growth factor-1
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had a statistically lower mean age at presentation than those
without hyper-prolactinemia (with mean ages of 35.03 vs.
46 years, respectively, P = 0.04). The Ki-67 levels did not
show any significant difference between the groups, but
p53 expression was significantly lower in patients with
hyper-prolactinemia (P = 0.032). The presence of a mixed type
of GH and prolactin-secreting tumor improved the hormonal
remission rate of acromegaly and decreased the chance of
radiologic recurrence after surgery. The mean follow-up
duration had no significant difference between the two
groups [Table 2].

Hypopituitarism was detected in 10 patients (21%). When
compared to the other patients, the preoperative GH level was
higher in patients with hypopituitarism (P = 0.044). While the
Ki-67 levels did not show any significant difference between
the two groups, the p53 levels were significantly higher in
patients presenting with hypopituitarism (P = 0.012). There
was no significant difference in the mean age and prevalence
of hyper-prolactinemia between those with and without
hypopituitarism.

In patients, harboring adenomas with suprasellar and/or
cavernous sinus invasion, the mean first postoperative GH
level and the mean IGF-1 levels measured during the follow-up
period was significantly higher in comparison with the
patients without such extensions [Table 3]. The mean values of
Ki-67 and p53 based on the presence or absence of suprasellar
and/or cavernous sinus invasions are also mentioned in
Table 3. There was no significant difference in Ki-67 expression
between patients with micro and macroadenomas, but the
p53 levels were higher in the macroadenoma group (mean
p53 of 7.2% in the macroadenoma patients vs. 0.14% among
the microadenoma group).

The patients with tumor remnants evident in early MRI after
surgery had significantly higher postoperative GH values in
contrast to patients without remnant (P = 0.009).

The level of Ki-67 expression had a significant relationship
with hormonal recurrence rate and presence of tumor residue
after surgery. The mutant p53 level correlated somehow with
radiologically evident recurrence rate of adenomas even
though non-significant [Table 4]. Notably, each of the mutant
p53 and Ki-67 expression levels could independently predict
some aspects of the outcome in our patients.

The Kaplan—Meier survival curves showed the relation
between hormone control interval of the patients and the
Ki-67 and p53 expression rate.

Discussion

The goal of the present study was to evaluate the impact of the
IHC markers of Ki-67 and p53 expression level on the long-term
outcome of GH producing pituitary adenomas and to elucidate

Table 2: Outcome measures and IHC marker
levels according to the presence or absence of
hyper-prolactinemia in their laboratory assay

Hyper- Ki-67 P-53 Hormonal Radiologic Mean
prolactinemia (%) (%) remission recurrence follow-up
(%) (%) IGF-1
Present 2.1 1.7 77 55 710
Absent 1.8 20 100 21 385
Significance None Yes Yes Yes Yes
(P=0.032) (P=0.023) (P=0.031) (P=0.001)

IHC — Immunohistochemistry; IGF-1 - Insulin-like growth factor-1

Table 3: The postoperative hormonal values and IHC
marker levels according to presence or absence of
radiological invasive features*

Invasive Postoperative Postoperative Mean Ki-67 P-53
feature GH (ng/ml) IGF-1(IlU/ml)  follow-up (%) (%)
IGF-1 (IU/ml)

Cavernous

sinus invasion

Present 8.25 436 725 3.2 9.6
Absent 3.71 234 433 1.8 3.6
Suprasellar

extension

Present 6.61 4,01 641 3 9.8
Absent 3.35 207 417 1.8 4.7

*All of the mentioned results had insignificant P values. IHC —Immunohistochemistry;
IGF-1—Insulin-like growth factor-1; GH — Growth hormone

Table 4: The results of the comparison of IHC
marker levels between the groups with favorable or
unfavorable outcomes

Index  Tumor residue With Without With Without

level  present Absent radiologic radiologic endocrine endocrine

(%) recurrence recurrence recurrence recurrence

P-53 No significant 18 6.3 No significant
difference difference

Ki-67 3.5 1.7 No significant 4.3 1.6

difference

IHC — Immunohistochemistry

whether there is any correlation between the other variables
evaluated and the outcomes. Even though some of these
correlations have been mentioned previously and separately in
some reports, but we have tried to collect all the possible data
in our cases and compare the results with those other reports
briefly to leave a benchmark for future young investigators.

In a numbers of the previous studies, it has been shown that
Ki-67 level had a significant relationship with gender, and
some of them reported higher expression levels in males while
others reported higher levels among female patients.*%
In the current study, we did not observe any significant
difference in Ki-67 level between males and females, but
the p53 level was significantly higher in the male group of
patients. Such a correlation between p53 and gender has
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not been reported previously and to our knowledge, this is
the first study measuring the level of p53 in GH-producing
pituitary adenomas.

While p53 and Ki-67 levels did not show any significant
relationship with the age groups (below and above 30 years), it
is shown that the age older than 30 years was an independent
predictor of poor hormonal and radiologic outcome.?2%!

In patients with hyper-prolactinemia (mixed adenomas),
the mean age of presentation was about one decade lower
than in those without hyper-prolactinemia.®® The p53
expression rate was remarkably lower in patients with mixed
adenoma (P = 0.032), and the presence of this feature was
associated with higher postoperative hormonal remission
and lower endocrinological recurrence rates. This indicates
that the hyper-prolactinemia may be correlated with the
most favorable hormonal outcome observed in, the lower age
group in this series. We would like to suggest that this could
be due to the earlier diagnosis of such group of the tumors,
possibly due to the presence of the clinical manifestations of
hyper-prolactinemia.

According to Jaffrain et al.,”* the Ki-67 level is higher in larger
adenomas while in the study of Pinto and Bronstein,® the
Ki-67 expression is independent from the size of the adenoma.
Ferreira et al.,” found a kind of relationship between p53 and
the volume of nonfunctional pituitary adenomas, but it was
not detected for Ki-67.1%1%%)

In this study, the Ki-67 level did not show a significant
difference between micro and macroadenomas, but p53
expression was higher among patients with macroadenoma.
The p53 expression rate was also significantly higher in
patients with hypopituitarism. Therefore, one may conclude
that the higher p53 expression level is correlated with larger
adenomas and more mass effect on the surrounding structures
compatible with higher rates of hypopitutarism.

Paek et al.®” and Nakabayashi et al.,’® reported a correlation
between Ki-67 and the recurrence of pituitary adenomas
after surgery, while several other studies did not find
such a correlation.”*! The results of the present study
show a significant relationship between Ki-67 and higher
postoperative hormonal recurrence rate.

According to Ozer et al.,” tumors with multiple recurrences
harbor higher level of p53. In our study, the p53 expression
rate was 3 times higher in adenomas with radiologic
recurrence than those without radiologic recurrences were.
To our knowledge, this is the first study investigating the
impact of P53 upon the recurrence of functional pituitary
adenomas.

Some reports indicate a relation between invasiveness of
pituitary adenoma and higher Ki-67 levels. According to

Thapar et al.,' Ki-67 with a cutoff value of 3% has 73%
sensitivity and 97% specificity in distinguishing invasive
adenomas from noninvasive tumors. Suliman et al.,”?" offered
a 3.5% cutoff value for distinguishing tumor invasiveness. In
the study of Fusco et al.,*” adenomas with cavernous sinus
invasion had a higher Ki-67 expression. They concluded that
Ki-67 level should be measured in all candidates for surgery
of pituitary adenoma. Our study shows higher levels of
the mentioned IHC markers among those with radiological
invasive features [Table 3]. This is in contrary with other
studies stressing upon Ki-67 expression level being unable
to predict the invasive nature of pituitary adenomas. In
a study done by Yarman et al.,*! the invasive behavior
of nonfunctional pituitary adenomas did not show any
correlation with different levels of expression of p53 and
Ki-67. Botelho et al."® proposed C-erb-B2 as a better predictor
of invasiveness of pituitary adenomas. Based on the previous
studies, Miiller et al.? has concluded that none of the known
IHC markers being capable of making distinction between
invasive and noninvasive adenomas.

According to the consensus of neuropathologists, reported
in 2004 WHO classification of tumors, adenomas with higher
levels of p53 and Ki-67 expression levels are considered as
“atypical adenomas”.*****l However, this classification was
largely based on the expert opinion, and the limited number
of studies on nonfunctional adenomas and could not be
generalized into all types of pituitary adenomas. The results
of this study along with the other upcoming researchers may
provide further evidence for this classification.

Limitations

The major limitation of this and similar other studies is
the small sample size that could be overcome by larger
multicenteric prospective cohorts. Not all the cases operated
by the group could undergo full screening either regarding
IHC study of their specimens or in the follow-up evaluations.
The impact of Ki-67 upon the outcome of surgery for
acromegalic patients has been shown previously, and we
have reconfirmed this issue in our series. The next major
shortcoming is that several other potentially important
biomarkers of tumor growth, which might denote the
invasive nature of the tumors, were not included, because
of limitation of resources.

Conclusion

The results of this study suggest that the tissue levels of the
Ki-67 and p53 biomarkers and mixed GH-prolactin secretion
by the tumor seem to influence some aspects of the outcome
measures in patients with GH producing pituitary adenomas.
We recommend that a complete set of clinical, radiologic and
paraclinical data may predict the outcome of these cases
more precisely than the few known parameters which are
currently used.
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