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ABSTRACT Objective: The aim of this study was to investigate the
clinical significance of Ki-67 proliferation index and p53 gene ex-
pression in the pre-operative and post-operative evaluation of pitu-
itary macroadenomas. Material and Methods: We retrospectively
evaluated 81 pituitary macroadenoma patients, where pre-operative,
six-month and one-year follow-up post-operative dynamic contrast-
enhanced magnetic resonance imaging examinations were present in
our picture archiving and data system. All patients underwent surgi-
cal tumor removal and were pathologically diagnosed as having
macroadenomas. Results: In Ki-67 positive macroadenoma cases,
maximal tumor diameter was found significantly higher than in Ki-67
negative adenoma cases. When tumor invasiveness was compared
based on Hardy’s classification with the Ki-67 proliferation index val-
ues of macroadenomas, no statistically significant correlation was
found between tumor invasiveness and Ki-67 values. We can state
that there is a strong correlation between Ki-67 positiveness and in-
crease in residual tumor dimensions. In p53 negative and positive
macroadenoma cases, there was no significant correlation between
p53 gene expression and maximal tumor diameter. When we com-
pared the tumor invasiveness was compared based on Hardy’s classi-
fication with the p53 gene expression of macroadenomas, no
statistically significant correlation was found between tumor inva-
siveness and p53 values. We can say that there is a strong correlation
between p53 gene expression positiveness and increase in residual
tumor dimensions. Conclusion: Ki-67 proliferation index and p53
gene expression level determination of macroadenomas and their as-
sociation with the hormone profiles, invasiveness, preoperative pri-
mary tumor and post-operative residual tumor dimension parameters
can be combined in order to predict early tumor progression and pa-
tient prognosis.
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OZET Amag: Hipofiz makroadenomlarinin, operasyon dncesi ve son-
rast degerlendirilmesinde Ki-67 proliferasyon indeksi ve p53 gen eks-
presyonunun klinik Onemini arastirmak. Gere¢ ve Yontemler:
Calismamizda, operasyon Oncesi ve sonrasi 6. ay ve 1. yil takip dinamik
kontrastlt manyetik rezonans goriintiileme incelemeleri resim arsiv ve
data sistemi igerisinde bulunan 81 hipofiz makroadenoma hastasini ret-
rospektif olarak degerlendirdik. Tiim hastalarda, cerrahi olarak timor
cikarild ve patolojik olarak makroadenoma tanist konuldu. Bulgular:
Ki-67 pozitif olan makroadenoma olgularinda maksimal tiimor boyut-
lar1, Ki-67 negatif olan adenoma olgularina gore belirgin derecede yiik-
sek bulundu. Hardy’nin klasifikasyonuna gére tiimor invazyonu ile
makroadenomalarin Ki-67 proliferasyon indeks degerleri karsilastiril-
diginda, timor invazyonu ile Ki-67 proliferasyon indeks degerleri ara-
sinda istatistiksel olarak anlamli bir korelasyon saptanmadi. Ki-67
pozitifligi ile rezidiiel tiimor boyutlardaki artis arasinda giiglii bir ko-
relasyon bulundugunu sdyleyebiliriz. Rezidiel timor boyut artisi ile
Hardy’nin klasifikasyonu arasinda istatistiksel olarak dnemli bir kore-
lasyon mevcut degildir. p53 negatif ve pozitif makroadenoma olgula-
rinda, p53 gen ekspresyonu ile maksimal timor boyutu arasinda 6nemli
bir korelasyon bulunmadi. Makroadenomalarin, p53 gen ekspresyonu
ile Hardy nin klasifikasyonuna goére tiimdr invazyonu karsilastirildi-
ginda, p53 degerleri ile tiimor invazyonu arasinda istatistiksel olarak
6nemli bir korelasyon saptanmadi. Operasyon sonrasi rezidiiel timor
degerlendirilmesinde, p53 gen ekspresyon pozitifligi ile rezidiiel timor
boyutlari artig1 arasinda kuvvetli bir korelasyon bulundugunu séyleye-
biliriz. Sonu¢: Makroadenomalarin Ki-67 proliferasyon indeksi ve p53
gen ekspresyon diizeylerinin saptanmasi ve bunlarin hormon profilleri,
invazyon, operasyon oncesi primer tiimor ve operasyon sonrasi rezidiel
timor boyutu parametleri ile olan iliskileri erken timor progresyonu-
nun ve hasta prognozunun tahmininde kombine olarak kullanilabilir.
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Pituitary adenomas constitute about 10-15% of
all intracranial tumors.' Although they are usually be-
nign and have a tendency to slow growth, in some
cases adenomas may present with signs of mass effect
like visual loss, hypopituitarism and hormonal prob-
lems. In approximately one third of the cases, infil-
tration of the surrounding structures including the
cavernous sinus can be seen and this can partly explain
why relapsing might occur frequently even after total
removal of the tumor tissue.* These tumors are usu-
ally huge in size and have an invasive nature, therefore
complete surgical removal is almost impossible in most
of the cases. Large tumor size, invasion and inadequate
resection of the tumor are important risk factors in
terms of progression or recurrence.* Some histologic
predictors have been used to evaluate tumor progres-
sion or recurrence. Ki-67 is known as a nuclear antigen
and its labeling index is regarded as a marker for nor-
mal and abnormal cellular proliferation (growh frac-
tion). Immunohistochemical p53 gene expression has
also been used as another histologic marker in daily
practice. The aim of our study was to investigate the
utility of these two histologic markers in the prediction
of clinical and radiologic findings of macroadenomas.
These include hormone profiles, invasiveness, preop-
erative primary and postoperative residual tumor di-
mensions. We sought a correlation between these two
histologic markers through obtained clinical and radi-
ological findings.

I MATERIAL AND METHODS

PATIENT SELECTION

This study was approved by our Instutitional Research
Ethics Committee and informed consents were ob-
tained from all of the patients (Ethics Committee Ap-
proval: Ethics Committee of Sisli Hamidiye Etfal
Training and Research Hospital, decision no: 1429,
date: 25.2.2020). The study was carried out according
to Helsinki Declaration principles. Beetween March
2015 and April 2019, retrospective evaluation of 81 pi-
tuitary macroadenomas was performed where pre-
operative, six-month and one-year follow-up post-
operative dynamic contrast-enhanced magnetic reso-
nance imaging (MRI) examinations were available in
our picture archiving and data system. In all patients,
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the tumors were removed surgically and pathology di-
agnoses were consistent with macroadenoma. Patient
cohort was of 39 males (48.2%) and 42 females
(51.8%). Their mean age was 45.6+£12.55 years. Mean
tumor diameter was calculated as 27.1+10.8 mm (12-
62 mm). They were classified as 17 null cell adenoma,
16 pluriform adenoma, 16 adrenocorticotrop hormone
(ACTH)-releasing adenoma, 19 growth hormone
(GH)-releasing adenoma and 13 gonadotropine-re-
leasing adenoma based on hormonal profiles.

MAGNETIC RESONANCE IMAGING ANALYSIS

MR examination was performed by using a 12-chan-
nel phased-array head coil on a 1.5 tesla clinical scan-
ner (Avanto- SQ Engine, Siemens, Erlangen,
Germany). MRI parameters were as follows: First,
non-contrast Turbo spin echo (TSE) sagittal T2
weighted [time to repeat (TR): 2700 msec, time to
echo (TE): 96 msec, slice thickness 3 mm, field of
view (FOV): 180x180 mm, nex: 2, matrix: 256x320],
TSE coronal T2 weighted (TR: 2630 msec, TE: 96
msec, slice thickness 3 mm, FOV: 180x180 mm, nex:
2, matrix: 224x320), TSE sagittal T1 weighted (TR:
500 msec, TE: 17 msec, slice thickness 3 mm, FOV:
180x180 mm, nex: 2, matrix: 205x256), TSE coronal
T1 weighted (TR: 500 msec, TE: 17 msec, slice thick-
ness 3 mm, FOV: 180x180 mm, nex: 2, matrix:
205x256) and axial TSE T1 weighted (TR: 410 msec,
TE: 8 msec, slice thickness 5 mm, FOV: 230x230 mm,
nex: 2, matrix: 205x256) images were obtained. Then,
following 0.1 mmol/kg iv gadolinium administration,
sagittal and dynamic coronal plane TSE T1 weighted
(TR: 300 msec, TE: 12 msec, slice thickness 3 mm,
FOV: 180x180 mm, nex: 2, matrix: 205x256) images
were also provided. All patients had pre-operative, six-
month and one-year follow-up post-operative dynamic
contrast-enhanced MRI examinations.

The images were interpreted by two experienced
neuroradiologists by consensus who were blinded to
the patients’ pathology results. In all cases, maximal
primary tumor and residual tumor diameters on pre-op-
erative and post-operative MRI scans were calculated,
respectively. Hardy’s classification system was used to
evaluate invasiveness of macroadenomas and cate-
gorized into five types: A) tumor bulging into the chi-
asmatic cistern, B) tumor reaching the anterior third
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ventricle, C) huge suprasellar extension filling the
third ventricle entirely, D) parasellar extension into
the frontal, temporal, or posterior fossa, E) lateral ex-
pansion towards the cavernous sinus.’

PATHOLOGIC EVALUATION

Pathology and immunohistochemistry (IHC): The
surgical specimens used in this study were obtained
from neurosurgery clinics. Formalin-fixed and paraf-
fin-embedded sections of 4 um from samples were
used for IHC staining. Paraffin-embedded tissue Ki-67
and p53 re-evaluation was scored by a specialized
pathologist. The biological markers of proteins were
analysed based on the immunohistochemical analysis
protocol in paraffin sections by using the staining pro-
cedure. Leica bond system dewaxed paraffin by using
leica reagent. Leia cell conditioning solution (pH 8.4, -
100 °C, 60 min) was applied in order to restore anti-
genic epitopes. Those sections were incubated by using
monoclonal antibodies during 32 min at 37 °C and
identified with leica DAB detection kit. At the end of
IHC reaction, these sections were contrasted with
hematoxylin solution, then coloured with the reagent
of an aqueous solution of buffered lithium carbonate,
and finally covered with glass slides. All IHC results
were independently reviewed by the neuropathologist
who was blinded to the clinical data. They were ex-
pressed in the nucleus with the color of the red.

STATISTICAL ANALYSIS

For statistical analysis, the software named SSPS
15.0 for Windows was applied. Descriptive statistics
were determined as follows: For categorical vari-
ables, number and percentage, for numerical vari-
ables mean, standard deviation, minimum, and
maximum were used. The ones in groups were com-
pared using the chi-square test. Since numerical vari-
ables showed a normal distribution pattern, the
Student’s t-test was used for comparison. The inter-
section value was analyzed using ROC curve analy-
level

sis. Statistical alpha was

determined as p<0.05.

significance

I RESULTS

Our patient cohort’s clinic, radiology and pathology
features were summarized on Table 1. In this study,

we considered Ki-67 proliferation index as positive at
a 2-3% and above levels. Thus, 63 patients (77.8%)
were found to be Ki-67 negative and 18 patients
(22.2%) were positive. Regarding p53 gene expres-
sion, 76 patients (93.8%) were negative and only 5
patients (6.2%) were positive. In comparison of Ki-67
negative and positive macroadenoma cases in terms
of tumor dimensions, maximal tumor diameter was
found as 12-44 mm (mean diameter: 25.4+8.8 mm)
and 13-62 mm (mean diameter: 32.9+£15 mm) in Ki-
67 negative and positive cases, respectively. Hence,
in Ki-67 positive macroadenoma cases, maximal
tumor diameter was found significantly higher than in

TABLE 1: General features of patient population.
Frequency Percent
Suprasellar invasion Negative 17 21.0
Positive 64 79.0
3 ventricle recess invasion Negative 29 35.8
Positive 52 64.2
Cavernous sinus invasion Negative 17 21.0
Positive 64 79.0
Hardy's classification A 1 13.6
B 2 25
D 3 37
E 65 80.2
Size [Mean+SD (Minimum-Maximum)] 27.1£10.8 (12-62)
Hormone Null cell 17 21.0
Pluriform 16 19.8
ACTH 16 19.8
GH 19 235
Gonadotrope 13 16.0
Residual increase in size Negative 66 81.5
Positive 15 18.5
p53 Negative 76 93.8
Positive 5 6.2
Ki-67 1% 1 13.6
1-2% 42 51.9
2% 10 123
2-3% 6 74
3% 3 3.7
3-4% 4 49
4-5% 1 1.2
5% 1 1.2
5-6% 1 1.2
10% 1 1.2
15% 1 1.2
Ki-67 Negative 63 778
Positive 18 222

SD: Standard deviation; ACTH: Adrenocorticotrop hormone; GH: Growth hormone.
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Ki-67 negative adenoma cases (p=0.009) (Picture 1,
Figure 1). A receiver operating characteristic (ROC)
curve analysis was carried out in order to predict Ki-
67 positivity using maximal tumor diameter and a
cutoff value 0of >26.5 mm yielded a 66.7% sensitivity

PICTURE 1a: Coronal T1 weighted contrast-enhanced magnetic resonance ima-
ging (MRI) of a 35-year-old woman. A homogenous, hypointense, well-demarca-
ted, moderate size, intrasellar mass lesion is present. Ki-67 was found negative.

PICTURE 1b: Coronal T1 weighted contrast-enhanced MRI of a 51-year-old man.
Ahuge intrasellar mass lesion extending to the suprasellar cistern and third ven-
tricule also encasing both cavernous carotid arteries is present. Ki-67 was found
positive.
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PICTURE 1e: Pituitary adenoma containing more than 3% Ki-67 proliferation mar-
ker.

and a 57.1% specificity (Figure 2). When we com-
pared tumor invasiveness based on Hardy’s classifi-
cation with the Ki-67 proliferation index values of
macroadenomas, there was no statistically significant
correlation between tumor invasiveness and Ki-67
values (p=0.652) (Picture 2, Table 2). Regarding the
hormone profiles of macroadenomas in correlation
with Ki-67 values, we observed that in Ki-67 posi-
tive tumors, although the number of ACTH-releasing
adenoma cases were significantly lower, go-
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DIMENSION maximum diameter average 95% Cl

T T
Negative Positive

Ki-67

FIGURE 1: Comparison of Ki-67 positive and Ki-67 negative cases in terms of ma-
ximal tumor diameter.

ROC Curve

Sensitivity

0.6

1 - Specificity
AUC: 0.644 (95% CI 0.483-0.806)

Coordinates of the curve
Test result variable (s): SIZEmax

Positive if greater than or equal to (a) Sensitivity Specificity

215 0.722 0.381
25 0.722 0.413
25 0.667 0.460
25 0.667 0.476
255 0.667 0.492
26.5 0.667 0.57
275 0.611 0.587
25 0.556 0.603
295 0.556 0.635
305 0.556 0.698

FIGURE 2: ROC curve analysis for maximal tumor diameter in terms of predicting
Ki-67 positiveness.

nadotropine-releasing adenoma cases were found sig-
nificantly higher compared to Ki-67 negative
macroadenoma cases (p=0.008) (Picture 3, Table 2,
Figure 3). Post-operative residual tumor evaluation
showed that in Ki-67 negative cases, in 60 out of the
total 63 patients (95.2%), no increase in residual mass
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was detected, and in only 3 cases (4.8%) an increase
in residual mass dimension was found. However, in
Ki-67 positive macroadenoma cases, 12 out of 18
(66.7%) patients showed an increase in their residual
tumor size and in only 6 cases (33.3%) there was no
increase in residual tumor. These findings showed
that there is a strong correlation between Ki-67 pos-
itiveness and an increase in residual tumor dimension

PICTURE 2a: Coronal T1 weighted contrast-enhanced magnetic resonance ima-
ging (MRI) of a 46-year-old man. A Hardy's D suprasellar mass lesion is detected.
Patient was Ki-67 negative.

W\ A f

PICTURE 2b: Coronal T1 weighted contrast-enhanced MRI of a 35-year-old
woman. Another Hardy’s D suprasellar mass lesion is present, but the patient is Ki-
67 positive.
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PICTURE 2c: Coronal T1 weighted contrast-enhanced MR of a 43-year-old man.
Hardy’s E suprasellar mass lesion is present. Patient was Ki-67 negative.

PICTURE 2d: Coronal T1 weighted contrast-enhanced MRI of a 51-year-old man.
Another Hardy’s E suprasellar mass lesion is present, but the patient is Ki-67 positive.

(p=0.001) (Picture 4, Table 2, Figure 4). When we
compared the residual tumor mass diameters with the
pre-operative primary tumor, we observed that in in-
creased residual tumor size cases, there was a strong
correlation with pre-operative higher tumor dimen-
sion (Picture 5, Table 3) (p<0.001). On the other
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hand, there was no statistically significant correlation
between residual tumor increase and Hardy’s classi-
fication (p=0.253) (Table 3). In comparison of p53
negative and positive macroadenoma cases, maximal
tumor diameter was found to be 12-56 mm (mean di-
ameter: 26.6+£10.3 mm) and 20-62 mm (mean diam-
eter: 34.2+17.1 mm) in p53 negative and positive
cases, respectively. In p53 negative and positive
macroadenoma cases, there was no significant corre-
lation between p53 gene expression and maximal
tumor diameter (p=0.132). When we compared tumor
invasiveness based on Hardy’s classification with the
p53 gene expression of macroadenomas, there was
again no statistically significant correlation between
tumor invasiveness and p53 values (p=1.000) (Table
4). Regarding the hormone profiles of p53 negative
and p53 positive macroadenomas, we found no sig-
nificant correlation between the p53 gene expression
and the hormone profiles of macroadenomas
(p=0.232) (Table 4). Post-operative residual tumor
evaluation revealed that in p53 negative cases, in 64
cases from a total of 76 patients (84.2%) no residual
mass was found, but in 12 cases (15.8%) there was
an increase in residual mass dimension. However, in

TABLE 2: Comparison of Ki-67 positive and Ki-67 negative
cases in terms of Hardy’s classification, hormone profiles and
post-op residual tumor increase.
Ki-67
Negative Positive

Hardy’s classification n % n % p value

A 10 15.9 1 56 0.652

B 2 32 0 0.0

D 2 32 1 56

E 49 778 16 88.9
Size
[Mean+SD 25488  (12-44/26) 32.9+15.0 (13-62/31) 0.009
(Minimum-Maximum)]
hormone
Null cell 15 238 2 1.1 0.008
Pluriform 13 20.6 3 16.7
ACTH 15 238 1 56
GH 15 238 4 222
Gonadotrope 5 7.9 8 444
Residual increase
in size
Negative 60 952 6 333 <0.001
Positive 3 48 12 66.7

SD: Standard deviation; ACTH: Adrenocorticotrop hormone; GH: Growth hormone.
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PICTURE 3a: Coronal T1 weighted contrast-enhanced magnetic resonance ima-
ging (MRI) of a 35-year-old woman. An intrasellar mass lesion extending superi-
orly to the optic-chiasmatic region is present. The patient has gonadotropin
hormone releasing macroadenoma and was Ki-67 positive.

PICTURE 3b: Coronal T1 weighted post-operative six-month follow-up contrast-
enhanced MRI of the same patient shows residual mass lesion on the right lobe.

p53 positive macroadenoma cases, 3 out of 5 (60%)
patients showed an increase in their residual tumor
size and 2 cases (40%) had no increase of the resid-
ual tumor. Therefore, there is a strong correlation be-
tween p53 gene expression positiveness and increase
in residual tumor dimension (p=0.042) (Picture 6,
Table 4). In this study, the maximal diameter of
ACTH-releasing adenomas was found significantly
lower compared to those of null cell adenomas

(p=0.002) and pluriform adenomas (p=0.004) (Table
5, Figure 5). When we compared the hormone pro-
files of macroadenomas with increased residual
tumor size, there was no statistically significant cor-

PICTURE 3c: Coronal T1 weighted post-operative one-year follow-up contrast-
enhanced MRI reveals increase in size of the residual mass.

PICTURE 3d: Gonadotropin-releasing macroadenoma shows immunohistoche-
mical positivity for FSH.

100%
80%

60%

44.4%
40%
. 23.8%22.2%

23.8% 206%
20% . l - I
° 11.1% 5.6% . 7.9%
0%
Null cell Pluriform ACTH GH Gonadotrope

= Ki67 Negative = Ki67 Positive

FIGURE 3: Hormon profiles of Ki-67 positive and Ki-67 negative cases.
ACTH: Adrenocorticotrop hormone; GH: Growth hormone.
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nomas. While MRI enables comprehensive delin-
eation of the intrasellar and parasellar soft tissue
structures with excellent contrast resolution, CT pro-
vides a detailed anatomical assessment of the sellar
bony structures. Pituitary invasive macroadenomas
have high recurrence rates. They are not considered to
be malignant tumors and their biological behaviour
is presumed to be between non-infiltrative adenomas
and carcinomas. Radiological signs of tumor invasion

PICTURE 4a: Coronal T1 weighted pre-operative contrast-enhanced magnetic re-
sonance imaging (MRI) of a 43-year-old man. A huge intrasellar mass lesion ex-
tending to the third ventricle is present in a Ki-67 negative patient.

PICTURE 4c: Coronal T1 weighted contrast-enhanced MRI of a 45-year-old
woman. An intrasellar mass lesion located in the right lobe of the gland is present.
The patient was Ki 67 positive.

PICTURE 4b: Coronal T1 weighted post-operative one-year follow-up contrast-
enhanced MRI of the same patient shows no residual mass lesion.

relation between the hormone profile of macroade-
nomas and increased residual tumor size (p=0.101)
(Table 6).

I DISCUSSION
Computed tomography (CT) and MRI are widely PICTURE 4d: Coronal T1 weighted post-operative six-month follow-up contrast-
being used in the evaluation of pituitary macroade- enhanced MRI of the same patient shows no residual mass.

29



Ahmet Mesrur HALEFOGLU et al.

Turkiye Klinikleri J Med Sci. 2021;41(1):22-35

PICTURE 4e: Coronal T1 weighted post-operative one-year follow-up contrast-
enhanced MRI of the same patient reveals recurrent mass lesion.

Residual increase in size
100%

80%
66.7%

60%
40%

20%
4.8%
S ——
Negative ‘
Ki-67

0%

Positive

FIGURE 4: Comparison of Ki-67 positive and Ki-67 negative cases for residual
tumor increase.

should be considered with the presence of those find-
ings: complete erosion of the clivus, tumor elonga-
tion inferiorly to the sphenoid sinus and tumor
extension beyond to the lateral boundary of the cav-
ernous carotid artery or complete encircling of the ar-
tery.

In order to predict tumor behaviour of macroade-
nomas, some histological markers have been used. In
this regard, Ki-67 labeling index and p53 gene ex-
pression have been considered as useful histologic
predictors in relevance to the progression or recur-
rence of macroadenomas. Ki-67 is regarded as a cell
cycle specific nuclear antigen and can be easily
recognised by various immunohistochemical meth-
ods like monoclonal antibody MIB-1.° It is typically

expressed in proliferating cells during the G1, S, G2
and M phases of the cell cycle except GO phase.’
MIB-1 antibody can provide detection of Ki-67 in
formalin-fixed and paraffin-embedded tissues. It pro-
vides knowledge about cellular proliferation rate or
tumor growth fraction and hence can be used in the
routine histologic evaluation of brain tumors includ-
ing pituitary macroadenomas. But in pituitary
macroadenomas Ki-67 labeling index levels have
usually been found to be relatively low compared to
other brain tumors.® A Ki-67 proliferation index level

PICTURE 5a: Coronal T1 weighted contrast-enhanced MRI of a 60-year-old man.
Ahuge intrasellar mass lesion extending to the third ventricular region is present.

PICTURE 5b: Coronal T1 weighted post-operative six-month follow-up contrast-
enhanced MRI of the same patient reveals residual mass in the right lobe.
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PICTURE 5c: Coronal T1 weighted post-operative one-year follow-up contrast-
enhanced MRI. There is increase in residual mass size.

TABLE 3: Comparison of residual tumor increase according to
preoperative tumor diameter and Hardy's classification.

Residual increase in size

Negative Positive
Hardy’s classification n % n %  pvalue
A 1 16.7 0 0.0 0.253
B 2 30 0 0.0
D 2 3.0 1 6.7
E 51 773 14 93.3
Maximal tumor 24.948.7cm 12-44 (245) 36.7+142cm  15-62 (35) <0.001

diameter

of 2-3% and above was considered as positive in this
study. p53 expression of the tumors can also be de-
tected by using immunohistochemical methods. p53
gene product is a nuclear phosphoprotein whose im-
munohistochemical accumulation has been regarded
as an unfavorable prognostic factor for a broad range
of human tumors. It can also be used as a histologic
predictor in the evaluation of tumor behaviour of
macroadenoma cases. Although overall expression
rate of p53 has been found to be low in many studies,
its overexpression could correlate with progression
or recurrence of macroadenomas. Thapar et al. in
their study found that a Ki-67 labeling index cutoff
value of 3% and higher had a 73% sensitivity and
97% specificity in the discrimination of noninvasive
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versus invasive macroadenoma cases.’ Pizarro et al.
measured Ki-67 antigen levels of 159 pituitary ade-
nomas using MIB-1 monoclonal antibody test. They
found that tumoral proliferative activity detected by
the level of Ki-67 antigen is significantly higher in
invasive adenomas compared to those of noninvasive
ones.! Zhao et al. in a 57 clinically verified invasive
pituitary adenoma cases found a significant associa-
tion between Ki-67 labeling index and the invasive-
ness of the tumor. They concluded that Ki-67 labeling
index detected by MIB-1 could be an important
marker in the evaluation of potential invasiveness of
pituitary adenomas.'” Paek et al. investigated the cor-
relation between Ki-67 labeling index with clinical
and radiological characteristics of pituitary
macroadenomas in 44 patients. They found that clin-
ical findings such as visual field defect and recur-
rence were correlated with the high Ki-67 labeling
index. But there was no statistically significant cor-
relation between Ki-67 labeling index and sex, age,

type of tumor, maximal tumor diameter, Hardy’s clas-

TABLE 4: Comparison of p-53 positive and p-53 negative
cases in terms of Hardy'’s classification, pre-operative maximal
tumor diameter, hormone profiles and post-operative residual
tumor increase.

p53

Negative Positive
Hardy’s classification n % n % p value
A 1 145 0 0.0 1.000
B 2 26 0 0.0
D 3 39 0 0.0
E 60 78.9 5 100
Size 26.6£10.3 (12-56/26) 34.2£17.1 (20-62/29) 0.132
[Mean+SD
(Minimum-Maximum)]
hormone
Null cell 17 224 0 00 0232
Pluriform 14 18.4 2 40.0
ACTH 16 21.1 0 0.0
GH 18 23.7 1 20.0
Gonadotrope 1 14.5 2 40.0
Residual increase
in size
Negative 64 84.2 2 400  0.042
Positive 12 15.8 3 60.0

SD: Standard deviation; ACTH: Adrenocorticotrop hormone; GH: Growth hormone.
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TABLE 5: Comparison of the maximal diameter of ACTH-releasing adenomas with that of other adenomas.
SIZEmax

MeanSD Minimum-Maximum Median p value

Hormone Null cell 31.547.2 20-41 34 <0.001
Pluriform 31.1£12.7 13-62 29
ACTH 18.1+4.6 13-26 17
GH 263125 12-56 27
Gonadotrope 28.849.5 15-53 29

SD: Standard deviation; ACTH: Adrenocorticotrop hormone; GH: Growth hormone.

DIMENSION max
H
i

—i-

al
NULL CELL
PLURIFORM
ACTHH .—‘
GH
GONADOTROPE-

HORMON

Negative Positive p
n % n % _
Hormone  Null Cell 14 824 3 17.6 0.101
Pluriform 13 81.3 3 18.8
ACTH 16 100.0 0 0.0
GH 15 789 4 211
8 61.5 5 38.5

Gonadotrope

FIGURE 5: Comparison of hormone profiles and maximal tumor diameters.
ACTH: Adrenocorticotrop hormone; GH: Growth hormone.

sification and invasiveness of tumor into the sphe-
noid sinus or cavernous sinus.!! In our study, we eval-
uated tumor invasiveness according to Hardy’s
classification and compared these radiologic findings
with the Ki-67 proliferation index values of
macroadenomas. However, we did not find a statisti-
cally significant correlation between tumor invasive-
ness and Ki-67 values. The tumor size, indicated as
the maximal diameter of the tumor on MRI and its
relationship to the Ki-67 labeling index was investi-
gated in some studies and there was no significant
correlation.'!? In our study, maximal tumor diameter
was found to be significantly higher in Ki-67 posi-
tive macroadenoma cases than those of Ki-67 nega-
tive ones. Jaffrain-Rea et al. assessed the proliferative
index in a prospective series of 132 pituitary tumors
and found that Ki-67 values showed escalation with
increased tumor volume and invasiveness.'
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Although there is a benign nature and slow
growth rate in adenomas, their recurrence rate could
be as high as 10% to 35%.* The most reasonable ex-
planation for this situation might be inadequate re-
moval of the tumor. Paek et al. in their patient cohort
of a total 44 pituitary macroadenomas found that in
14 cases tumor recurrence occured. In this group,
macrodenomas with recurrence had a significantly
higher mean Ki-67 labeling index values (1.27%)
than those of without recurrence (0.56%)."

Filippella et al. in their study including 45 pitu-
itary adenomas determined a cut off value of 2.9%
for Ki-67 proliferation index and emphasized this
value as the most reliable biologic marker in terms of
predicting recurrence status of pituitary macroadeno-
mas.'* Shibuya et al. showed that recurrent pituitary
adenomas exhibited higher Ki-67 labeling index val-

PICTURE 6a: Coronal T1 weighted contrast-enhanced magnetic resonance ima-
ging (MRI) of a 51-year-old man. A huge intrasellar mass lesion extending to the
third ventricular region and encasing both cavernous carotid arteries is present.
The patient was p53 positive.
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PICTURE 6b: Coronal T1 weighted post-operative six-month follow-up contrast-
enhanced MRI of the same patient shows residual mass on the right.

PICTURE 6¢: Coronal T1 weighted post-operative one-year follow-up contrast-
enhanced MRI. There is an obvious increase in residual mass.

ues (3.6%) than those of primary adenomas (0.8%).'3
Ekramullah et al. in their study demonstrated signif-
icantly higher Ki-67 proliferation index values in the
regrowing pituitary adenoma group compared to the
cured adenoma patients (0.86% and 0.23%, respec-
tively).'® Contrary to these results, there are some
studies in the literature which do not support a rela-
tionship with Ki-67 proliferation index and recur-
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rence. Scheithauer et al. studied 176 pituitary tumors
and did not find an association between the Ki-67
proliferation index and recurrence. They had only 7
patients with recurrence in a total of 78 cases whose
Ki-67 proliferation index values were found to be
more than 3%.'"” In our study, we found a strong as-
sociation between Ki-67 positiveness and increase in
residual tumor dimensions.

In the literature, there are studies that investi-
gated whether the association could be between pitu-
itary tumor Ki-67 labeling index levels with their
hormone profiles. Thapar et al. showed significantly
higher mean growth fraction levels in hormonally ac-
tive pituitary adenomas (3.25%) compared to those
of non-functioning adenomas (2.06%).” Wolfsberger
et al. in their 150 functioning adenoma series found
that silent ACTH-cell and prolactin-releasing adeno-
mas had the highest, but null-cell adenomas and go-
nadotropinomas had the lowest proliferation index
values.'® On the other hand, Pizarro et al. in a 139 pi-
tuitary adenoma cases did not find a correlation be-
tween tumoral proliferative activity expressed by
Ki-67 antigen and hormonal status of adenomas.'

In our study, we found that gonadotropine-re-
leasing adenoma cases were significantly higher,
whereas ACTH-releasing adenoma cases were sig-
nificantly lower in Ki-67 labeling index positive ade-
Besides,
ACTH-releasing adenomas was found to be signifi-
cantly lower than those of null cell adenomas and plu-
riform adenomas. On the other hand, there was no

noma cases. maximal diameter of

statistically significant correlation between the hor-
mone profiles and increased residual tumor size.

TABLE 6: Comparison of hormone profiles and post-operative
residuel mass increase.

Residual increase in size

Negative Positive
Hormone n % n % p value
Null cell 14 824 Y 176 0.101
Pluriform 13 81.3 3 18.8
ACTH 16 100.0 0 0.0
GH 15 789 4 211
Gonadotrope 8 615 5 385

ACTH: Adrenocorticotrop hormone; GH: Growth hormone.
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Gejman et al. in their study indicated that a
threshold value of 1.3% for the Ki-67 labeling index
could be considered as a very suggestive indicator for
post-operative tumor progression, but they did not
find a significant association between p53 overex-
pression and tumor progression or recurrence.'’ Tha-
par et al. in their study consisting of 70 pituitary
adenomas and 7 carcinomas demonstrated a highly
significant correlation between p53 expression and
biologic behaviour of pituitary tumors. They found
immunopositivity for p53 in a total of 12 cases in
their patient cohort in which all of them were either
invasive adenoma or pituitary carcinoma cases. They
concluded that p53 expression might have diagnostic
utility in the prediction of aggressive tumor behav-
iour.”” We also found a significant correlation be-
tween p53 gene expression positiveness and increase
in residual tumor dimensions.

I CONCLUSION

In conclusion, determination of Ki-67 proliferation
index and p53 gene expression levels in macroade-
nomas and their relationship to the hormone profiles,
invasiveness, preoperative primary tumor and post-
operative residual tumor dimension parameters can
be combined in the prediction of early tumor pro-
gression and patient prognosis. Thus, active survel-

liance and treatment protocols can be developed more
specifically with these combined protocols and may
be individualized for each patient. Further compre-
hensive studies are required to ratify our findings.
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