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Abstract 
Introduction: Pituitary adenomas are the third most common brain tumor comprising 10-
20% of primary brain tumors and nearly 25% are nonfunctioning pituitary adenoma (NFPA). 
NFPA are larger tumors and many of them are invasive and tend to recur or regrow. Regarding 
management of NFPA there is no clear common consensus for indication of adjuvant therapies. 
Study Design: A prospective study of clinically non-functioning pituitary adenoma cases 
operated in our institute from June 2013 to May 2014 were done.  
Patients Methods: Clinical data of patients, biochemistry, radiology, per-operative findings, 
histopathology, and immunohistochemistry (IHC) with proliferative index KI-67/MIB are 
analyzed and their correlation with biological aggressiveness is searched for.  
Results Total 30 cases were studied. Majority of them are found to have cells positive for 
LH/FSH (36.66%), and prolactin (PRL) (16.66%), ACTH (6.66%), GH (6.66%), Pleurihormonal 
(23.33%). In 10% tumors no hormone cell was positive hence termed Null cells. Radiological 
invasiveness was found in66.66% (20/30) cases and 30% of them had high KI-67.  
Conclusion KI-67/MiB and its relation with invasiveness of tumor, certain HPE type & 
Hormone markers may be key in understanding biological behavior of NFPAs & selection of 
patients for strict follow-up and adjuvant radiotherapy. 

Introduction 

Pituitary adenomas are the third most 
common brain tumor comprising 10-20% of 
primary brain tumors and nearly 25% are 
NFPA. By and large, NFPA are larger 
tumors and many of them are invasive and 

tend to recur or regrow [1,2]; as total 
resection of tumor is not always possible 
due to involvement of vital structures like 
optic apparatus, major vessel like internal 
carotid artery and hypothalamus. Regarding 
management of NFPA there is no clear 
common consensus for indication of 
adjuvant therapies. Adjuvant medical 
therapies like dopamine receptor agonists 
do not have any promising role [3, 4]. 
Postoperative radiotherapy (RT) is effective 
in selected cases [1, 5, 6, 7, 8]. Not all 
residual tumors regrow even when no RT is 
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Table-1: Hormone markers of NFPA on IHC 
 

Hormone 
markers 

LH/FSH PRL ACTH GH Pleuri 
Hormonal 

NullCell 

No of cases 
(% of total) 

11/30 
(36.66%) 

5/30 
(16.66%) 

2/30 
(6.66%) 

2 /30 
(6.66%) 

7/30 
(23.33%) 

3/30 
(10%) 

KI-67=0-1% 6 0 0 1 7 2 

KI-67=1-3% 4 2 1 1 0 1 

KI-67>3% 1 3 1 0 0 0 

 

Table-2: HPE& KI-67 Correlation 
 

HPE type Pseudopapillary Sinusoidal Trabecular Acinar Diffusely 
Arranged 

Amyloid Apoplexy papillary 

No of 
Patients 

10 2 2 2 10 1 1 2 

KI-67 
value 

4=3-5% 
6=1-3% 

1=3-5% 
1=1-3% 

0-1% 
all 

0-1% 
all 

4=0-1% 
5=1-3% 

1=10-15% 

0-1% 
all 

0-1% 
all 

0-1% 
all 

 

offered. Postoperative RT carries high 
chance of developing pan-hypopituitarism 
rendering patient hormone dependent and 
also affecting life expectancy [9]. There are 
reports of cardiovascular complication and 
sudden death due to hypopuitarism [10]. In 
addition, there are risks of neurocognitive 
impairment, development of radiation 
induced carcinomas, radiation damage of 
optic apparatus following RT for Pituitary 
tumors [2, 11, 12, 13, 14, 15, 16]. Considering 
the potential side effects and difficulty in 
selection of patients for postoperative RT, 
the usefulness of postoperative radiotherapy 
is still controversial. Selecting patients for 
RT is difficult as there are no specific 
markers of tumor aggressiveness. We 
studied IHC markers of NFPA along with 
KI-67/MIB index as marker of proliferation 
and its correlation with biological 
aggressiveness.KI-67 is the most widely 
accepted marker of proliferation 
[17,18,19,20].  

Patients and Methods 

Clinically and biochemically non-
functioning pituitary adenoma cases 
operated in our institute from June 2013 to 
May 2014 were included in the study. 

Patients with either clinical or biochemical 
evidence of pituitary hyperfunction were 
excluded. 

Clinical data, biochemistry, radiology, per-
operative findings, histopathological 
examination (HPE), IHC with proliferative 
index were analyzed.  

CT scan brain and sella with contrast and 
contrast MRI brain/sella were done to 
determine the tumor size, suprasellar and 
para-sellar extension and bony changes of 
sellar floor. These imaging studies were 
used to define invasiveness; extension 
beyond sella was termed to be invasive.  

HPE was done, histologic pattern of the 
tumor were identified. Histopathological 
examination with particular importance to 
pattern like papillary, pseudopapillary, 
trabecular, acinar, diffusely arranged, 
sinusoidal etc. were detected and their 
correlation with proliferative markers were 
analyzed. 

 Immunohistochemistry done for hormonal 
markers for LH/FSH, ACTH, hGH, TSH, 
hProlactin along with synaptophysin and 
proliferative marker KI-67/MIB by using 
Biogenex ready-to-use test kit after antigen 
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Figure 1: Age distribution 
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Figure 2: Sex distribution 
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retrieval. Antigen retrieval was done by 
retriever and using appropriate buffering 
agent. Correlation of KI-67/MiB with 
various IHC markers, histological pattern 
and aggressiveness in terms of radiological 
& clinical behavior were looked for.  

Patients were followed up with contrast 
MRI sella at immediate post-operative, at 6 
months post-operative and at 18 months 
post-op. Amount of any residual tumor and 
recurrence or increase in tumor size were 
identified on an average follow up of one 
year (maximum 19 months and minimum 6 
months of follow-up). 

Results 

Total 30 cases of NFPA are studied and IHC 
findings are like given in Table-1.Most cases 
were found between 30-50 years of age, only 
1 case was found below20 years and 1 case 
above 60 years of age (Figure 1). Female sex 
was predominant (Figure 2). 

Twenty percent patients having high KI-
67/MIB-1 value above 3%. Tumors having 
prolactin and ACTH secreting cells were 
found to have higher KI-67 value (Table1). 
Radiological invasiveness, as determined by 
MRI/CT brain & sella, were found in 16 out 
of 30 cases; 6 out of 16 had high KI-67 
(37.50%) and 14 out of 16 (87.50%) had KI-
67 value>1% (Table3). 

Cases confined to sella mostly had KI-
67<1%. This shows that tumors with high 
KI-67 have higher chance of being invasive. 
Histopathological patterns were analyzed 
and their relation with proliferative index 
was searched (Table2) and it was seen that 
diffusely arranged and pseudopapillary 
patterns had high KI-67. Sinusoidal pattern 
showed high as well as low KI-
67.Gonadotrophins (LH/FSH) constituted 
the majority (36.66%) of hormonal markers 
(Figure 3). 

Discussion 

Various case series show different views 
regarding correlation of KI-67 with 
invasiveness of pituitary adenomas.  

Shibuya et al., studied 65 cases of pituitary 
adenomas and their KI-67 values and found 
high values of KI-67 in recurrent, 
nonfunctioning and ACTH secreting 
adenomas [21]. In our study we also found 
similar results.  

Ekramullah et al., found that mean KI-67 
index was higher among recurrent 
adenomas. They studied 14 regrowing NFPA 
and 19 cases without recurrence/regrowth 
and found that KI-67 index was higher in 
the regrowing group and this difference was 
statistically significant [22]. In our series we 
got significantly high KI-67 value in 
recurrent cases. Thapar et al., studied 70 
cases of pituitary adenomas and seven 
carcinomas and found that mean KI-67 
index was 1.37% in non-invasive, 4.66% in 
invasive and 11.9% among carcinomas [23]. 
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Table-3: KI-67 & Radiological invasiveness 
KI-67 Value No of 

Patients 
Radiological 
invasiveness 

Positive Negative 
0-1% 12 2 10 
1-3% 12 8 4 
3-5% 5 5 0 
>5% 1 1 0 

 

 

Figure 3: Hormone Positivity 
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Our series showed that 87% of invasive 
cases have KI-67>1% and 37% of invasive 
cases have KI-67>3%. Asano et al., studied 
63 cases of pituitary adenomas and found 
high KI-67 values ranging 2-6% in prolactin 
secreting tumors and low values in GH 
secreting tumors, these tumors were 
functional tumors [17].  

Landolt et al., studied 31 cases of pituitary 
adenomas and found KI-67 values between 
1-3.7% in ACTH secreting and invasive 
tumors [24]. In our study we found that 
among tumors with high KI-67 value; 50% 
have prolactin secreting cells and 20% have 
ACTH secreting cells and 20% have 
gonadotrophin secreting cells as identified 
by IHC. Tumors having GH secreting cells 
and Pleurihormonal cells are showing low 
KI-67 value. L Mastronardi et al., after 
analyzing 103 cases suggested that tumors 
with high KI-67 value are destined for post-
op relapse [18]. Knosp et al., reported 
higher Ki-67 labelling index (p < 0.05) in 
histologically invasive adenomas [25]. Daita 
et al., observed a higher MIB-1 positive ratio 
with dural invasion than with non-invasive 
tumors(p < 0.05) [20].However, other 
authors failed to find any significant 
correlation between KI-67 and tumor 
invasiveness, recurrence or hormone types 
[26,27,28]. 

Wolfsberger et al., considered KI-67 as gold 
standard to assess proliferation in NFPA 
[29]. Rishi et al., studied 77 NFPA and 
observed low KI-67/MIB-1 in NFPA and 
found no relation bet age sex or duration of 
symptoms [30].While going through the 
literature we could not find any study which 
analyzed proliferative index KI-67 in NFPA 
and its correlation in terms of invasiveness, 
hormone cells present and histopathologic 
pattern. That’s how this study is unique.  

  As found by many authors we also found a 
strong correlation between invasive tumors 
and high KI-67. We found that tumors 
having Prolactin & ACTH secreting cells 
were showing high proliferative index which 
was earlier observed in similar functional 
tumors [24]. Invasive tumors were found to 
have high KI-67 value which is supported by 
studies of many authors [17, 18, 20, 21, 22, 
23, 24, and 25]. In our series we found very 
high KI-67 value in recurrent tumor (10-
15%). Also we studied and found that HPE 
types like “diffusely arranged” and 
“pseudopapillary” pattern were showing 
high KI-67 in most cases. So we put these 
types of HPE in “alarming zone” and 
patients are advised post-op radiotherapy 
and stricter follow-up. “Sinusoidal” type 
showed mixed value and were put in grey 
zone. 

Conclusion 

These correlations of proliferative index 
may be an important determining factor in 
selecting patients for post-operative RT i.e. 
offering RT to patients of high proliferative 
index and avoiding potential adverse effects 
of RT in patients of low proliferative index. 
Predicting recurrence and selecting patients 
for strict follow-up may also be possible. 

Learning points: 

•High KI-67/MIB-1 index in pituitary 
tumors predicts increased chance of 
recurrence. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Mastronardi%20L%5Bauth%5D
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•Non-functioning pituitary tumors with 
ACTH and Prolactin markers in 
immunohistochemistry have higher 
predilection for recurrence. 

•Patients having tumors with high 
proliferative index or high chance of 
recurrence are good candidates for post-
operative radiotherapy. 

• Patients having tumors with high 
proliferative index or high chance of 
recurrence are to be followed strictly at 
frequent intervals. 
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