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ANNOTATION

The aim of the study is to perform a comparative analysis of immunocytochemistry (IHC) data from groups of 
patients with macro- and giant inactive pituitary adenomas.

Material and Methods of Research: We studied 20 patients with non-functional pituitary adenomas – NFPA- 
(Group 1 - 10 pituitary macroadenomas and Group 2 - 10 giant pituitary adenomas) who underwent transnasal 
pituitary adenomectomy. All patients underwent examinations, including examination of the fundus, measure-
ment of visual fields every 3 months, studies of the levels of STH, IGF-1, LH FSH, ACTH, TSH, prolactin, free thy-
roxine, cortisol, as well as immunohistochemical studies of operated patients with determination of the levels 
of expression of Ki67, p53.

Research Results: It was found that the presence of aggressive NFPA increases by 8.2 times (p < 0.001) when 
there is an invasive nature of growth (sensitivity 86%, specificity 53%, Youden index 0.45, accuracy 66%). The 
coefficient is 5.2 (p < 0.001) per percentage point of Ki67-positive tumor cell nuclei, and 3.1 (p < 0.001) per 
percentage point of p53-immunopositive nuclei.

Conclusion:

1.	 We identified significant cutoff values for p53 (≥2%; CI: 0.94). The most reliable individual marker for dif-
ferentiating macro-NFPA from giant- NFPA was the Ki-67 labeling index ≥ 4% (CI: 0.98).

2.	 The most reliable individual marker for differentiating macro- NFPA and giant- NFPA was the Ki-67 labeling 
index ≥ 4% (CI: 0.98). Tumors with immunoexpression of at least 2 markers were observed in 54% of the 
cohort and were assessed as aggressive adenomas: for p53 - 4 patients in group 1 and 5 patients in group 
2, for Ki 67 - 5patients in group 1 and 6 patients for group 2, in total 11 patients out of 20 IHC examined 
had a risk of growth relapse.    
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Relevance
Patients with NFPA have a lower chance of remission than pa-

tients with functioning pituitary adenomas [1]. NFPAs can progress 
after surgical treatment, with regrowth rates of 15–66% in NFPA pa-
tients treated with surgery alone and 2–28% in patients treated with 
surgery and radiotherapy [2-4]. Therefore, long-term radiographic 

surveillance after NFPA treatment is recommended. The recurrence 
rate of NFPA peaks between 1 and 5 years after surgery and declines 
after 10 years. Therefore, 10 or more years of postoperative imaging 
is indicated, and some studies suggest lifelong monitoring, particular-
ly in patients with tumor remnants [5]. Convincing prognostic factors 
for pituitary tumor recurrence have not yet been identified. Clinical 
factors such as age, gender, tumor size, and tumor invasion have been 
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shown to have limited prognostic value for tumor progression. On 
the other hand, Ki-67 has been described as an independent cellular 
marker of tumor progression and recurrence [5]. Recently, Raverot G, 
et al. [6] proposed classifying pituitary tumors into five grades that 
can be used by clinicians to predict tumor behavior after surgery. This 
classification system is based on predictor factors such as tumor inva-
sion on MRI, immunohistochemical profile, mitotic index, Ki-67, and 
p53 positivity, which can be used to identify patients at high risk of 
tumor recurrence or progression [6].

According to the recent WHO classification, asymptomatic corti-
cotroph tumors (e.g., approximately 15% of all NFPA s) and sparsely 
granulated somatotroph tumors (e.g., approximately 2% of all NFPAs) 
are generally more aggressive because they tend to have invasive 
growth and a high recurrence rate. Furthermore, Li et al. showed that 
the extent of resection and adjuvant treatment are independent prog-
nostic factors for progression-free survival [7]. Another study found 
that combined treatment with surgery and radiotherapy is more ef-
fective than surgery alone in preventing tumor recurrence [8]. How-
ever, there are concerns about long-term complications of radiation 
therapy (eg, hypopituitarism, radiation-induced optic neuropathy, in-
creased risk of cerebrovascular events and secondary brain tumors). 
The aim of the study is to perform a comparative analysis of immu-
nocytochemistry data from groups of patients with macro- and giant 
NFPA.

Material and Methods of Research
We studied 20 patients with NFPA (Group 1 - 10 pituitary mac-

roadenomas and Group 2 - 10 giant pituitary adenomas) who under-
went transnasal pituitary adenomectomy. The pituitary neurosurgery 
department of the Republican Specialized Scientific and Practical 
Medical Center of Endocrinology enrolled 12 patients between 2020 
and 2022. Of these, 12 were men (60%) and 8 were women (40%). 
The average age of men was 48.12 years, while that of women was 
46.15 years. The control group consisted of 10 healthy individuals 
with normal pituitary tissue. The maximum mean tumor diameter 
determined by MRI diagnostics was 44.7±13.6 mm in 10 patients 
with giant NFPA s, and macroadenomas > 30 mm were present in 
10 patients. All patients underwent examinations, including fundus 
examination, visual field measurements every 3 months, studies of 
the levels of STH, IGF-1, LH, FSH, ACTH, TSH, prolactin, free thyrox-
ine, cortisol, as well as immunohistochemical studies of operated pa-
tients with the determination of the expression levels of Ki67, p53. 
In addition, the AKU scale (2022) was introduced for the first time to 
predict the degree of tumor removal in the preoperative period. Im-
munohistochemical studies (IHC) were performed under a contract at 
the pathomorphology laboratory of IPSUM Pathology LLC (1 Bogiston 
Street, Tashkent).

The study was performed under a contract at the IHC laboratory 
at the Tashkent City Oncology Clinic. Prepared paraffin blocks with 
confirmed diagnoses of pituitary adenoma were used. Serial 3-µm-
thick sections were deparaffinized, dehydrated, and undetected. 
Antigen staining was performed using a specialized automated Ven-
tana Benchmark XT system (Roche, Switzerland). The study was per-
formed with ki-67 (30-9) and P53 (Bp53-11) antibodies. Ki67. IHC 
assessment of sections: the proliferative activity of tumor cells in the 
nuclear compartment was assessed. P53. IHC assessment of sections: 
To verify abnormal (mutant) p53 expression, expression in more than 
75% of cells in the affected area was considered. Negative expression 
or weak staining of the nuclear locus in up to 70% of cells was inter-
preted as the natural (wild) type.

Statistical Analysis
The obtained data were processed using Microsoft Excel and STA-

TISTICA-6 software. The significance of differences in quantitative 
indicators (n>12) was determined using the Wilcoxon signed-rank 
test for unrelated ranges; the nonparametric Fisher component ran-
domization test for independent samples was used to determine the 
significance of small samples (n<12); and the Fisher-Irvine exact test 
was used for qualitative values. Differences between groups were 
considered statistically significant at P<0.05, correlation analysis 
was carried out using the nonparametric Spearman rank correlation 
method.

Research Results
The next step of our research was to analyze the results of the 

ICC studies. We aimed to obtain reliable threshold values for both 
p53, and for the mitotic index. In addition, we analyzed the influ-
ence of all individual parameters (invasiveness, Ki67 index, p53) on 
the selectivity of adenoma subtype differentiation. Table 1 provides 
the immunohistochemical characteristics of the study groups. Table 
2 shows the statistical values of the main IHC indicators in group 1 
of patients with macroadenomas. Table 3 shows the statistical values 
of the main IHC parameters in group 2 of patients with giant NFPA. 
As can be seen from Tables 2 and 3, the very high specificity value 
(95%/93%) proves that p53 protein expression ≥2%/≥2% (Youden 
index 0.87/0.92) is an extremely useful and important parameter. 
However, even a completely negative staining result does not exclude 
the possibility of aggressive/invasive tumor growth, as indicated by 
the relatively low sensitivity [1]. Next, we performed a correlation 
analysis of the relationship between MRI and immunohistochemistry 
indicators. Maximum tumor diameter was associated with stronger 
immunostaining for Ki-67 (p = 0.009), but no significant association 
was found for p53 (p = 0.062). Parasellar invasion was present in 
more than 80% of cases; however, invasion was not associated with 
proliferative markers.
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Table 1: Immunohistochemical characteristics of the study groups.

Diagnosis of the Disease Group 1 – patients with macro NFPA – 10 
persons

Group 2 – patients with giant NFPA – 10 
persons

Zero cell 8 (80%) 8 (80%)

P53    

>/3+ 4 (40%) 5 (50%)

Ki 67    

>/2+ 5 (50%) 6 (60%)

Clinicopathological classification    

1A 1 (10%) 1 (10%)

1B 1 (10%) 1 (10%)

2A 3(30%) 2 (20%)

2B 5 (50%) 6 (60%)

Table 2: Statistical values of the main IHC indicators in group 1, n=10.
Indicators PZ Ch Sp Index Juden CI accuracy in % OSH, DI r

Ki-67 positive nuclei, % ≥ 4 0.91 0.95 0.89 95 4.8 3.7-6.9 <0.001

Positive nuclei p-53, % ≥2 0.87 0.92 0.87 93 3.9 1.8-4.5 <0.001

invasiveness   There is  0.86  0.53 0.45 66 4.3 3.9-6.2   <0.001 
Note: PV – threshold values, p – significance criterion, S – sensitivity, Sp – specificity, R – correlation with invasiveness, OR – odds ratio, CI – confidence 

interval, PV – threshold value

Table 3: Statistical values of the main IHC indicators in group 2, n=10.
Indicators PZ Ch Sp Index Juden CI accuracy in % OSH, DI r

Ki-67 positive nuclei, % ≥ 3 0.93 0.9 0.84 93 4.5 3.9-6.5 <0.001

Positive nuclei p-53, % ≥2 0.89 0.88 0.92 96 3.7 1.9-4.8 <0.001

invasiveness  There is 0.88 0.56 0.5 68 4.8 3.6-5.9   <0.001
Note: TS – threshold values, p – significance criterion, S – sensitivity, SP – specificity, R – correlation with invasiveness, OR – odds ratio, CI – confidence 
interval

In conclusion, our results showed that in all patients with giant 
pituitary adenomas, the absence of parasellar invasion was associat-
ed with a higher rate of tumor stability after treatment (p = 0.0389; 
Pearson residual = +3). However, parasellar invasion was not asso-
ciated with the outcomes of tumor regrowth/recurrence and cure/
shrinkage. Infrasellar invasion and suprasellar extension were not 
considered good prognostic markers of clinical outcome. However, 
there was a tendency to associate the absence of extension into the 
third ventricle with a higher likelihood of tumor stability after treat-
ment. Proliferative tumors, but mainly those classified as grade 2B 
(invasive-proliferative), showed a significant association with the rate 

of tumor regrowth/recurrence (p = 0.0127), confirming that these le-
sions should be considered as highly suspicious for neoplastic prolif-
eration. Giant NFPA are often accompanied by invasive growth into 
surrounding anatomical structures (more than 80% of cases), which 
is the main factor limiting the radicality of surgical intervention and 
increasing the number of relapses. Thus, it can be said that the pres-
ence of aggressive NFPA increases by 8.2 times (p < 0.001) when an 
invasive growth pattern is present (sensitivity 86%, specificity 53%, 
Youden index 0.45, accuracy 66%). The coefficient is 5.2 (p < 0.001) 
per percentage point of Ki67-positive tumor cell nuclei, and 3.1 (p < 
0.001) for each percentage point of p53-immunopositive nuclei.
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In all patients with giant pituitary adenomas, the absence of 
parasellar invasion was found to be associated with a higher rate of 
tumor stability after treatment (p = 0.0389; Pearson residual = +3).
It has been established that the greatest value for prognosticating tu-
mor recurrence in NFPA are the Ki-67 labeling index ≥4% (OR = 3.67), 
brain invasion (3.34), suprasellar invasion (OR = 3.24), and disease 
duration (3.18). Genetic predisposition plays a significant role in the 
development of tumor recurrence. The frequency of the hereditary 
factor in NFPA is 78.78% (OR = 2.51).

Conclusion
1.	 We identified significant cutoff values for p53 (≥2%; CI: 

0.94). The most reliable individual marker for differentiating macro- 
NFPA from giant- NFPA was the Ki-67 labeling index ≥ 4% (CI: 0.98).

2.	 The most reliable individual marker for differentiating mac-
ro- NFPA and giant NFPA was the Ki-67 labeling index ≥ 4% (CI: 0.98).
Tumors with immunoexpression of at least 2 markers were observed 
in 54% of the cohort and were assessed as aggressive adenomas: for 
p53 - 4 patients in group 1 and 5 patients in group 2, for Ki 67 - 5pa-
tients in group 1 and 6 patients for group 2, in total 11 patients out of 
20 IHC examined had a risk of growth relapse.    
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