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Summary
	 Background:	 Microvessel density in angiogenesis is regarded as a prognostic factor of tumour invasiveness, in-

dependent of cell proliferation. In recent studies of pituitary tumours, correlation between the ex-
pression of cyclooxygenase-2 (COX-2) and micro-vascularization density and microvessel surface 
density has been established. We studied the expression of COX-2 in different types of pituitary 
adenomas to determine the usefulness of COX-2 expression as a prognostic factor of tumour pro-
gression or recurrence in patients with hypophyseal tumours.

	Material/Methods:	 We retrospectively studied a group of 60 patients of mean age 46.7±17.6 (range, 18 to 85) years 
who underwent pituitary tumour surgery. Expression of COX-2, as determined by immunohisto-
chemistry, was analyzed in relation to histopathology features of tumour, clinical symptoms, MR 
imaging and post-operative recurrence/progression of disease.

	 Results:	 COX-2 was expressed in adenomas of 87% of patients, with a median index value of 57.5% [IQR=60.5]. 
Highest COX-2 expression was observed in hormonally inactive adenomas and gonadotropinomas 
and lowest in prolactinomas. We found no differences in COX-2 expression with respect to patient 
age, gender, tumour size, degree of tumour invasiveness, or whether tumours were immunoposi-
tive or immunonegative for pituitary hormones, nor have we found any relation between COX-2 
expression and recurrence or progression of tumour size.

	 Conclusions:	 COX-2 does not appear to be a predictive factor for recurrence or progression of tumour size. 
Nevertheless, due to the observed relatively high expression of COX-2 in pituitary adenomas, fur-
ther studies with COX-2 inhibitors are justified in these tumours.
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Background

Currently, pituitary tumours are classified as pituitary ad-
enomas or carcinomas; pituitary adenomas being distin-
guished as either typical or atypical [1].

While pituitary cancer is rare, some pituitary adenomas ex-
hibit malignant features only locally, with local invasion and 
infiltration of structures adjacent to sella turcica (ie, sinus 
cavernosus), as well as rapid post-surgery regrowth. Large 
tumour size with local invasion, post-operative regrowth of 
tumour mass, or persistence of hormonal function despite 
near total resection, are potential indicators of aggressive-
ness of atypical adenomas [2–5]. Therefore, after neuro-
surgery, atypical adenomas should be followed by careful-
ly adjusted therapy.

Early selection of patients with aggressive pituitary adeno-
mas, specific molecular markers, prior to later confirmation 
of tumour recurrence by MR imaging, would allow such pa-
tients to be treated most effectively.

COX-2 is an accepted marker of angiogenesis and cancer-
ogenesis in many tumours [6], such as adenocarcinomas 
of the gastrointestinal tract [7] or carcinomas of the breast 
[8,9], pancreas [10], prostate [11] and bladder [12,13]. 
Among other effects, high cellular concentration of COX-
2 inhibits apoptosis and enhances Bcl 2 protein concentra-
tion, thus stimulating cell proliferation [14]. Overexpression 
of COX-2 leads to activation of metalloproteinases, increas-
es production of proangiogenic factors and decreases that 
of E-cadherin, thus enhancing tumour growth and inva-
siveness [15–17].

It has been generally accepted that application of non-ste-
roidal anti-inflammatory drugs (NSAIDs) which are cyclo-
oxygenase inhibitors, reduces the relative risk of cancers of 
the gastrointestinal tract, including colon cancer [18–21]. 
Therefore, NSAID may be useful in cancer treatment and 
prevention [22].

In the case of pituitary adenoma, the extent of angiogen-
esis is a prognostic predictor of invasiveness in some tu-
mour types, such as macroprolactinomas, independent of 
cell proliferation [23,24]. Correlation between COX-2 ex-
pression and microvessel density in pituitary tumours has 
recently been established [25–27]. Interestingly, over-ex-
pression of COX-2 was found in some non-functioning pi-
tuitary tumours, the pharmacological treatment of which 
is currently quite limited.

The aim of our work was to evaluate the expression of COX-2 
and to investigate the usefulness of COX-2 expression as a 
prognostic factor of tumour regrowth or recurrence of dis-
ease in the treatment of patients with pituitary adenoma.

Material and Methods

The clinical material consisted of a group of 60 patients 
diagnosed with pituitary adenoma and treated at our 
Department of Endocrinology, Jagiellonian University 
Medical College (UJCM) during the years 2003–2006. These 
patients underwent neurosurgery at the Department of 
Neurosurgery, UJCM. The tumours were surgically removed 

by transsphenoidal resection and complementary cranioto-
my was performed where required. Patients underwent sur-
gery independently of their pre-operative pharmacological 
treatment. The final diagnosis of these patients was based 
on demographic and clinical data, results of histopatholo-
gy of post-surgical specimens and evaluation of MR imag-
ing retrieved retrospectively from the medical records of 
these patients. The study was approved by the Bioethics 
Committee of the Jagiellonian University Medical College.

Imaging

Tumour size, defined as its largest dimension, and tumour 
relation to adjacent bone structures (sella turcica destruc-
tion, penetration into sinus cavernous, optic chiasm com-
pression, suprasellar propagation) were evaluated in MRI 
prior to, and 3–6, 12, 24, 36 and 48 months following sur-
gery. Tumour invasiveness was defined by radiological cri-
teria [28,29] and from surgeons’ descriptions found in the 
medical records of patients. All MR images were performed 
at one department of radiology, using routine T1-weighted 
spin-echo sequences, before and after administration of 
0.1 mmol gadolinium chelate and evaluated by one expe-
rienced radiologist.

Pharmacotherapy

Patients with functioning pituitary tumours, who, due to 
prolactin hypersecretion, required pharmacological treat-
ment, received dopamine agonists (bromocriptine, quina-
golide, cabergoline). Patients diagnosed with acromegaly 
were treated with somatostatin analogues (octreotide) pri-
or to surgery. Patients with pituitary insufficiency received 
hormone substitution: hydrocortisone, L-thyroxine, and 
sex hormones where applicable. None of the patients were 
treated with NSAIDs. Prior to surgery none of the patients 
were diagnosed with diabetes insipidus.

Histopathology

Pituitary adenoma specimens obtained via neurosurgery 
were classified according to WHO criteria [1]. For immu-
nohistochemistry, specific primary antibodies against pitu-
itary hormones (ACTH, GH, PRL, TSH, LH, FSH [Dako, 
Glostrup, Denmark]) were used. All specimens were eval-
uated by the same experienced pathologist. Type of hema-
toxylin and eosin staining (acidophilic, basophilic, chromo-
phobic), polymorphism of cell nuclei, presence of mitotic 
figures, and presence of immunopositive staining for ante-
rior pituitary hormones, were analyzed. Tumours with no 
expression of ACTH, GH, PRL, TSH, LH or FSH were clas-
sified as hormone immunonegative adenomas [1].

COX-2 expression as evaluated by immunohistochemistry

Standard diagnostics of pituitary adenoma was supple-
mented, accordingly, by immunohistochemical staining 
for cyclooxygenase-2 (COX-2), by monoclonal IgG-class 
antibodies synthesized on the basis of murine myeloma 
(p3-NS1-Ag4-1) directed against N-terminal domain (ami-
noacids 38 do 163) of human cyklooxygenase-2 (NCL-
COX-2 by Leica Microsystems), in optimum working dilu-
tion (1: 100). Sections of 5 µm thickness were used. After 
routine deparaffinization, rehydration and blocking of 

Med Sci Monit, 2012; 18(4): CR252-259 Sokołowski G et al – Cyclooxygenase-2 in pituitary tumors

CR253

CR



endogenous peroxidase activity, sections were subjected 
to antigen retrieval by microwave treatment at 95°C in ci-
trate buffer, pH=6.0. Subsequently, slides were incubated 
with primary antiserum (NCL-COX-2), followed by incu-
bation with secondary anti-murine antibody IgG-poly-HRP 
(NovoLink Polymer RE7112). Peroxidase activity was devel-
oped with diaminobenzidine (DAB solution RE7105) serv-
ing as chromogen, in NovoLink™ DAB Substrate Buffer 
(Polymer) RE7143. Finally, slides were stained with hema-
toxylin (Hematoxylin RE7107).

To confirm the specificity of the primary antibody, posi-
tive and negative control tests were performed, following 
the manufacturer’s instructions. Sections of human colon 
carcinoma were included as positive control. The negative 
control test included substitution of primary antibody with 
phosphate buffered saline, pH=7.4.

COX-2-immuno-stained sections were evaluated by 1 expe-
rienced pathologist using an optical microscope (NIKON 
OPTISHOT-2). Cells were evaluated over 10 different fields 
of view at 400× magnification using a reference grid. The 
COX-2 index was evaluated as the percentage of positive-
ly stained cells with respect to the total number viewed. In 
each section, the number of cells scored was 2000 or more.

Statistical analysis

The dependence between COX-2 expression and morpho-
logical features of pituitary adenoma, results of imaging 
and hormonal function prior to and post-surgery and type 
of pharmacological treatment prior to surgery and patient 

demographic data, were analyzed. Basic statistics and com-
parative analysis appropriate to the distributions of data 
points were performed. In these analyses, Kolmogorov-
Smirnov, Mann-Whitney U, Kruskal-Wallis and Fischer’s 
exact tests were applied. Wherever applicable, median val-
ues and inter-quartile ranges [IQR] were given. In Kaplan-
Meier plots time-to-incidence were given, with 48 months 
as the last observation period. Statistic tests were generated 
using the GraphPad package (GraphPad Prism version 5.03 
for Windows, GraphPad Software, San Diego, CA, USA).

Results

Results, based on retrospective analysis of this group, are 
shown in Table 1.

In our group, 43 cases (71.7%) of adenoma chromophobum, 
10 cases (16,7%) of adenoma acidophilicum and 7 cases 
(11,6%) of adenoma partim acidophilicum were found, 
as based on histopathology records. Polymorphism of cell 
nuclei and presence of mitotic figures suggestive of more 
“aggressive” behavior were found in 6 (10%) of the exam-
ined adenomas.

Basing on immunohistochemistry records, occurrence of 
hormone immunopositive staining (ACTH, PRL, GH, TSH, 
LH, FSH) was established in 41 cases (68.3%) (Table 1). In 
some adenomas, expression of more than one hormone 
was found.

Recurrence or progression of pituitary tumour, as diag-
nosed by MRI, was stated in 22 patients (36.7%), including 

General 
data

Age, years  46.7±17.6

Gender: Female (%) / Male (%) 37 (62%)/23 (38%)

Overt symptoms (%) / Incidentaloma (%) 43 (71.7%)/17 (28.3%)

Imaging results Largest dimension of tumour [mm] 25.1±17.6

Microadenoma (%) / Macroadenoma (%) 14 (23.3%)/46 (76.7%)

Largest dimension of microadenoma [mm] 5.9±2.2

Largest dimension of macroadenoma [mm] 31.0±16.0

Patients with destruction of sella turcica (%) 	 16	 (26.7%)

Patients with cavernous sinus penetration (%) 	 36	 (60.0%)

Patients with optic chiazm compression (%) 	 36	 (60.0%)

Final classification 
of pituitary adenomas 

in patient group

Patients with clinically non-functioning adenoma (%) 	 19	 (31.7%)

Patients with prolactinoma (%) 	 13	 (21.7%)

Patients with acromegaly (%) 	 16	 (26.7%)

Patients with Cushing disease (%) 	 4	 (6.7%)

Patients with ganadotropinoma (%) 	 5	 (8.3%)

Patients with thyrotropinoma (%) 	 1	 (1.7%)

Patients with silent-ACTH adenoma (%) 	 2	 (3.4%)

Table 1. Patient characteristics (n=60, mean value ±1 SD, where given).
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7 patients with negative staining for pituitary hormones, 
over a period of 3 to 48 months of observation (Figure 1).

In 6/60 (10%) of our patient group, recurrence was stat-
ed by MRI within the first year of observation, the respec-
tive percentages after the second, third and fourth year of 
observation being 13.3%, 5%, and 8.3%. Recurrence of 
hyperfunction of anterior pituitary was stated in 15/60 pa-
tients (25%), in 8 of them within the first year of observa-
tion (Figure 2).

COX-2 expression: general characteristics

COX-2 expression, as determined by immunohistochemistry 
was stated in 52 (86.7%) of 60 cases of pituitary adenoma. 
COX-2 immunoreactivity was present in cell cytoplasm, re-
stricted to several areas of the tumour. Nuclei were stained with 
hematoxylin (Figure 3). Values of the COX-2 index ranged 
between 0% and 100%, with a median value for all specimens 
of 57.5% [IQR=60.5]. The median value of COX-2 index for 
52 COX-2 immunopositive adenomas was 67% [IQR=53.5].

Figure 1. �Kaplan-Maier plots of MRI-observed recurrence/progression of pituitary adenoma against COX-2 index in patients of the studied group 
(n=60); (A) grouped with respect to values of COX-2 index: COX-2 index =0% (n=2/8 patients, 25.0%); 0% <COX-2 index ≤35% 
(n=4/14 patients, 28.6%); 35% <COX-2 index ≤70%(n=6/16 patients, 37.5%); 70% <COX-2 index ≤100% (n=10/22 patients, 45.5%); 
(B) grouped with respect to COX-2 index ≤ median (n=10/30 patients, 33.3%); COX-2 index > median (n=12/30 patients, 40.0%)

A B

Figure 2. �Kaplan-Maier plots of hormone secretion recurrence of pituitary adenoma against COX-2 index in patients of the studied group (n=60); 
(A) grouped with respect to values of COX-2 index: COX-2 index =0% (n=3/8 patients, 37.5%); 0% <COX-2 index ≤35% (n=3/14 
patients, 21.4%);35% <COX-2 index ≤70%(n=2/16 patients, 12.5%); 70% <COX-2 index ≤100% (n=7/22 patients, 31.8%); (B) grouped 
with respect to COX-2 index ≤ median (n=7/30 patients, 23.3%); COX-2 index > median (n=8/30 patients, 26.7%).

A B
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No significant difference between COX-2 expression between 
female and male patients was found (56.0% [IQR=59.5] vs. 
62.0% [IQR=63.0], p>0.05), nor was any correlation found 
between values of COX-2 indices and age of patients.

Hormone immunonegative adenomas and gonadotropi-
nomas showed the highest median values of COX-2 index 
– 70.0% [IQR=37.0], and 70.0% [IQR=96.5] respectively – 
while in prolactinomas the values of this index were the low-
est, at 32.0% [IQR=75.0]. No statistical differences in median 
values of this index were stated between groups of patients 
classified according to their final diagnosis (Figure 4).

No significant differences in COX-2 expression were ob-
served between patients with pituitary hormone immuno-
positive and -negative adenomas, defined here as tumours 
with no expression of ACTH, GH, PRL, TSH, LH and FSH 
(52.0% [IQR=75.0] vs. 70.0% [IQR=37], p>0.05), indepen-
dently of whether patients were treated with somatostatin 
analogues or with dopamine agonists.

COX-2 expression and expression of specific pituitary 
hormones

Basing on our immunohistochemistry results, we studied 
the relation between expression of COX-2 and presence 
of immunopositive staining for specific anterior pituitary 

hormones. In terms of the median and IQR values of the 
COX-2 index, expression of COX-2 appeared not to be 
related to the expression of specific pituitary hormones. 
However, in the case of GH-positive and PRL-positive tu-
mours, we noted a tendency for COX-2 expression to be ei-
ther quite low or very high, suggesting that these distribu-
tions are not well described by their median and IQR values.

COX-2 expression and MR imaging

No correlation of expression of COX-2 in patients with pitu-
itary adenoma was found with respect to tumour size, nor was 
any significant difference found between values of COX-2 in-
dices between groups of patients with macro- and micro-ad-
enomas (57.5% [IQR=61.5] vs. 62.5% [IQR=71.2], p>0.05).

We studied COX-2 expression in patients grouped separate-
ly according to various indications of tumour invasiveness 
(destruction of sella turcica, tumour suprasellar extension, 
cavernous sinus penetration, and optic chiasm compres-
sion) against groups of patients in whom no such features 
were visible, finding no significant changes in COX-2 ex-
pression between groups so defined (Fisher’s exact test).

Next, statistical analysis (Mann Whitney U test) was per-
formed to compare COX-2 expression between the group of 
patients without any of the above signs of tumour invasiveness 

Figure 3. �Expression of COX-2 in pituitary adenomas (optical microscope, magnification 200×); (A) female, 66 yrs: gonadotropinoma, COX-2 index 
=0%; (B) female, 75 yrs: gonadotropinoma, COX-2 index =100%.

A B

Figure 4. �Expression of COX-2 in patients with 
pituitary adenoma grouped according to 
their final diagnosis. Median values of 
COX-2 index (IQR) are given: Acromegaly 
58.0% (IQR=81.3),Cushing disease 
55.5% (IQR=37.0), prolactinoma 
32.0% (IQR=75.0), gonadotropinoma 
70.0% (IQR=96.5), thyrotropinoma 
5.0% (IQR=0.0), silent-ACTH 60.5.0% 
(IQR=55.0), NFA 70.0% (IQR=37.0).
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against patients with 1 or more such signs. In this compar-
ison (Figure 5), the median values of COX-2 indices were: 
65.0% non-invasive tumours [IQR=72.0], and 56.0% inva-
sive tumours [IQR=57.0], p>0.05.

COX-2 expression and recurrence of disease or tumour 
regrowth in MRI

In general, we found no statistically significant relation be-
tween expression of COX-2 and recurrence of disease or tu-
mour regrowth as evidenced by MRI. No difference in dis-
ease recurrence frequency was stated between the group of 
patients with no expression (2/8 patients) and the group 
with positive COX-2 expression (20/52 patients), median 
COX-2 indices: 0.0% [IQR=0] and 67% [IQR=53.5]. We next 
studied the COX-2 indices in relation to the frequency and 
time distribution of MRI-observed tumour recurrence/pro-
gression in our patients, presented in the form of Kaplan-
Meier plots. In these plots, frequencies and times of recur-
rence were plotted for groups of patients selected according 
to values of their COX-2 indices: over 4 ranges of COX-2 in-
dex values (Figure 1A) or above and below the median value 
of COX-2 index over the whole group of 60 patients (Figure 
1B). In our analysis, again using Kaplan-Meier plots, of the 
relation between frequency and time of recurrence/progres-
sion and COX-2 indices in patients with positive expression 
of ACTH, GH, PRL, TSH, LH, and FSH and no expression 
of these hormones, we found no such relation.

COX-2 expression and hormone secretion recurrence

In terms of the COX-2 index and frequency and time of re-
currence of tumour hormonal secretion, no statistically sig-
nificant differences were found (Figure 2A, B).

COX-2 expression and pharmacotherapy

Administration of somatostatin analogues in 8 of 16 acro-
megalic patients prior to surgery did not affect the expres-
sion of COX-2 in their tumour cells compared to patients 

in whom no such pharmacotherapy was applied (COX-2 in-
dex median values: 58.0% [IQR=84.2] vs. 67.0% [IQR=74.7], 
respectively, p>0.05). We found the same result in 5 of 13 
patients with prolactinoma treated with dopamine ago-
nists prior to surgery (COX-2 index median values: 77.0% 
[IQR=87.5] vs. 44.0% [IQR=70.7] in treated and untreat-
ed patients, respectively, p>0.05).

Discussion

There are relatively few studies of markers of proliferation 
and angiogenesis in pituitary tumours, especially those con-
cerning expression of cyclooxygenase-2 (COX-2) as a po-
tential marker of such tumours. While COX-2 is believed to 
play a role in the progression of cancer of the colon, breast, 
pancreas, prostate and lung [6,8,10,11,18,30], its role in pi-
tuitary adenomas is not clear.

We investigated COX-2 expression in pituitary tumours 
in patients with different types of pituitary adenoma, op-
erated upon, whether or not having received any medical 
treatment with somatostatin analogues or dopamine ago-
nists, pre- or post-surgery. In our retrospective analysis we 
assessed the predictive value of the COX-2 index as a mark-
er of pituitary tumour size, invasiveness, time of recurrence 
of disease or tumour progression. Our analysis of COX-2 
expression was supplemented by clinical and demograph-
ic patient data filed in our Department of Endocrinology 
and by morphology data (histopathology and immunohis-
tochemistry for anterior pituitary hormones) filed at the 
Department of Pathomorphology.

In our group of 60 patients, COX-2 was expressed in pitu-
itary adenomas in 52 (87%) cases, in agreement with other 
authors who quote percentages ranging between 83% [25] 
and 100% [27]. Our results agree with those of Bloomer 
et al [25] who found the average percentage of pituitary 
macroadenoma COX-2 positive cells to be 78%. Our medi-
an value of COX-2 index was 57.5%, [IQR=60.5], while in 
normal pituitary cells COX-2 expression of immunopositive 
cells does not exceed 0.2% [26,27]. In colorectal carcino-
mas COX-2 was expressed in neoplastic epithelial cells and 
correlated with the size of colonic polyps [31,32].

Onguru et al. [27] showed high COX-2 expression in clini-
cally non-functioning pituitary tumours and pituitary carcino-
mas. They also showed statistically significant differences in 
COX-2 expression between functioning and non-functioning 
pituitary tumours and also between COX-2 expression in these 
tumours and pituitary carcinomas [27]. In our patient group 
we found no difference in median values of COX-2 indices 
between functioning and hormonally inactive adenomas (ie, 
with no expression of pituitary hormones). Vidal et al. [26] 
found significantly higher values of COX-2 indices in gonad-
otropin-producing tumours in male patients and in tumours 
containing no secretory granules, as evaluated by immunohisto-
chemistry. We also found the highest values of COX-2 index in 
gonadotropin-expressing tumours (70%; however, only in 3 of 
5 such patients) and in hormone-immunonegative adenomas 
(70%). On the other hand, Bloomer et al. [25] found signifi-
cantly higher COX-2 index or immunohistochemical score in 
plurihormonal macroadenomas and TSH-expressing macroad-
enomas. In agreement with our results, they also found lowest 
COX-2 expression in prolactin-producing macroadenomas.

Figure 5. �Expression of COX-2 in patients in whom no signs of tumour 
invasiveness were observed in MRI and in patients in whom 
one or more of such signs were observed (n=60).
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In our study we found no significant differences in COX-2 
expression between different types of pituitary adenomas. 
However, our conclusion may be biased by the relatively 
small number of patients with different types of adenoma.

We found no differences in COX-2 expression with respect 
to patient gender, tumour size, or tumour invasion of bone 
structures adjacent to sella turcica. Moreover, we have not 
confirmed the correlation between COX-2 expression and 
patient age found by Vidal et al [26].

Over-expression of COX-2 is a prominent feature of sever-
al premalignant and malignant neoplasms as found by mo-
lecular studies [33]. Cellular and molecular changes result 
in response to induction of constitutive over-expression of 
COX-2 and prostaglandin production, leading to increased 
cell proliferation, survival, and inhibition of apoptosis. This 
results in tumour angiogenesis, invasion and metastasis. In 
general, higher COX-2 expression in pituitary adenomas 
and carcinomas as compared to normal pituitary tissue, 
confirmed in Western blot analysis and RT-PCR [27], sug-
gests that high activity of this enzyme may play a role also 
in pituitary tumour promotion and progression. However, 
lack of correlation between tumour size, tumour invasive-
ness or recurrence and COX-2 index found in our study in-
dicates that there are other unknown processes that deter-
mine the behavior of pituitary tumours.

Based on our results, pre-operative treatment with somatosta-
tin analogues and dopamine agonists does not affect COX-
2 expression in patients with acromegaly and prolactinoma. 
Vidal et al. [26] noticed that in patients treated with octreo-
tide or with bromocriptine, higher percentages of COX-2-
negative tumours occurred in GH- and PRL-producing tu-
mours, respectively. However, both our and Vidal’s studies 
concern relatively small numbers of patients in whom rath-
er broad distributions of COX-2 index values were observed, 
such as shown in Figure 4. In prolactinoma patients, treat-
ment with bromocriptine does not influence tumour an-
giogenesis [34].

We have not found any relation between COX-2 expression 
and recurrence or progression of tumour size, as evaluated 
via MR T1-weighted imaging, although Bladowska et al sug-
gested that T2-weighted images are superior to contrast-en-
hanced T1 in discrimination of tumour contours (mass) in 
the postoperative sella and sphenoid sinus [35].

Nor was COX-2 expression related to recurrence of hor-
mone secretion, hence no inferences as to the necessity of 
re-operation or complementary radiotherapy could be drawn 
from our analysis of COX-2 indices. Similarly, any distinc-
tion of tumours with high growth potential on the basis of 
COX-2 expression appears to be unlikely. As seen in Figure 
1A, the higher the value of the COX-2 index, the higher is 
the percentage of recurrence/progression of tumour size. 
However, this observation, due to the small number of pa-
tients in subgroups, cannot be supported statistically.

COX-2 immunoreactivity, being strongly correlated with mi-
crovessel density and microvessel surface density, is rather 
high in pituitary adenoma cells [26,27]. Invasive prolactino-
mas were significantly more vascular than non-invasive tu-
mours [33]. This shows that factors related to angiogenesis 

may be important in determining clinical features of pitu-
itary tumours such as invasiveness, at least in the case of mac-
roprolactinomas. Therefore, through inhibition of this en-
zyme it may be possible to prevent or control progression 
of these tumours.

Numerous, well-documented studies concerning COX-2 ex-
pression in malignant tumours of organs other than pitu-
itary demonstrate the beneficial effect of non-steroidal an-
ti-inflammatory drugs (NSAIDs), which decrease the risk 
of development of adenocarcinoma of the digestive tract 
[33,36–38], and cancer of the bladder [12], prostate [33,39] 
and breast [9,33,40]. Therefore the possibility of applying 
NSAIDs or other novel COX-2 inhibitors in the therapy of 
certain pituitary tumours is promising, especially with re-
spect to hormonally inactive adenomas in which expres-
sion of COX-2 appears to be the highest. The pharmaco-
logical treatment of such tumours is currently quite limited.

Conclusions

In our study of COX-2 expression in pituitary tumours we 
found no differences in COX-2 expression with respect to 
patient age, gender, tumour size, degree of tumour inva-
siveness or tumour function. COX-2 does not appear to 
be a predictive factor for recurrence or progression of tu-
mour size. Nevertheless, due to the observed relatively high 
expression of COX-2 in pituitary tumours, further studies 
with COX-2 inhibitors are justified in the search for new ap-
proaches to the treatment of these tumours.
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