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Is Positive Staining of Non-Functioning Pituitary Adenomas for 
Luteinizing Hormone Associated with a Poor Prognosis?

ABSTRACT

benign tumors, although some may be locally invasive and 
grow rapidly (15,16,28). Local invasion can involve the cavern-
ous sinuses, sphenoid sinuses, clivus, optic nerves and even 
the third ventricle. These invasive tumors constitute a group 
of pituitary tumors with biological behaviors between pituitary 
adenomas and carcinomas (5). They differ from pituitary car-
cinomas only in the absence of metastases. Features associ-
ated with clinically aggressive behavior include larger tumor 
size, resistance to treatment, invasion of surrounding struc-
tures, tumor recurrence, and proliferation of residual tissue.

█    INTRODUCTION
Non-functioning pituitary adenomas (NFPAs), which account 
for 25-30% of all pituitary adenomas, may immunohisto-
chemically be positive for follicle-stimulating hormone (FSH), 
luteinizing hormone (LH), alpha subunit, adrenocorticotrophic 
hormone (ACTH), thyroid-stimulating hormone (TSH), growth 
hormone (GH), and prolactin (2,13,24). However, they gener-
ally do not secrete any clinically relevant hormones (7,26). 

Similar to functioning pituitary adenomas, NFPAs are typically 

AIm: The aim of this study was to assess the relationships among immunohistochemical staining patterns and prognostic factors 
in patients with non-functioning pituitary adenoma (NFPA).    
mATERIAl and mEThODS: The study included 103 patients who had undergone pituitary surgery for NFPAs. The prognostic 
factors evaluated were initial tumor size, cavernous sinus invasion, compression of the optic chiasm, recurrence, residual tissue, 
reoperation, and hypopituitarism.      
RESUlTS: Recurrence rates were higher for NFPAs with large initial tumor volume and preoperative cavernous sinus invasion. 
Tumor recurrence rates were higher for NPFAs positive (55.6%) than negative (10.3%) for luteinizing hormone (LH). Reoperation 
rate, but not recurrence rate, was higher in patients with tumors positive than negative for follicle-stimulating hormone (FSH) group. 
Recurrence and reoperation rates were lowest in patients with null-cell adenomas.   
CONClUSION: In contrast to previous studies, we observed a higher recurrence rate in LH-positive than in LH-negative adenomas. 
To our knowledge, this is the first study showing an association between LH positivity and poorer prognosis; and in addition, optimal 
outcomes in patients with null-cell adenomas. Thus, additional studies are required to assess the relationship between LH positivity 
and poor prognosis in patients with NFPAs.        
KEywORDS: Non-functioning pituitary adenomas, Luteinizing hormone, Immunohistochemistry, Prognosis
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Factors affecting the prognosis of pituitary adenomas include 
patient age, invasion of the cavernous and/or sphenoid si-
nuses, immunocytochemical staining patterns, the cell cycle 
markers including Ki-67 and mitotic index, and p53 concen-
tration (23). A recent meta-analysis showed that postoperative 
prognosis in patients with functioning pituitary adenomas was 
correlated with initial tumor size, cavernous sinus invasion, 
and low postoperative hormone concentration. Although the 
postoperative remission rate in patients with NFPA was lower 
(44.4%), no factor was found to precisely predict NFPA recur-
rence in that study (21). 

The immunohistochemical staining patterns of pituitary ad-
enomas may be prognostic of recurrence in patients with 
NFPAs. Thus, determining staining characteristics may lead 
to early recognition and better management of patients with 
patterns prognostic of recurrence. This study was therefore 
designed to assess the relationships between immunohisto-
chemical staining patterns and prognostic factors in patients 
who underwent NFPA resection.

█    mATERIAl and mEThODS
Study Design

The medical records of 182 consecutive patients who under-
went pituitary surgery for NFPA by the same neurosurgeon 
(A.K.) at the Neurosurgery Department of Erciyes University 
Medical School between 2000 and 2012 were evaluated. Sev-
enty-nine patients were excluded due to missing hormonal 
or magnetic resonance imaging (MRI) results before or after 
surgery or due to radiotherapy or medical therapy. Thus, this 
retrospective study evaluated 103 patients who had under-
gone pituitary surgery. Their demographic data, dates of sur-
gery, total follow-up periods, results of immunohistochemical 
staining, preoperative and postoperative hormonal data and 
MRI results were recorded. A definitive diagnosis of NFPA was 
based on preoperative hormonal evaluation and pathological 
examination of resected pituitary tumor tissue. Factors used 
to evaluate prognosis included preoperative and postopera-
tive unilateral or bilateral cavernous sinus invasion, compres-
sion of the optic chiasm, tumor recurrence, initial tumor size, 
residual tissue, reoperation, and hypopituitarism. 

Patients

The inclusion criteria were age ≥18 years, available 
hormonal and MRI results before and after surgery, and 
immunohistochemical evaluations of pituitary adenomas. 
The exclusion criteria were age <18 years, radiotherapy or 
medical therapy due to NFPA, and lack of radiological or 
hormonal evaluation before or after surgery. Patients with 
recurrence were followed-up for at least 2 years and patients 
without recurrence were followed-up for at least 5 years 
postoperatively. The criterion for including patients who did 
not regularly attend clinical visits was being followed up within 
the previous 2 years.

Assessment of Pituitary Functions 

Basal and, if indicated, dynamic hormone tests were per-
formed to determine whether adenomas were functioning or 

non-functioning and whether there were any postoperative 
deficiencies in anterior pituitary hormones. Hormone concen-
trations were measured preoperatively, 3 days, 2 weeks, and 
1, 3, 6, and 12 months postoperatively, and at least annually 
thereafter. Basal hormones included ACTH, cortisol, TSH, free 
T4, free T3, prolactin, GH, insulin-like growth factor-I (IGF-I), 
FSH, and LH. In addition, total testosterone was measured in 
male subjects, and estradiol in female subjects. All of these 
assays were performed at the biochemistry laboratory of Er-
ciyes University Medical School. Pituitary adenomas that re-
sulted in mild hyperprolactinemia (<50 ng/ml) and that were 
attributable to compression of the pituitary stalk were not 
evaluated as prolactinomas. In addition, none of these ad-
enomas were stained positively for prolactin. Postoperative 
pituitary hormone deficiencies were evaluated as prognostic 
factors, whereas preoperative deficiencies that recovered af-
ter surgery were not considered. 

Imaging Studies 

Patients underwent pituitary 3-dimensional volumetric MRI 
(Philips, 1.5 Tesla, Netherlands) before the initial surgery, at which 
time the largest diameters of the adenomas were measured. 
Adenomas <10 mm were considered microadenomas, those 
≥10 mm were considered macroadenomas, and those >40 
mm in diameter were defined as giant adenomas. Follow-up 
pituitary MRI was performed every 6 months during the first 
two years and yearly thereafter.

Pathological Evaluations

Resected tumor specimens were analyzed at the Pathology 
Department of Erciyes University. Pathological evaluations 
included gross, microscopic and immunohistochemical 
evaluations. All tissue samples were immersed in 10% 
formaldehyde for 24 hours and subjected to routine tissue 
tracing procedures. Cross-sections were obtained after 
paraffin embedding. These cross-sections were stained with 
hematoxylin-eosin and afterwards with antibodies against 
FSH, LH ACTH, GH, PRL, and TSH. Immunohistochemical 
analyses were performed by an automatic device called 
‘Ventana Benchmark XT’ and primary antibodies called 
‘Universal DAB Detection Kit’ were used. Most of the tumor 
samples were not evaluated for Ki-67 nuclear labeling index 
and level of mitotic activity. In addition, an antibody against 
alpha-subunit was not available. Strong and diffuse staining 
with antibodies was regarded as positive, whereas weak (<5% 
of tumor cells) staining was considered negative. On the basis 
on immunohistochemical results, the NFPAs were classified 
as LH+, FSH+, FSH&LH+, ACTH+, and null-cell adenomas. 
Additionally, stained adenomas were divided into two as 
‘all positives’ and ‘only positives’. For example, in case of 
strongly positive staining with FSH alone, it was classified in 
both groups of ‘only FSH positives’ and ‘all FSH positives’. 
Additionally, in case of an adenoma strongly stained with both 
FSH and LH, it was classified in all three groups of ‘all FSH 
positives’, ‘all LH positives’, and ‘both FSH and LH positives’. 
All pathological examinations were performed by the same 
pathologist (F.O.) who was blinded to all clinical data. In 6 
patients who had undergone pituitary surgery twice or more, 
there were distinct pathology results for each surgery. In these 



10 | Turk Neurosurg 27(1): 8-13, 2017

Diri h. et al: Non-Functioning Pituitary Adenomas

patients, only the pathology results of the most successful 
surgery, defined as removing the largest volume of tumor 
tissue, were analyzed. 

Assessment of Recurrence

Recurrence was defined as reappearance of a tumor following 
complete resection or an increase in size of residual tissues 
on MRI. Reoperations performed during the first year after 
initial surgery due to residual tumors that were not growing or 
complications such as rhinorrhea or apoplexy were considered 
reoperations, not recurrences. 

Statistical Analysis

All statistical analyses were performed using SPSS for 
Windows version 15.0 (SPSS Inc., Chicago, IL.). Data are 
reported as mean ± standard deviation (SD). The distribution 
of data was tested by the Kolmogorov-Smirnov test before 
comparison and correlation tests. Chi-square tests were 
used to compare groups, and the Spearman test was used 
for correlation analyses. A p value <0.05 was considered 
statistically significant. 

█    RESUlTS
Of the 103 patients with NFPAs, 58 were male and 45 were 
female. Mean patient age was 56.9 ± 11.6 years and mean 
follow-up period was 7.1 ± 2.6 years. Of the patients, 76 
(73.8%) had macroadenomas, and 27 (26.2%) had giant 
adenomas, but none had microadenomas. Mean initial tumor 
size was 31.2 ± 9.7 mm, and tumor size was significantly 
correlated with tumor recurrence, residual tumor, reoperation, 
panhypopituitarism, cavernous sinus invasion, and optic 
chiasm compression (p<0.05). 

Residual tumors were observed in 84 patients (81.6%), with 
regrowth of residual tumor (i.e., recurrence) observed in 31 
(30.1%). None of the patients with totally resected tumors 
experienced a tumor relapse. The mean follow-up time to 
tumor recurrence was 6.6 ± 3.6 years. Partial and complete 
hypopituitarism was observed in 46 (44.7%) and 25 (24.3%) 
patients, respectively. Taken together, 81 (78.6%) patients in 
total had postoperative hypopituitarism.

Immunohistochemical analyses of the removed adenomas are 
shown in Table I. Three (2.9%) adenomas were positive for 
ACTH alone, two others (1.9%) were positive for ACTH and 
at least one other marker, 11 (10.7%) were positive for FSH 
alone, 18 (17.5%) were positive for FSH and other markers, 25 
(24.3%) were positive for LH alone, 20 (19.4%) were positive 
for LH and other markers, 18 (17.5%) were positive for both 
FSH and LH, and 36 (35%) were negative for all markers tested. 
Thus, of the 103 adenomas, 54 (52.4%) were gonadotroph 
adenomas (positive for FSH and/or LH), 36 (35%) were null-
cell adenomas, 3 (2.9%) were silent corticotroph adenomas, 
and 5 (4.9%) were silent plurihormonal adenomas. 

The distribution of patients according to tumor staining patterns 
and prognostic factors is shown in Table II. The recurrence 
rate was significantly higher in patients positive for LH alone 
(15/25=60%) than the other patients who were not positive 

for LH alone (16/78=20.5%; p<0.001). Recurrence (p<0.001) 
and reoperation (p=0.005) rates were also significantly higher 
in patients positive for LH, including those positive for other 
markers (all LH positives), than in patients negative for LH. 
Tumor recurrence rate was 55.6% (25/45) in NPFAs positive 
for LH (all LH positives), while 10.3% (6/58) in NPFAs negative 
for LH. The rate of reoperation was significantly higher in 
patients positive for FSH than in patients negative for FSH 
(p=0.012). In contrast, recurrence and reoperation rates 
were significantly lower in patients with null-cell adenomas 
than in all other groups; recurrence was observed in only 3 
of 36 (8.3%) of null-cell adenoma patients. Furthermore, no 
significant relationship was observed between ACTH staining 
patterns and prognosis.

Of the 103 patients with NFPA, 89 (86.4%) showed compres-
sion of the optic chiasm before surgery, and 19 (18.4%) after 
surgery. Cavernous sinus invasion was observed in 81 patients 
(78.6%) before surgery and in 49 (47.6%) patients after sur-
gery. Preoperative cavernous sinus invasion was significantly 
associated with tumor recurrence. Recurrence was observed 
in 30 of 81 (37%) patients with, compared with 1 of 22 (4.5%) 
without, preoperative cavernous sinus invasion (p=0.003). The 
presence of postoperative remnants was also associated with 
recurrence (p=0.002); recurrence was observed in 31 of 84 
(36.9%) patients with residual tumors but in none of 19 pa-
tients without residual tumors. Furthermore, 31 (30.1%) pa-
tients had undergone pituitary surgery twice or more.

█    DISCUSSION
Obviously, the surgeon’s ability is an important factor in the 
postoperative prognosis of pituitary adenomas. Additionally, 

Table I: Immunohistochemical Staining Patterns of Patients with 
NFPA

Positive 
staining

Subtype of 
NFPA

Number of 
patients (%)

None null-cell 36 (35.0%)

LH gonadotroph 25 (24.3%)

FSH + LH gonadotroph 18 (17.5%)

FSH gonadotroph 11 (10.7%)

ACTH silent corticotroph 3 (2.9%)

GH silent somatotroph 2 (1.9%)

PRL silent lactotroph 2 (1.9%)

TSH silent thyrotroph 1 (1%)

GH + PRL silent plurihormonal 1 (1%)

GH + LH silent plurihormonal 1 (1%)

GH + ACTH silent plurihormonal 1 (1%)

GH + PRL + ACTH silent plurihormonal 1 (1%)

GH + PRL + LH silent plurihormonal 1 (1%)
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in plurihormonal and silent adenomas (4). However, another 
study found no difference in prognosis between null-cell and 
gonadotroph adenomas (27). Yamada et al. reported that the 
rate of cavernous invasion was lower in patients with gonado-
troph adenomas than other NFPAs (25). Another study car-
ried out by Nishioka et al. showed that NFPA subtypes other 
than null-cell and gonadotroph adenomas were associated 
with a poor prognosis (19). In the present study, 54 (52.4%) 
patients with NFPAs were positive for FSH and/or LH, where-
as 36 (35%) patients had null-cell adenomas. Poorer clinical 
outcomes were more frequent in gonadotroph, particularly LH 
positive, adenomas, while optimal outcomes were more fre-
quent in null-cell adenomas.

Silent corticotroph adenomas are NFPAs with positive 
staining for ACTH, but they do not cause hypercortisolemia. 
A study from the Mayo Clinic reported that the postoperative 
recurrence rate was higher among the 23 patients with ACTH-
positive NFPA (22). A comparison of 33 NFPA patients positive 
for ACTH and 126 negative for ACTH found that cavernous 
sinus invasion and residual tumor were more common in the 
patients positive for ACTH (11). Cooper et al. also reported 
that silent corticotroph adenomas had a poorer prognosis (6). 
In contrast, a study involving 28 patients with ACTH positive 
and 60 with ACTH negative NFPAs found no significant 
difference in the recurrence rate (3). In the present study, only 
5 of 103 NFPAs were positive for ACTH, with 3 positive only 
for ACTH, and there were no significant relationships among 

some other factors have also been proposed to predict the 
prognosis of patients with NFPAs. A retrospective analysis 
of 142 patients who underwent surgery due to a NFPA 
showed that cavernous sinus invasion, lack of radiotherapy 
immediately after initial pituitary surgery, and positive 
immunostaining for hormones other than gonadotropins were 
risk factors for tumor recurrence (4). Moreover, postoperative 
recurrence rates were found to be significantly lower in patients 
who were asymptomatic than symptomatic at diagnosis of 
an incidentally detected NFPA (13). Furthermore, the risk of 
tumor recurrence was higher in patients with residual tumor 
and in those who did not receive radiotherapy (13,14). A 
meta-analysis also showed that lack of radiotherapy after 
initial pituitary surgery was associated with an increased risk 
of tumor recurrence surgery (18). In addition, high Ki-67 and 
TUNEL labeling indices, as well as the expression of phospho-
Akt, phospho-p44/42 MAPK, and PTTG1, were associated 
with NFPA recurrence, although that study assessed those 
cell proliferation markers in only 35 patients with NFPA (20).

Although NFPAs generally do not secrete any clinically signifi-
cant hormones, many of these adenomas are immunohisto-
chemically positive for FSH and/or LH (1,7,12). A study involv-
ing 164 patients with NFPAs found that 69% of the adenomas 
were positive for FSH and/or LH (17). Brochier et al. catego-
rized NFPAs into four groups according to their immunohis-
tochemical features: gonadotrophic, null-cell, plurihormonal 
and silent adenomas; the highest recurrence rates were found 

Table II: Relationships among Immunohistochemical Staining Features and Prognostic Factors in Patients with NFPAs. 

Only FSh All FShs Only lh All lhs FSh&lh Null-cell 
adenomas

Number of patients 11 29 25 45 18 36

Recurrence 2 
(18.2%)

11 
(37.9%)

15 
(60%)*

25 
(55.6%)*

9 
(50%)*

3
 (8.3%)*

Residual tumor 10 (90.9%) 26 
(89.7%)

21 
(84%)

38 
(84.4%) 16 (88.9%) 28 

(77.8%)

Re-operation 5 
(45.5%) 14 (43.8%)* 10 

(40%)
20

 (44.4%)*
9 

(50%)*
5 

(13.9%)*

Partial pituitary deficiency 5 
(45.5%)

12 
(41.4%)

10 
(40%)

18 
(40%)

7 
(38.9%)

18 
(50%)

Panhypopituitarism 3 
(27.3%)

9 
(31%)

7 
(28%)

14 
(31.1%)

6
 (33.3%)

5 
(13.9%)

Preoperative cavernous sinus 
invasion 10 (90.9%) 26 

(89.7%)
19 

(76%)
36 

(80%) 16 (88.9%) 27 
(75%)

Postoperative cavernous sinus 
invasion

7
 (63.6%)

17 
(58.6%)

13 
(52%)

24 
(53.3%) 10 (55.6%) 15

 (41.7%)

Preoperative compression of 
optic chiasm 10 (90.9%) 27 

(93.1%)
23 

(92%)
42 

(93.3%) 17 (94.4%) 30 
(83.3%)

Postoperative compression of 
optic chiasm

4 
(36.4%) 10 (34.5%)* 6 

(24%)
12 

(26.7%)
6 

(33.3%)
1 

(2.8%)*

*: p <0.05.
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ACTH staining patterns and prognostic factors. The lack of 
higher recurrence rates in NFPAs positive for ACTH may be 
due to the small numbers of these adenomas in our study. 

In contrast to other studies, we found that the recurrence 
rate was higher for LH-positive than LH-negative adenomas. 
Furthermore, reoperation and postoperative optic chiasm 
compression rates were higher in patients with FSH-positive 
than FSH-negative adenomas. However, null cell adenomas 
showed the lowest rates of recurrence, re-operation and 
postoperative optic chiasm compression. To our knowledge, 
no previous study had shown that patients with LH positive 
NFPAs have a poorer prognosis than patients with LH negative 
tumors.

The large mean tumor volume (31.2 mm) and the associated 
high rates of preoperative optic chiasm compression (86.4%), 
cavernous sinus invasion (78.6%), pituitary deficiency (68.9%), 
remnant tumor (81.6%), and reoperation 31 (30.1%) in the 
present study can be explained by the delayed diagnosis of 
NFPAs due to their non-functioning and silent behavior (6,9). 
Generally, NFPAs are not associated with specific signs or 
symptoms, such as acromegalic phenotype, cushingoid 
phenotype, galactorrhea or hypogonadism, which may help 
in earlier diagnosis. Therefore, the most common complaints 
at diagnosis include the signs and symptoms arising from 
the mass effect, such as visual disorders, headache, and/or 
hypopituitarism (4,8,10,27).

The main limitation of the present study was the small number 
of patients with NFPAs. Since only 5 patients were positive 
for ACTH, our finding that this group did not have a poorer 
prognosis was not reliable. Another important limitation 
was a lack of sufficient data for some patients, who did not 
regularly attend follow-up visits. Therefore, although none of 
the patients was known to have died, time-dependent survival 
analyses could not be performed. Furthermore, patients who 
received radiotherapy or medical therapies were not enrolled, 
because these therapies may have affected patient prognosis.

█    CONClUSION
Patients with NFPAs which have larger initial tumor volume 
and preoperative cavernous sinus invasion have a relatively 
poorer prognosis. LH positivity, either alone or in combination 
with other hormonal markers, was also associated with poorer 
prognosis. Our findings suggest the need for a comprehensive 
analysis of the relationship between LH positivity and poor 
patient prognosis, with studies including larger numbers of 
patients. Recognition of poor prognostic features in patients 
with pituitary tumors will help in their management and 
treatment.
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