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Abstract
High-risk pituitary adenomas are aggressive. They show clinical and imaging features similar to those of carcinomas, includ-
ing infiltration of the surrounding brain structures, but lack cerebrospinal or systemic metastases. In addition, they display 
distinct behavior, including tendency for fast growth and frequent recurrences, which are difficult to control. The term “high-
risk” adenoma was first introduced in the 4th edition of the World Health Organization Classification of Endocrine Tumors 
in 2017. Five defined adenoma types belong to this category, including sparsely granulated somatotroph, lactotroph in men, 
Crooke cell, silent corticotroph, and plurihormonal PIT-1 positive adenomas. The morphological and immunohistochemi-
cal characteristics of high-risk adenomas are herein described in detail. In addition, the clinical features and the treatment 
options are presented. This review focuses on predictive markers assessed by immunohistochemistry, which help clinicians 
to design the appropriate treatment strategies for high-risk adenomas. Somatostatin receptor status predicts effectiveness 
of postsurgical treatment with somatostatin analogs, and MGMT expression predicts response to treatment with temozolo-
mide. This comprehensive review presents the clinical and pathological features of high-risk pituitary adenomas, underlines 
the contribution of immunohistochemistry, and emphasizes the leading role of pathology in the design of optimal clinical 
management.
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Introduction

Pituitary carcinomas, which are very rare accounting for 
0.1–0.2% of all pituitary tumors, have distinctive malignant 
behavior with established craniospinal or systemic metasta-
ses [1]. Apart from carcinomas, 35% of pituitary adenomas 
show similar features, including infiltration of the cavernous 
and sphenoid sinuses but lack systemic metastases [2]. Clini-
cians often use the term “aggressive” adenomas, referring to 
their abnormal clinical behavior, including local infiltrative 
features, tendency to fast growth, and frequent recurrences, 
all of which are difficult to control [3, 4]. Alternatively, the 
term “refractory” pituitary adenoma is used to define the 
aggressive nature of an adenoma resistant to conventional 
treatment modalities such as surgery, pharmaceutical ther-
apies, or radiation [5, 6]. The term “high-risk adenomas” 
was first introduced in the 4th edition of the World Health 
Organization (WHO) Classification of Tumors of Endocrine 
Organs in 2017 to define certain histological adenoma types 
with clinical aggressive characteristics. These include the 
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following types: sparsely granulated somatotroph, lactotroph 
in men, Crooke cell, silent corticotroph, and plurihormonal 
PIT-1 positive adenomas (Table 1). The WHO classification 
is based on histology and immunohistochemistry for pitui-
tary hormones and other specific diagnostic markers, such 
as cytokeratins and transcription factors. Meanwhile, after 
more than 10 years of research, the diagnostic significance of 
Ki-67 and p53 protein has not been established [7]. As a rule, 
high-risk adenomas show a high Ki-67 proliferation index 
[8]. However, a large series of aggressive pituitary tumors 
has revealed that Ki-67 and p53 cannot distinguish aggres-
sive pituitary tumors from pituitary carcinomas, and there 
were no significant differences in clinical parameters [9]. 
Therefore, at present, no validated histological and molecu-
lar prognostic markers exist to identify pituitary neoplasms 
with clinically aggressive behavior. Instead, assessment of 
invasion using MRI and, even better, by direct intraopera-
tive observation is very important [8]. A clinicopathological 
grading system, not based solely on histological grounds 
but also considering as a scoring factor invasion observed 
on MRI, may predict tumor progression [10]. A study using 
the same scoring system has revealed that invasion, Ki-67, 
and tumor type were the only independent prognostic factors 
of disease-free survival. However, it has not been proved 
whether p53 represents an independent factor of aggressive 
behavior [11]. A practical algorithm to predict postsurgical 
recurrence and progression also taking into consideration the 
histological type has recently been reported [12]. High-risk 
adenomas require appropriate treatment strategies to con-
trol progression and high recurrence rate, particularly after 
incomplete surgical resection. Therefore, precise classifica-
tion with subtyping of pituitary neoplasms is crucial. Cur-
rently, the most important immunohistochemical markers 
predicting response to treatment with somatostatin analogs 
and temozolomide (TMZ) are somatostatin receptors (sstrs) 
and O6-methylguanine-DNA methyltransferase (MGMT), 
respectively.

This comprehensive review presents the clinical and path-
ological features of high-risk pituitary adenomas and high-
lights the need to identify and separate these well-defined 
aggressive histological variants. In addition, it underlines 
the importance and the leading role of pathology in the 
assessment of predictive markers, which help to design the 
appropriate type of treatment. The incorporated gallery of 
figures illustrates the main histological and immunohisto-
chemical characteristics of each high-risk adenoma type. 
The WHO Classification of Tumors of Endocrine Organs 
provides updates incorporating new information based on 
recently accumulated knowledge. A proposal to replace the 
term “pituitary adenomas” with “pituitary neuroendocrine 
tumors (pit-NETs),” issued after the publication of the 4th 
WHO edition [13, 14], created an impact followed by intense 
discussions [15–17]. Nevertheless, emerging issues, such as 
attempts to change the nomenclature of endocrine tumors, 
will be revisited and discussed in the consensus meeting of 
the panelists for the next (5th) edition of the WHO Classifi-
cation of Tumors of Endocrine Organs.

High‑risk adenomas

Sparsely granulated somatotroph adenomas

Sparsely granulated somatotroph adenomas (SGSAs) on his-
tology are morphologically chromophobic. They are charac-
terized by the presence of easily defined, round, cytoplasmic 
fibrous bodies which dislocate the nucleus to the cell periph-
ery, forming a crescent-like shape (Fig. 1A) [18]. On immu-
nohistochemistry, they correspond to low molecular weight 
cytokeratins, mostly 7/8 (clone CAM 5.2) and 18 (Fig. 1B) 
[19]. SGSAs usually demonstrate focal and less intense 
reactivity for growth hormone (GH) in contrast to densely 
granulated somatotroph adenomas (DGSAs), which show 
strong and extensive immunoreactivity for GH throughout 

Table 1   Presentation of the histological features of high-risk adenomas

Pit-1, transcription factor 1; ERα, estrogen receptor-α; Tpit, T-box pituitary transcription factor; PAS, periodic acid-Schiff reaction, *, focally

Adenoma type Histology Other features Pituitary hormone 
immunohistochem-
istry

Transcription factors

Somatotroph Sparsely granulated Chromophobic
Keratin positive fibrous bodies

GH, α-subunit Pit-1

Lactotroph Lactotroph in men Mostly chromophobic PRL Pit-1, ERα
Corticotroph Silent Type 1 or type 2

Galectin-3 negative
ACTH Tpit

Corticotroph Crooke cell PAS positive
Keratin positive in Crookes hyaline

ACTH Tpit

Plurihormonal PIT-1 positive Chromophobic Various for GH, PRL, 
β-TSH ± α-subunit

Pit-1, ERα, GATA3*
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the cytoplasm. SGSAs occur at a rate of approximately 35% 
of surgical series, although a subset of adenomas referred 
to as intermediate type consists of cells with a cell mixture 
of different granulation patterns [20, 21]. From the clinical 
point of view, SGSAs represent a distinct subgroup with 
more aggressive behavior. Compared to DGSAs, they occur 
in patients younger than 50 years of age with a slight pre-
ponderance in females [20, 22, 23]. They also have a lower 
remission rate in response to surgery, increased proliferation 
rate, and a tendency to regrow after surgical excision, and 
they are more difficult to operate on [18, 22, 24–27]. As a 
rule, SGAs have a worse prognosis as compared to DGAs 
[11, 28]. However, there is one publication that reports no 
significant statistical differences in postsurgical remission 
between the two subtypes in the studied material [21]. In 
addition, they are generally larger and are associated with 
a higher frequency of suprasellar extension and cavernous 
sinus invasion [25].

The reason that DGSAs respond better than SGSAs to the 
administration of somatostatin analogs is that most of them 
have a mutation in the α-subunit of Gs proteins and also have 
higher sstr2 mRNA levels [26, 29, 30]. In a study investi-
gating the granulation pattern of somatotroph adenomas in 
conjunction with response to treatment with somatostatin 
analogs, no mutations were found in a total of 30 SGSAs 
included in the study [25]. Therefore, for the treatment of 
residual tumor, separation of SGSAs form the DGSAs is 
of clinical significance, given that the former show a lower 
response to somatostatin analogs and are more sensitive to 
treatment with GH antagonists [25, 31]. A prevalence of 
sstr2a was found in DGSAs compared to other subtypes [30]. 
SGSAs showed lower sstr2 expression compared to DGSA 
and are less responsive to somatostatin analogs [21, 24]. 
This is why SGSAs may respond better to pasireotide (SOM 

230), a multi-receptor targeted somatostatin analog bind-
ing sstr1, sstr2, and sstr3, its highest affinity being for sstr5, 
which is significantly expressed in SGSAs [32]. Therefore, 
evaluation of sstr profile in somatotroph adenoma subtypes 
is important in the postsurgical management of acromegaly.

During the last decade, efforts were made using radio-
logic parameters to identify and separate DGSAs from 
SGSAs preoperatively. Based on radiologic features, SGSAs 
are associated with higher MRI T2-weighted signal ratio and 
are more frequently invasive. These features may distinguish 
SGSAs from DGSAs preoperatively, helping clinicians to 
identify candidates for preoperative medical treatment and 
neurosurgeons to decide on surgical strategies [21, 27, 33]. 
This promising approach could be useful for postsurgical 
treatment with somatostatin analogs. It has been demon-
strated that patients with DGSAs who have preoperatively 
received such treatment have a better clinical and hormonal 
response compared to those patients harboring SGSAs [34]. 
Moreover, radiomic features extracted from contrast-enhanc-
ing and total tumor portions from MRI T2-weighted signal 
were used to evaluate the granulation pattern of somatotroph 
adenomas, based on a least absolute shrinkage and selection 
operator logistic regression model. These features may serve 
as useful biomarkers to predict the granulation pattern of 
somatotroph adenomas [35]. However, the validity of the 
latter radiologic features is still under investigation.

There is little information regarding the response of 
somatotroph adenomas to treatment with TMZ [36]. In a 
study including 197 different histological subtypes of pitui-
tary adenomas, the substantial majority of somatotroph 
adenomas showed low MGMT expression. However, the 
authors do not provide any specific information regarding 
SGSAs and DGSs [37]. Another study reports low to absent 
MGMT immunoreactivity in SGSAs, indicating response 

Fig. 1   A Sparsely granulated somatotroph adenoma with fibrous bod-
ies displacing the nucleus to the periphery of the cytoplasm (H&E, 
25 ×). B Immunohistochemistry of sparsely granulated somatotroph 
adenoma for low molecular weight keratin, revealing dot-like cyto-

plasmic immunoreactivity to fibrous bodies (25 ×). C Chromophobic 
lactotroph adenoma (H&E, 25 ×). D Lactotroph adenoma immunore-
active for PRL with characteristic paranuclear localization (25 ×)
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to treatment with TMZ in the case of unsuccessful con-
ventional treatment [38]. This probably reflects successful 
treatment of these adenomas with other conventional, less 
aggressive modalities.

Lactotroph adenomas in men

Lactotroph adenomas (prolactinomas) in men are mostly 
chromophobic (Fig.  1C), composed of large, sparsely 
granulated cells, negative for periodic acid-Schiff (PAS) 
reaction. Immunohistochemistry for prolactin (PRL) usu-
ally displays characteristic paranuclear localization, known 
as the Golgi pattern (Fig. 1D) [18, 24]. These are mostly 
macroadenomas, with suprasellar extension in up to 80% 
of cases, often presenting with mass effect symptoms, due 
to expansible growth and compression of the adjacent brain 
structures and invasion of the cavernous and sphenoid sinus 
[39, 40]. Visual field defects occur in about 45% of patients 
and sexual disorders, gynecomastia, and hypopituitarism 
develop in approximately 35% of cases [32, 33, 40, 41]. 
Most patients develop hypogonadism, which is associated 
primarily with low testosterone levels and in some cases 
with partial hypopituitarism [42]. Giant adenomas are rare, 
accounting for 1–5% of all lactotroph adenomas: they are 
mainly diagnosed in men between 20 and 50 years of age, 
with a male to female ratio of about 9:1 [39, 42]. The large 
tumor size in males is probably related to subtle clinical 
symptoms, such as decreased libido and erectile dysfunction, 
leading to delayed diagnosis [43]. In contrast, because of 
early development of galactorrhea-amenorrhea in women of 
reproductive age, typically these patients present with micro-
prolactinomas. The tumor size and PRL levels in men are 
significantly higher than those in women, with the tumors 
growing rapidly and often invading the cavernous sinus. The 
majority of giant lactotroph adenomas respond to treatment 
with dopamine agonists (DAs), including long-term caber-
goline [44]. However, large tumors, particularly in men, 
are less responsive and often resistant to DAs [42, 45, 46]. 
Lactotroph adenomas associated with multiple endocrine 
neoplasia type 1 (MEN-1) have a worse clinical prognosis 
[47]. Loss of chromosome 11 in PRL-producing adenomas, 
associated with MEN-1, has been reported in young male 
patients [48, 49].

Several studies have documented the successful antitumor 
effect of TZM on aggressive lactotroph adenomas in men, 
resulting in clinical improvement and significant reduction of 
serum PRL levels [50–53]. These adenomas have the highest 
response rate to TMZ. According to a review of the pub-
lished case series, aggressive lactotroph adenomas respond 
best to TMZ, demonstrating an approximately 50% response 
rate [52]. A systematic report also showed that TMZ therapy 
was effective, achieving tumor shrinkage in 76% of patients 
with highly aggressive lactotroph adenomas not responding 

to dopamine agonist and other treatments, including surgery 
and radiotherapy [44]. Lactotroph adenomas are more likely 
to have low MGMT expression compared to other adenoma 
types [54]. A strong correlation between MGMT-negative 
staining and sensitivity to TMZ was reported in 15 out of 20 
lactotroph adenomas [55]. In addition, they show an inverse 
correlation between MGMT immunostaining and MGMT 
promoter methylation, indicating that patients with such ade-
nomas may be candidates for treatment with TMZ [50, 56]. 
However, some patients exhibit loss of MSH2 and mismatch 
repair genes, leading to rapid development of resistance to 
TMZ [54]. Lastly, acquired TMZ resistance mechanisms 
have been implicated the transformation of an aggressive 
lactotroph adenoma into carcinoma [57].

Silent corticotroph adenomas

Silent corticotroph adenomas show identical morphology 
on histochemistry for PAS staining and immunohistochem-
istry for ACTH with their functioning counterparts. They are 
subclassified into densely granulated (type 1) and sparsely 
granulated (type 2), which are acidophilic and chromopho-
bic, respectively. The cells of the sparsely granulated variant 
show deposition of hyaline material corresponding to low 
molecular weight cytokeratins, forming a perinuclear and 
partly paranuclear halo. They are both positive for PAS reac-
tion (Fig. 2A) and immunopositive for adrenocorticotropic 
hormone (ACTH) (Fig. 2B). Silent corticotroph adenomas 
lack clinical signs or symptoms of Cushing’s syndrome, 
the cortisol levels are within normal limits, and they may 
show only minor elevations of serum ACTH levels. Subtype 
1 and 2 adenomas present differences with respect to sex, 
with a ratio of 1.4:1 versus 6:1 between males and females, 
respectively [58]. The majority of silent corticotroph adeno-
mas have a clinically aggressive course and are refractory to 
conventional therapy, with high progression and recurrence 
rates. Silent corticotroph adenoma may transform into carci-
noma, as described previously [59]. These clinical and path-
ological features underline the need for long-term follow-
up [58, 60]. Sublassification of corticotroph adenomas into 
types 1 and 2 according to their granulation pattern is impor-
tant in terms of clinical behavior, recurrences, and treat-
ment outcome. Type 2 adenoma displays a more prominent 
proliferation rate and more frequent invasion [61]. Given 
the absence of hypercortisolemia, no Crook hyaline changes 
are noted in the corticotroph cells of the normal adenohypo-
physial parenchyma tissue fragments, often included in the 
histology specimen. Galectin-3 is the only currently avail-
able immunohistochemical marker to distinguish functioning 
from silent corticotroph adenomas. In contrast to functioning 
adenomas, galectin-3 is absent in the substantial majority 
of the silent ones [62]. Its infrequent expression in silent 
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corticotroph adenomas suggests an alteration of galectin-3 
and/or of its gene function [63].

In a recent study, the mRNA levels of sstrs were deter-
mined by real-time reverse transcription-polymerase chain 
reaction (RT-PCR). sstr1 and sstr2 mRNA levels were higher 
in silent than in functioning corticotroph adenomas, while 
sstr5 mRNA levels were about 14-fold higher in functioning 
than in silent ones [64]. The fact that sstr1 and sstr2 mRNA 
levels were significantly higher in silent than in functioning 
corticotroph adenomas justifies treatment with somatostatin 
analogs and, in particular, application of the most effective 
novel long-acting-pasireotide, which displays a higher affin-
ity to a wide range of sstr types [65].

Corticotroph adenomas respond better to TMZ, with an 
approximately 50% response rate [52]. Therefore, TMZ 
could be effective in the treatment of refractory silent corti-
cotroph adenomas [66]. TMZ in combination with capecit-
abine showed a high response in a case series of four patients 
with aggressive, functioning, and silent corticotroph adeno-
mas. Three of these cases (75%) exhibited complete or par-
tial response to the treatment [5].

Crooke cell adenomas

Crooke cell adenomas belong to a rare variant of cortico-
troph adenomas with a distinct histopathological pattern 
and clinical behavior. They produce ACTH, presenting 
either as functioning, which causes Cushing’s disease, or 
silent [67]. Adenoma cells display a characteristic massive 
accumulation of hyaline, forming a donut-like perinuclear 
ring (Fig. 2C), which displaces the ACTH-storing secretory 
granules to the cell periphery. On immunohistochemistry, 
the hyaline material corresponds to low molecular weight 
cytokeratin filaments. Crooke cell adenomas are aggressive, 
as compared to classic corticotroph adenomas, with a high 

risk of morbidity and mortality. They show invasion of the 
adjacent tissues, with a tendency to recur after reoperation 
and/or radiotherapy [66, 68]. In addition, they may progress 
to carcinoma [69, 70]. Most of them are functional macroad-
enomas, typically affecting middle-aged women, with only 
a few reported clinically silent cases [4, 71]. The presence 
of nuclear immunoreactivity for galectin-3 in functioning 
Crooke cell adenomas is in keeping with their aggressive 
behavior (Fig. 2D) [62]. For some unexplained reason, how-
ever, their proliferation index, assessed by Ki-67, is low, at 
approximately 1% [66, 72]. Crooke cell adenomas rarely 
occur in pediatric patients [73]. In young populations, silent 
adenomas may present with delayed puberty [71]. These 
adenomas may have sstrs; however, treatment with somato-
statin analogs and octreotide LAR may not be effective. The 
same is true for dopamine agonists such as cabergoline [66].

Clinically aggressive Crooke adenomas with low or 
absent MGMT expression are responsive to treatment with 
TMZ [66, 72, 74, 75]. MGMT is not the sole molecular 
factor determining sensitivity to TMZ administration. The 
expression of mismatch repair gene homologous protein 
MSH6 serves as an alternative predictive marker for aggres-
sive pituitary adenomas. A study evaluating the role and 
clinical significance of MSH6 by immunohistochemistry has 
reported a positive correlation between MSH6 expression 
and response to TMZ. Two Crooke cell adenomas, included 
in this study, both positive for MSH6 and one of them nega-
tive for MGMT, responded to TMZ treatment. Interestingly, 
in the above study no significant correlation of MGMT, 
Ki-67, and p53 with the efficacy of TMZ was noted [75].

Plurihormonal PIT‑1 positive adenomas

Plurihormonal PIT-1 positive adenomas, originally called 
silent subtype 3, are extremely rare neoplasms originating 

Fig. 2   A Silent corticotroph adenoma positive for PAS stain (10 ×). 
B Sparsely granulated silent corticotroph adenoma immunoreactive 
for ACTH (10 ×). C Crooke cells with massive perinuclear or paranu-

clear cytoplasmic depositions of hyaline material (25 ×). D Function-
ing Crooke adenoma showing cytoplasmic and nuclear immunoreac-
tivity for galectin-3 (25 ×)
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from the PIT-1 lineage [76]. Histologically, they are chromo-
phobic, poorly differentiated, and negative on PAS stain-
ing and are composed of large polygonal to spindle-shaped 
cells [76, 77]. On immunohistochemistry, they may display 
reactivity for various pituitary hormones, including GH, 
PRL, thyroid-stimulating hormone (TSH), and α-subunit 
(Fig. 3A) [76, 78]. The most important diagnostic feature, 
however, is immunopositivity for PIT-1 transcription factor 
(Fig. 3B), which is also highly expressed in other function-
ing and silent adenomas secreting GH, TSH, and α-subunit 
[77, 79, 80]. In addition, they are also focally positive for 
estrogen receptors and GATA3 [81]. Accurate diagnosis, 
based on histology, is extremely difficult and may require 
confirmation with electron microscopic studies. The ultra-
structural hallmark of this adenoma type is the presence of 
abundant nuclear spheridia. The cells are monomorphous 
and undifferentiated and contain sparse secretory granules of 
50–210 nm [76]. Plurihormonal PIT-1-positive adenomas at 
the time of diagnosis are large or giant, with cavernous sinus 
invasion and occasional involvement of the clivus [77]. They 
mostly occur in young individuals, especially women, and 
are often associated with particularly clinically aggressive 
behavior with high persistence rate, recurrences in approxi-
mately 50% of cases, and lower rates of disease-free survival 
[25, 76–78]. Even though they may produce more than one 
of the pituitary hormone types, in their substantial majority, 
they remain silent, although some cases may be associated 
with hyperthyroidism, acromegaly, or hyperprolactinemia 
[77].

The presence of sstrs in some of these adenomas may 
predict response to somatostatin analogs, contributing to 
long-term control in patients with residual tumor mass. A 
recent study has demonstrated that thyrotroph adenomas 
highly express sstr2A, sstr2B, sstr3, and sstr5 [82]. These 

findings are in keeping with the presence of sstr2A in 89% 
of silent thyrotroph adenomas reported previously [83]. The 
latter observations might be important for plurihormonal 
PIT-1-positive adenomas, producing TSH expressing sstrs. 
As a rule, administration of octreotide and lanreotide to 
thyrotroph adenomas leads to reduction of TSH secretion 
and normalization of TSH blood levels in more than 80% of 
patients [84]. In another retrospective study, treatment with 
somatostatin analogs in seven patients with TSH-secreting 
adenomas led to normalization of free thyroid hormones and 
TSH levels and to reduction of adenoma volume in six of 
them [85].

In a study including eight silent, clinically aggressive 
plurihormonal PIT-1-positive adenomas, six of them (75%) 
lacked MGMT immunoreactivity. This finding suggests 
potential efficacy of management with administration of 
TMZ [86]. Another study reported MGMT promoter meth-
ylation in 42% of 12 of these silent adenomas, while all the 
methylated ones had low MGMT immunoreactivity. It there-
fore seems that patients with these adenomas may respond 
to treatment with TMZ [87].

Predictive markers and the role of pathology

Somatostatin analogs and evaluation of sstrs

Somatostatin is a tetradecapeptide which inhibits endocrine 
and exocrine cell secretion and proliferation. Somatostatin 
exerts its effects via specific sstrs, distributed throughout the 
cell membrane, which have high affinity to natural somato-
statin [88]. Synthetic somatostatin analogs are currently used 
to treat various pituitary adenomas. Among the five types 
of sstrs, sstr2 and sstr5 are the most important, although 

Fig. 3   A PIT-1 plurihormonal adenoma, with focal immunoreactiv-
ity for alpha-subunit (10 ×). B PIT-1 plurihormonal adenoma show-
ing nuclear immunoreactivity for PIT-1 transcription factor (40 ×). C 
Intense and complete, linear cytoplasmic distribution of immunohis-

tochemical expression for sstr2 in a somatotroph adenoma, indicating 
response to treatment with somatostatin analogs (10 ×). D Lactotroph 
adenoma with extensive MGMT expression, predicting no response 
to treatment with TMZ (25 ×)
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novel somatostatin analogs show wide binding activity with 
other sstr types [89]. For somatotroph adenomas, targeted 
treatment with somatostatin analogs is the first-line ther-
apeutic option. This option might also be appropriate for 
plurihormonal PIT-1-positive adenomas producing GH, or 
TSH, which more likely express sstrs. Large adenomas fail 
to be removed completely, and the remaining residual part 
requires additional treatment. For postsurgical treatment, the 
status of adenomas expressing sstrs is recognized as a reli-
able marker to predict the outcome of treatment with soma-
tostatin analogs [21, 82, 90]. These drugs may be effective 
even for SGSAs, which respond less successfully to treat-
ment [21]. To ensure and maximize the expected therapeu-
tic result, sstrs should be carefully evaluated before starting 
the treatment. Several methods are available to detect sstrs, 
such as mRNA, real-time PCR, and immunohistochemis-
try. As a rule, every method has advantages and disadvan-
tages. Total mRNA extraction of sstrs provides high-quality 
material, whereas quantitative analysis using real-time 
reverse transcription-polymerase chain reaction analysis of 
sstrs provides reliable information [91]. Techniques based 
on sstr mRNA analysis require high-quality mRNA from 
fresh tissue. However, the whole extracted mRNA may be 
derived from tissue fragments of nontumorous adenohypo-
physial parenchyma, often included in surgical specimens. 
Therefore, evaluation of sstr mRNA status cannot be con-
sidered for the prediction of the therapeutic outcome [82, 
90]. Due to the fact that in the majority of routine cases 
only formalin-fixed paraffin-embedded tissue is available, 
immunohistochemical evaluation of sstrs is the method of 
choice. The technique, which is suitable even for archival 
material, allows assessment of density and distribution 
pattern of membrane-active sstrs. The currently available 
highly sensitive monoclonal antibodies for sstrs enable 
high-resolution analysis and correlation to tissue morphol-
ogy. Sstr immunostaining localized on the cell membrane 
is crucial to predict response to treatment, highlighting the 
importance of somatostatin analogs for therapeutic manage-
ment [92]. Therefore, for prediction of therapeutic efficacy, 
immunohistochemical evaluation relies on the membrane 
sstr status, while the internalized receptor component within 
the cytoplasm must be ignored. For the assessment of sstr 
membranous immunopositivity, a four-scale scoring system 
has been proposed based on the pattern of membranous sstr 
distribution, similar to that initiated for evaluation of Her-2/
neu membrane distribution in breast carcinomas (Table 2). 
The 10% threshold for sstr staining is used for evaluation in 
the scoring system, because estimation below this thresh-
old is not dependable. The criteria of this scoring system 
are well enough defined to make it easy and reproducible 
for application in routine pathology so as to ensure consist-
ent results [82]. According to previous studies, sstr expres-
sion in more than 10% of a cell population is sufficient to 

predict response to treatment with somatostatin analogs. 
The staining intensity reflects the amount of the receptor 
protein: thus, scores 2 + and 3 + , as defined in the scoring 
system and corresponding to a high density of sstr protein, 
should be considered of clinical importance (Fig. 3C). In 
contrast, a weak staining intensity corresponding to low sstr 
levels predicts negative or low response to treatment [93, 
94]. The cytoplasmic immunoreactivity of sstrs, if present, 
is not a technical artifact but corresponds to the internal-
ized sstr component. Another scoring system, correlating 
sstr immunohistochemistry with octreoscan scintigraphy, in 
other neuroendocrine tumors, like gastroenteropancreatic, 
also takes into account cytoplasmic localization of sstr. The 
scoring system is important for the evaluation of the efficacy 
of treatment with somatostatin analogs [95, 96]. Optimiza-
tion of working dilutions and selection of the type of applied 
immunohistochemical protocol should be carefully tested 
and designed in each laboratory in order to obtain reliable 
and consistent results.

TMZ and evaluation of MGMT

To control progression and symptoms of high-risk ade-
nomas resistant to conventional pharmaceutical drugs, 
surgery, or/and radiation, more advanced therapeutic 
modalities are required. TMZ is an oral alkylating chemo-
therapeutic agent that has been found to be effective in the 
treatment of such adenomas. Administration of TMZ can 
be a chemotherapy option when conventional treatments 
fail to maintain remission. Response to treatment is evi-
dent based on reduction in tumor volume, arrest of tumor 
growth, and prolonged survival [97]. In most cases, there 
is a strong association between negative MGMT immu-
nostaining and excellent response to TMZ. Although TMZ 
may deplete low MGMT stores, high MGMT expression 
indicates absence of response (Fig. 3D) [98, 99]. Lack 
of standardization of the criteria used to evaluate the 
clinical response rate has generated controversial results 
[99]. While treatment with TMZ is effective in about 
50% of patients, it is not effective for long-term control 
of aggressive adenomas [52]. The reported absence of 
correlation between promoter methylation and MGMT 

Table 2   Scoring system, according to the distribution pattern and 
intensity of sstr immunoreactivity on the cell membrane

Grade Result Cell number Cell membrane pattern 
and staining intensity

0 Negative or positive  < 10% Any
1 +  Positive  > 10% Week, incomplete
2 +  Positive  > 10% Moderate, focally 

complete
3 +  Positive  > 10% Strong, complete linear
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immunoreactivity status suggests complex underlying 
regulatory mechanisms [87]. Unfortunately, as demon-
strated by several studies, no correlation between MGMT 
with Ki-67 and p53 has been detected [54, 66, 72, 75]. 
It is generally agreed that the gold standard criterion to 
select candidate patients with aggressive adenomas for 
TMZ treatment is immunohistochemistry for MGMT. 
However, some cases that are negative for MGMT do not 
respond to treatment. Due to inconsistency of MGMT 
expression and unavailability of other treatment modali-
ties, some clinicians disregard MGMT status and proceed 
directly to administration of TMZ. The issue of whether 
MGMT represents the best predictive marker is controver-
sial and still remains a subject of debate. There are several 
technical reasons that may explain the lack of response 
[56, 100–102]. In a recent study, only one of the 25 pitui-
tary adenomas analyzed was positive for MGMT when 
immunohistochemistry was carried out without the use 
of a retrieval protocol. However, repeated immunohisto-
chemistry with application of retrieval protocols disclosed 
MGMT positivity in another three initially presumed nega-
tive adenomas. The above study illustrates the implication 
of technical drawbacks of MGMT immunoreactivity that 
may lead to false negative results [101]. Formaldehyde, 
which is widely considered as the standard tissue fixative, 
might cause technical problems in immunohistochemistry, 
due to the formation of chemical dialdehyde bonds seques-
tering the antigen sites [103]. To overcome this problem, 
several pretreatment techniques, leading to unmasking of 
hidden antigen sites, are available. Pathologists need to 
experiment with various unmasking protocols and select 
the most appropriate before introducing MGMT immuno-
histochemistry for clinical application [102, 104]. Other 
technical problems that may also result in failure include 
inappropriate (delayed or prolonged) tissue fixation of ade-
noma tissue samples, and duration of paraffin tissue block 
storage. Furthermore, lack of a standard scoring system 
for counting MGMT positive nuclei and interobserver or 
intraobserver variations constitute additional obstacles to 
determining MGMT expression with accuracy [102, 105]. 
Lastly, low sensitivity of the antibody or the detection sys-
tem used may lead to inconsistent immunohistochemical 
results. As would be expected, all these pre-analytical and 
post-analytical problems deter some clinicians from rely-
ing on MGMT immunohistochemistry. Given that TMZ 
administration should be restricted to selected patients 
with potential for response to treatment, MGMT expres-
sion by immunohistochemistry using the appropriate anti-
gen retrieval protocol is strongly recommended [101].

MGMT promoter methylation and MSH6 expression 
represent alternative markers predicting response to treat-
ment with TMZ [56, 75, 87, 97].

Emerging novel treatment modalities

Some high-risk, refractory aggressive-invasive adenomas 
that are resistant also to TMZ require more advanced treat-
ment modalities [6, 106, 107].

Vascular endothelial factor (VEGF) inhibits angiogen-
esis, resulting in the suppression of tumor growth. Anti-
VEGF was applied either as monotherapy or in combina-
tion with TMZ in two patients with corticotroph adenomas, 
one of them silent type 2 progressing to carcinoma. Anti-
VEGF treatment stopped tumor progression for 26 months 
and 5-years follow-up, respectively. It should be noted that 
both adenomas were strongly immunoreactive for VEGF. 
Therefore, VEGF may serve as a predictive marker for 
anti-VEGF treatment [59, 107]. In another study, a corti-
cotroph carcinoma was treated successfully with combined 
TMZ and anti-VEGF, resulting in 5 years of progression-
free follow-up [108].

Epidermal growth factor receptor (EGFR)-targeting 
tyrosine kinase inhibitor has been used to treat two resist-
ant lactotroph macroadenomas as well as an aggressive 
corticotroph adenoma that progressed to carcinoma [107, 
109, 110]. The therapeutic effectiveness of EGFR tyros-
ine kinase inhibitor in corticotroph adenomas was found 
to be related to nuclear expression of EGFR [110]. The 
presence of ubiquitin-specific protease 8 mutations in 
up to two-thirds of patients with corticotroph adenomas 
may underlie the increase in EGFR signaling [111]. How-
ever, in another study of aggressive lactotroph adenomas, 
EGFR and ErbB2 immunohistochemical expression was 
not detectable in three of the four cases studied, and no 
correlation was found with treatment response [112].

The anti-proliferative effect of mTOR inhibitors has 
been demonstrated in pituitary cell lines and primary cul-
tures [113]. Administration of mTOR inhibitors results 
in decreased protein synthesis, reduced cell growth, and 
cell cycle arrest. An oral mTOR inhibitor drug in com-
bination with other treatment modalities was tested in 
six patients with aggressive lactotroph and corticotroph 
adenomas. Three of them, one with lactotroph and two 
with corticotroph adenomas, showed transient stability 
for 5 to 12 months [114–116]. However, more studies are 
needed to clarify the usefulness of mTOR inhibitors to 
treat patients with highly aggressive-refractory adenomas 
that failed to respond to other treatment modalities, includ-
ing TMZ.

Programmed death 1 (PD-1) blockade has achieved 
robust responses in various malignancies. PD-L1 and 
CD8 + tumor-infiltrating lymphocytes (TILs) represent 
predictive markers for this immunotherapy. A recent 
study of 191 pituitary adenomas reported that PD-L1 
is frequently expressed in functioning adenomas with 
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aggressive behavior. In addition, a correlation was noted 
between positive CD8 + TIL expression and elevated blood 
level of PRL, GH, ACTH, and cortisol. PD-L1 expres-
sion was also correlated with immunostaining for PRL 
and GH and a higher Ki-67 index, while expression of 
CD8 positive TILs was correlated with immunostaining 
for PRL [117]. In a series of 48 functioning and silent 
aggressive pituitary tumors, the PD-L1 RNA and protein 
expression was studied. Significantly increased PD-L1 
was observed in functioning pituitary compared to non-
functioning adenomas. In addition, recurrent adenomas 
harbored lower levels of PD-L1 mRNA compared to pri-
mary ones [118]. A single case report described success-
ful immunotherapy treatment of pituitary lactotroph mac-
roadenoma [119]. Another case of corticotroph carcinoma 
treated consecutively with anti-CTLA-4 and anti-PD-L1 
monoclonal antibodies showed a 59% and 92% decrease 
of the primary tumor and liver metastasis volume, respec-
tively, in a 6-month follow-up [120]. It seems that immu-
notherapy based on checkpoint inhibitors may hold prom-
ise in the treatment of high-risk refractory adenomas and 
carcinomas.

Lastly, peptide receptor radionuclide therapy (PRRT) 
represents a promising option as third-line treatment strat-
egy for aggressive-refractory pituitary adenomas and car-
cinomas. According to recent reports, PRRT resulted in 
growth arrest, tumor shrinkage, and clinical or biochemi-
cal improvement in four out of 13 patients with aggressive 
pituitary neoplasms, including two giant prolactinomas, 
one silent corticotroph adenoma, and one carcinoma with 
metastasis [121].

Conclusions

High-risk pituitary adenomas are well-defined morpho-
logical types with clinically aggressive features. Precise 
histological classification requires immunohistochemistry 
for pituitary hormones and cytokeratins to identify high-
risk adenoma types. In addition, assessment of predictive 
markers by immunohistochemistry plays an important 
clinical role in pathology, contributing to achieving the 
maximum of the expected effectiveness of treatment. Our 
aim in presenting the technical drawbacks of immunohis-
tochemistry was to shed light on possible discrepancies in 
the outcome of therapy. In summary, immunohistochem-
istry should be carefully evaluated by an experienced 
pathologist.
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