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Abstract Growth hormone (GH) pituitary tumors are

almost always benign adenomas, yet are associated with

significant morbidity and mortality. Surgical and medical

responses of GH tumors are often incomplete, and there-

fore predictors of residual or recurrent disease are needed.

Clinical features, including patient gender, age or size of

adenoma, have proven to be unreliable predictors of

recurrence. Differing clinical behavior between the two GH

tumor subtypes, sparsely granulated (SG) versus densely

granulated (DG), has been reported, but has not been used

routinely in clinical management. SG tumors are more

common in younger patients (\50 years), and are usually

larger tumors. SG tumors have been reported to be less

responsive to somatostatin analogs (SSA) than DG tumors.

The mechanisms underlying these potential differences in

tumor behavior, however, are poorly defined. Subsets (up

to 50 %) of DG adenomas harbor a gsp mutation that can

activate cAMP that provides a theoretical intracellular

target for somatostatin therapy. In contrast, some SG

tumors have reduced somatostatin receptor expression and

mutations in the extracellular domain of the GH receptor

that may contribute to SSA resistance. While DG versus

SG growth hormone adenomas are readily distinguished by

immunohistochemistry, other less common GH adenoma

variants still require electron microscopy (EM) for confi-

dent subclassification. Whether these less common variants

possess unique clinical features is unknown. Research is

needed to identify clinically relevant biomarkers of GH

pituitary tumors that predict risk of recurrence and

response to medical therapy.
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Introduction

Acromegaly is a disorder of abnormal skeletal and visceral

tissue growth triggered by oversecretion of growth hor-

mone (GH). In the vast majority of cases, acromegaly is

caused by a GH pituitary adenoma, with an incidence of

five per million [1, 2]. Although most often benign, these

tumors are associated with significant somatic, metabolic

and cardiovascular complications. GH tumors are detected

as macroadenomas (tumors C1 cm) in 65 % of cases and

often produce local compression of adjacent sellar struc-

tures, with associated visual impairment and pituitary

hormone deficiencies [3]. Chronically elevated serum GH
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levels lead to a 10-year reduction in life expectancy due to

cardio- and cerebrovascular, respiratory, metabolic and

endocrine complications [2].

The goal of acromegaly treatment is biochemical nor-

malization of IGF-1 and GH levels, appropriate for age and

gender [4]. Most guidelines suggest surgical resection as

first-line therapy for GH tumors [5]. Unfortunately,

because most tumors are large and invasive, less than 50 %

of patients achieve long-term biochemical control postop-

eratively with surgery alone, even in experienced clinical

centers [3, 6]. Medical therapy with somatostatin analogs

(SSA) or more recently a GH antagonist (pegvisomant) is

indicated for patients with persistent disease [7–9]. Dopa-

mine agonists have a limited role in the management of

acromegaly [5]. The availability of different medical

strategies has resulted in uncertainty and complacency

about treatment implementation and optimization [10].

Specifically, *40–50 % of acromegalic patients, treated

with SSAs, have uncontrolled progressive disease despite

surgery and medical therapy [11]. In addition, despite the

initial excellent response rate to the alternative therapy,

pegvisomant, more recent experience suggests IGF-1 level

normalization in\70 % of patients, at least some of which

may have been attributed to inadequate dosing of the

medication [12]. Radiotherapy is often required as

adjunctive therapy, but requires a long latency period to

achieve remission (50 % at 10 years) [2]. Thus, improved

treatment options are still needed for a large subset of

patients.

Although some investigators have used the clinico-

pathological parameters of patient gender, age, adenoma

size and Ki-67 labeling as prognostic predictors of GH-

secreting adenoma behavior, results in the literature have

been conflicting. Several studies reported an inverse rela-

tionship between patient age and likelihood of tumor per-

sistence [13, 14]. Larger tumors have been frequently

associated with invasiveness and poorer response to ther-

apy [3, 15]. In a retrospective study of 254 patients, uni-

variate analysis showed that younger age and larger tumors

were predictive of disease persistence; however, in multi-

variate analysis, none of these variables achieved statistical

significance [16]. A recent meta-analysis of nine studies

concluded that tumor size and invasion were not definite

prognostic factors in acromegaly [17], although some of

these studies were not sufficiently powered to directly

address this question. On pathological aspect, Fusco and

coworkers examined prognostic significance of nuclear

antigen Ki-67 and reported that Ki-67 labeling was sig-

nificantly lower in cured patient group (n = 28/68) with

mean value of 1.5 ± 1.2 %, then in group with persistent

disease (n = 13/68) with mean value of 1.8 ± 1.5 %

(p \ 0.01) [18]. This was, however, in contrast to others

who failed to find such a correlation [19, 20]. No

association was reported between high Ki-67 levels and

MGMT (O-6 methylguanine DNA methyl transferase)

immunoreactivity. MGMT is a recently identified marker

that has been inversely correlated to GH tumor response to

temozolomide, a novel treatment for aggressive pituitary

adenomas and carcinomas [21].

Pathologists have further defined GH tumor histology,

by densely (DG) and sparsely granulated (SG) subtypes

[22], which have aided the ability of endocrinologists to

predict tumor activity. Histological features of DG- and

SG-GH adenomas are contrasted in Figs. 1 and 2, respec-

tively. Hematoxylin–eosin staining of the two subtypes is

depicted in Fig. 1a (DG tumor) and Fig. 2a (SG tumor).

Histology is an important predictor of persistent disease

and has been correlated with responsiveness to medical

therapy with somatostatin analogs, with SG adenomas

showing lower responsiveness than DG adenomas [23]. No

data are available as to whether GH histologic subtype

predicts response to pegvisomant, the GH receptor antag-

onist. The issue of GH subtyping has been greatly facili-

tated by the use of immunohistochemistry for CAM 5.2, an

antibody that recognizes the cytoplasmic keratin filaments

present as fibrous bodies in SG adenomas, but not DG (see

Figs. 2c and 1d, respectively) [24]. Immunohistochemistry

has largely eliminated the need for electron microscopy

(EM) in this distinction, but it is still required to sub-

classify less common GH variants [24, 25]. Importantly,

however, even with publications detailing the importance

of sub-classifying GH adenomas as SG versus DG on the

basis of immunohistochemistry, the sub-classification is

not often used clinically to decide which medical therapy

to pursue.

This review outlines the current data on the correlation

of histology of SG- and DG-GH tumor subtypes, to clinical

and biochemical outcomes and characterize their value as

prognostic predictors in acromegalic patients. At present,

these features, although promising, are inadequate and

future research is needed to determine the pathophysiology

of these tumors, biomarkers of disease activity and pro-

gression and predictors of response to somatostatin analogs

(SSA) compared with GH antagonist therapy for patients

with residual or recurrent disease.

DG versus SG GH tumors—a historical perspective

Advances in pathological characterization of GH tumors

using EM imaging initially led to the immunohistochemi-

cal division of GH tumors into two subtypes with distinct

ultrastructure features; densely and sparsely granulated

adenomas [26, 27]. While DG tumors display well-

developed organelles and abundant large secretory gran-

ules on electron microscopy, SG-GH tumors manifest
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sparse neurosecretory granules (see Fig. 2d). Sano and

coworkers subsequently used a differential cytokeratin

expression pattern (with CAM 5.2 keratin stain) as a sur-

rogate marker between DG and SG GH tumors [28].

Cytokeratin immunostaining under light microscopy

proved to be an adequate, more cost-effective substitute for

EM with DG showing perinuclear or non-dot pattern and

SG displaying dot cytokeratin pattern [24]. Fibrous bodies,

found specifically in SG tumors, form spherical aggregates

of cytokeratin containing filaments in the region of Golgi

membrane and smooth-surfaced endoplasmic reticulum

(see Fig. 2c) while these are not present on CAM 5.2

staining in DG tumors (see Fig. 1d). Besides its structural

role, cytokeratin has an important role in many cellular

functions, including protein synthesis, membrane traffic

and signaling, and its disruptions could result to abnormal

cellular function [29]. The implication of variable cyto-

keratin patterns in morphologically distinct GH tumor

subtypes is unknown.

Most GH adenomas are either DG or SG, but unfortu-

nately, the subclassification is not quite as simple.

GH-secreting adenomas often additionally display immuno-

reactivity for other anterior pituitary hormone types, usually

prolactin (PRL) followed by the alpha subunit (a-subunit)

of glycoprotein hormones; less commonly the beta-subunit

(b-subunit) of follicle-stimulating hormone (FSH), luteinizing

hormone (LH) or even thyroid-stimulating hormone (TSH) is

also detected [24, 25]. Figure 1c depicts PRL (left) and alpha

subunit (right) immunostaining in DG tumor.

Regarding plurihormonality, most studies demonstrate

that GH, TSH and a-subunit immunoreactivity are consis-

tently weaker in SG than in DG-GH pituitary tumors

Fig. 1 Densely granulated growth hormone cell adenoma. a DG-GH

adenomas show a monomorphic cell population with abundant

eosinophilic cytoplasm on hematoxylin and eosin stain. b There is

diffuse immunoreactivity for growth hormone throughout the

majority of cells in the adenoma. c DG-GH adenomas may also

show focal immunoreactivity for prolactin (c, left), or alpha subunit

(c, right). d Keratins are distributed throughout the cytoplasm, as seen

on Cam5.2 immunohistochemistry
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[28, 30–33], although a recent study did not detect a dif-

ference in GH and TSH staining between the tumor sub-

types [34]. The PRL immunoreactivity has been variable

[28, 30–34]. Figures 1b and 2b illustrate GH immuno-

staining in DG compared with SG, respectively, with GH

staining being more prominent in DG compared with SG

tumors. An obvious weakness of immunohistochemistry is

that differing antibody sources, retrieval methods, variable

tissue fixation and even inter-laboratory differences in

technique can affect the intensity of the hormonal staining

pattern. Despite showing immunoreactivity for various

additional hormones, these tumors usually do not show

significant serum elevations or clinical manifestations

related to these additional hormones, with the exception of

PRL. Lopes reported that 50.8 % of patients with

surgically removed GH adenomas presented with signs and

symptoms of both acromegaly and hyperprolactinemia [25,

35].

Three types of mixed GH-/PRL-secreting adenomas

have been described [24], all of which require EM for

subclassification: mixed GH-PRL adenomas, mammoso-

matotroph cell adenomas (single-cell type similar to DG

adenomas secreting both PRL and GH in the same cell) and

acidophilic stem cell adenomas (single immature cell type

with features of SG and PRL cells, with aggressive

behavior and oncocytic, mitochondrion-rich cytoplasm)

[24, 25]. The last two are quite rare (\2 % of all adenomas

collectively), although mammosomatotroph cell adenomas

are cited as constituting 8 % of all GH adenomas [25, 36].

However, mixed GH-PRL adenomas due to a dual-cell

Fig. 2 Sparsely granulated growth hormone adenoma. a SG-GH

shows a relatively monomorphic population of cells on hematoxylin

and eosin stain (H&E), although occasional cells may show nuclear

enlargement on H&E. b Immunostaining for growth hormone is

usually patchy and sparser, as reflected in the name. c Unlike DG-GH,

SG-GH shows dot-like keratin immunoreactivity in the cytoplasm on

Cam5.2 immunostaining, paralleling the presence of fibrous bodies.

d Fibrous bodies on electron microscopy consist of rounded

collections of filaments (*) located adjacent to the nucleus (upper
right)
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population are fairly common and can consist of DG-PRL

or SG-PRL combinations [25]. Whether these dual-cell

population, mixed GH-PRL adenomas have further differ-

ing behavior or patient demographics from pure DG and

pure SG adenomas has not been investigated.

In addition, some authors have further suggested that

classification of pure DG versus pure SG GH adenomas

based on cytokeratin (CAM 5.2) immunoreactivity is too

simplistic. In a detailed study of 104 GH adenomas, Obari

and coworkers divided cases into those 47 pure DG type

adenomas with perinuclear cytokeratin immunoreactivity,

31 pure SG-type adenomas with dot-like deposits of

globular cytokeratin immunoreactivity and 26 adenomas in

which a ‘‘transitional’’ pattern of cytokeratin immuno-

staining could be identified [31]. The latter were described

as having ‘‘halfway-formed or non-globular dots, occa-

sionally accompanied by complete or incomplete ring-like

immunoreactivity’’ [31]. In their classification schema,

intermediate-type adenomas with ‘‘transitional’’ immuno-

staining pattern for cytoplasmic keratin behaved identically

to DG GH adenomas [31]. These data do raise the possi-

bility than differences between various pathologists in how

they interpret such ‘‘transitional’’ cytokeratin immuno-

staining patterns in GH adenomas may alter the subclas-

sification into GH adenoma subtypes on the basis of CAM

5.2 immunohistochemistry.

Correlation to clinical presentation and subtype of GH

tumor

Since the initial description of histologic difference in GH

tumor subtypes, there has been an interest in correlating

specific histological patterns to clinical, hormonal and

radiological presentation [28]. The studies are summarized

in Table 1.

Patient characteristics

The literature correlating GH tumor subtypes to age and

gender is limited to five studies with a total of 420 patients.

A study of 104 Japanese patients with GH tumors, 31

SG-type tumors, 47 DG-type adenomas and 26 with mixed

pattern found that mean age was lower (43.6 ± 11.1 vs.

49.6 ± 13.8 years, p \ 0.05) in patients harboring SG

compared with DG tumors [31]. Similar findings were

reported in three other studies: Bando et al. reported 21

patients with mean age 39 ± 4.2 versus 47.4 ± 14.6 years,

Mazal et al. described 76 patients with mean age 38.66

versus 46.36 years and Bakhtiar et al. presented 141

patients with mean age 45.0 ± 16.1 versus 50.1 ±

12.6 years for SG compared with DG tumors, respectively

[30, 32, 34]. With respect to gender, a retrospective study

of 31 GH tumors concluded that SG tumors were more

frequent in females: 23 DG (18 male and 5 female) and 8

SG (1 male and 7 female) [33]. Subsequently, three larger

studies, however, did not substantiate these initial reports,

detecting no correlation between gender and morphological

variants of GH pituitary tumors [31, 32, 34]. Recently, a

study from Norway found no correlation between GH

adenoma granulation pattern and age or gender, but this

study was limited by a small number of SG tumors

(n = 10) available for analysis [37]. In summary, taken

together, these data support a correlation between GH

subtype and age, but not gender, with SG-GH tumors being

more common in the young.

Correlation of histology with tumor size

and invasiveness

Although division of GH tumors by size into microadenoma

(\1 cm) and macroadenoma (C1 cm) has been widely

accepted, further correlation of tumor-staging approaches

with clinical outcomes is lacking. Radiographic imaging

has limited value in staging pituitary tumors, but the

investigators have used Wilson’s modification of Hardy’s

criteria and Knosp classification to stage these tumors.

Wilson modification of Hardy’s radiographic categorization

is defined as: stage-I tumor \1 cm, stage-II tumor [1 cm,

but intrasellar/slightly suprasellar, stage-III invasion of sella

and stage-IV diffuse destruction of sella [38]. In addition, a

Knosp classification (using internal carotid arteries as

landmarks for invasiveness) has been used [39].

Using Wilson’s modification of Hardy’s criteria, Bando

and coworkers [38] demonstrated that tumors stage III and

IV were seen in 86 % (n = 6/7 tumors) of patients with SG

and 31 % (n = 4/13 tumors) of patients with DG-GH

tumors [30]. Using the same criteria, Yamada and

coworkers reported 87 % (n = 7/8 tumors) of SG tumors

were stage III or IV tumors compared with DG of 22 %

(n = 5/23 tumors) [33]. In contrast, Mazal and coworkers

did not find a significant correlation between GH tumor

subtypes, but reported more frequent suprasellar extension

(84 %; n = 24/29 tumors) and cavernous sinus infiltration

(75 %; n = 22/29 tumors) in SG tumors compared with DG

tumors (33 %; n = 16/47 tumors and 26 %; n = 12/47,

respectively) [32]. A more recent report of 104 patients

confirmed that SG-type tumors are larger and more inva-

sive, as well as more advanced using the Knosp classifi-

cation [31]. Thus, SG tumors tend to be larger and more

invasive in comparison to DG adenomas. Hagiwara and

coworkers also explored MRI characteristics of GH com-

pared with non-GH tumors and found that on T2-weighted

MRI images signal hypointensity was more commonly

seen in GH adenomas (n = 16/40 [40 %]); p \ 0.001) with

finding been exclusive to DG-GH tumors [40]. A more

22 Endocrine (2012) 42:18–28
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Table 1 Studies correlating clinical predictors and two growth hormone tumors subtypes, densely granulated (DG) and sparsely granulated (SG)

Studies Age mean

(years)

Gender

(M/F)

Tumor size/invasive Immunostaining Hormone levels

basal

Ezzat

et al.

[55]

DG—extensive immunoreactivity DG—GH:

49 ± 15 lg/L

SG—variable staining IGF-I:

7443 ± 1117 U/L

SG-GH:

43 ± 10 lg/L

IGF-I

8979 ± 1555U/L

Yamada

et al.

[28]

DG—47.4

(26–66)

DG—18/5 DG—22 % III and IVa DG—GH diffusely present; PRL 43 %;

TSH-b 26 %; a-subunit 87 %

DG—GH:

44 ± 38 ng/mL

SG—36.6

(22–46)

SG—1/7 SG—87 % III and IVa SG—GH variable present; PRL, TSH-b
and a-subunit all negative

IGF-I: 3.3 ± 1.0

U/mL

SG—GH:

71 ± 52 ng/mL

IGF-I: 3.7 ± 0.7

U/mL

Bakhtiar

et al.

[29]

DG—

50.1 ± 12.6

DG—

48.2 %/

51.8 %

DG—17.5 ± 8.9 mmb DG—70.2 ± 35.3 E-cadherin DG—GH:

46.2 ± 130.5 ng/

mL

SG—

45.0 ± 16.1

SG—

36.7 %/

63.3 %

SG—23.5 ± 11.5 mmb SG—9.9 ± 25.1 E-cadherin SG—GH:

115.7 ± 326.9 ng/

mL
No significant difference in

invasiveness

GH, PRL, TSH-b positivity with no

significant difference

Bando

et al.

[25]

DG—

47.4 ± 14.6

DG—4/9 DG—31 % III and IVa DG—GH diffusely present, a-subunit 85 % DG—GH: 33.3 ng/

mL (mean)

SG—

39.5 ± 4

SG—2/5 SG—86 % III and IVa SG—GH variable present, a-subunit 14 % SG—GH: 59.9 ng/

mL (mean)

Obari

et al.

[26]

DG—

49.6 ± 13.8

DG—70 % II, III and IVa DG—GH 87 %; a-subunit 43 %; PRL

49 %; TSH-b 13 %; E-cadherin 90 %

DG—GH:

59.4 ± 82.9 ng/

mL

SG—

43.6 ± 11.1

SG—94 % II, III and IVa SG—GH 29 %; PRL 29 %; no a-subunit or

TSH-b; E-cadherin 5 %

SG—GH:

40.6 ± 43.9 ng/

mL
DG—38 % invasive

SG—65 % invasive

Mazal

et al.

[27]

DG—46.4

(14–70)

DG—57/43 DG—33.3 % SEc DG—GH diffusely present; PRL 79 %;

TSH-b 53 %; a-subunit 28 %

SG—38.7

(18–65)

SG—69/31 26.1 % CId SG—GH variable present; PRL 48 %,

TSH- b and a-subunit all negativeSG—84 % SEc

75 % CId

Fougner

et al.

[32]

DG—56

(46–60)

DG—3/7 No significant difference in

tumor size and invasiveness

DG—0.351 E-cadherin ratio DG—GH: 27.1

(10.5–47.5) mU/L

SG—46

(40–52)

SG—13/18 SG—0.013 E-cadherin ratio IGF: 89 (72.2–109)

nmol/L

SG—GH: 33.1

(10.1–96) mU/L

IGF: 81.8

(47.5–109)

nmol/L

a Hardy’s criteria
b Mean maximal tumor diameter
c Suprasellar extension
d Cavernous infiltration
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recent study, also looking at the correlation of MRI signal

intensity to GH subtypes and response to somatostatin

analogs, as primary therapy, reported that 100 % (n = 8/8)

of SG were classified as hyperintense and 42 % (n = 5/12)

of DG as hypointense on T2-weighted images (p = 0.001)

[41]. The authors also reported that mean IGF-1 reduction,

in 6-months follow up after treatment with somatostatin

analog, was 51 (49–70) % in hypointese versus 13

(5–42) % in hyperdense group. The limitation of the study,

however, is that in up to 20 % (n = 10/45) of MRI, there

was discordance between the evaluating radiologists [41].

Correlation of histology and hormone levels

Several surgical studies, as well as a recent meta-analysis,

found that preoperative GH level was an important out-

come predictor in rates of remission in acromegaly [15–17,

35, 42, 43]. When correlating, preoperative GH levels and

histological subtypes of GH tumors, two studies noted a

trend that SG tumors are associated with lower basal GH

levels. Obari and coworkers reported that mean value of

basal GH levels in SG cases (40.6 ± 43.9 ng/mL) was

lower than those of DG cases (59.4 ± 121.3 ng/mL)

(p [ 0.05) [31]. Bakhtiar et al. found that GH index (GH

secretion per tumor volume) tended to be lower in SG

(17.3 ± 22.2 ng/mL per cm3) than in DG tumors

(23.2 ± 39.1 ng/mL per cm3) (p = 0.145) [34]. Others,

however, did not find association between basal GH levels

and histological subtype of GH adenoma [30, 33]. No

correlation of histologic subtype with IGF-1 levels has

been performed. Although uncommonly used in practice,

GH response to TRH and GHRH stimulation were evalu-

ated with respect to GH tumor type. In the postoperative

period, patients with DG manifested higher TRH- and

GHRH-stimulated GH levels than patients with SG tumor

[30, 33, 34]. These observations, however, were not vali-

dated by later reports [44–48]. A major disadvantage of

these dynamic tests is the lack of standard definition of an

abnormal GH stimulation response, with abnormal ranging

from 50 to 200 % of basal GH levels [30, 33, 34, 44, 49], as

well as the lack of availability of TRH and GHRH reagents

clinically.

Investigators have also explored various histological

parameters associated with tumor aggressiveness and while

most found no association between MVD (microvascular

density) and p53 expression and GH tumor types [34],

MIB-1 index, an indicator of proliferation, was higher in

SG adenoma than in DG adenomas (4.23 vs. 2.07 %,

p \ 0.0001) [32]. DG tumors also have higher number of

cells reactive for E-cadherin and b-catenin, suggesting a

more differentiated phenotype [31, 34, 37, 50, 51].

E-cadherin and b-catenin form complexes serving as

adhesive links between the cells and playing an important

role in cell polarity across the epithelial sheet. Impairment

of E-cadherin and b-catenin and subsequently weakening

of the adherens junction components have been demon-

strated to play an important role in induction of epithelial–

mesenchymal transition (EMT) during tumorigenesis

[52–54]. The exact role and implication of loss of

E-cadherin and b-catenin expression in SG-GH pituitary

tumors, however, has not been elucidated.

Pathophysiological differences underlying DG and SG

tumors

Alterations in the normal signaling from GH-releasing

hormone (GHRH) activating the GH receptor and ulti-

mately –cAMP axis has been implicated in GH tumori-

genesis [55]. On binding to its G-protein coupled receptor,

GHRH signals via adenylate cyclase (AC) and cAMP to

induce CREB (cAMP response element-binding protein)

mediated transcription of GH. The potential molecular

mechanisms identified in DG and SG pituitary tumors are

depicted in Fig. 3. An activating mutation in G protein

subunit a (gsp) leads to constitutively active cAMP

resulting in high GH and is a putative cause of GH tumors

and acromegaly. Shortly after altered gsp and adenylate

cyclase (AC) activity was reported in human GH tumors

[55, 56], Spada and coworkers examined the correlation of

the presence of a constitutively active gsp mutation and GH

tumor subtype [57]. In this 9-year retrospective study, only

33 % of all GH tumors (n = 26/80) had the gsp mutation

resulting in constitutively active AC. Intriguingly, this

alteration was more frequently observed in DG than in SG

tumors [57]. This observation was recently reexamined by

Bakhtiar and coworkers who found that 58 % of all GH

tumors (n = 25/43) had gsp mutations. Although the

mutation was detected in 66 % of DG (n = 20/30) tumors,

in contrast to Spada and coworkers [57], 38 % of SG

(n = 5/13) also harbored a deregulated gsp [34]. Both

groups observed that tumors carrying altered gsp were

smaller in size and had significantly higher GH level per

volume of tumor compared with tumors without the

mutation. When exposed to octreotide, 44 % of patients

(n = 4/9) harboring the mutation and 18 % of patients

(n = 2/11) without the mutation displayed a treatment

response defined as a 90 % or greater decrease in the GH

level from the baseline during testing [34]. Considering

that adenylate cyclase is an intracellular target for

somatostatin analog inhibition, it is surprising that less than

half of patients responded to octreotide, suggesting that the

gsp mutation is not the driving force in tumorigenesis and

that other abnormalities exist within these tumors that

remain to be elucidated. The concept that gsp mutations

alone are insufficient for neoplastic transformation is

24 Endocrine (2012) 42:18–28
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supported by transgenic mouse models of GH overex-

pression and McCune-Albright patients; both of which

frequently show GH hyperplasia on histology, without

evidence of GH adenomas [58]. Interestingly, a recent

study, limited by small number of SG patients, reported no

correlation between gsp mutation and GH adenoma mor-

phology (gsp mutation present in 43 % [n = 13/30] of DG

adenomas and 33 % [n = 3/9] of SG tumors) [37].

Asa and coworkers suggested that mutations within the

GH receptor (GHR) may play a role in the pathogenesis of

SG tumors via impaired GH auto-feedback. A heterozy-

gous exon 4 GH receptor mutation was detected in 6 of 14

SG tumors, but none of the 12 DG tumors [59]. In vitro

studies demonstrated that this mutation was associated with

impaired GH receptor processing, ligand binding and sig-

naling. In addition, they showed that pegvisomant action to

antagonize GH in primary cultures of human DG growth

hormone tumors led to fibrous body formation, similar to

the SG phenotype. The authors hypothesized that altered

GH binding contributes SG tumorigenesis. Others did not

detect mutated GH receptors in 18 GH tumors, although the

distinction between SG and DG tumors was not defined

[60]. Importantly, transgenic GHR knock-out mice

developed somatotroph hyperplasia without frequent evi-

dence of GH adenomas, suggesting an alternate mechanism

for SG tumor pathogenesis [61].

GH adenoma subtypes and treatment response

Despite the surgical advances and availability of medical

therapy with somatostatin analogs or a competitive GH

antagonist, 40–50 % of acromegalic patients are insuffi-

ciently treated and have persistent or recurrent disease [11].

Despite numerous publications studying the efficacy of

SSA in normalizing GH/IGF-1 levels and decreasing tumor

size, these studies are heterogenous regarding patient

selection, definition of response, varying criteria for GH

cure over the years and treatment duration. In addition, the

majority of studies have not distinguished GH respon-

siveness by tumor subtype.

Bando and coworkers examined the ability of a single

dose of octreotide acetate to suppress GH levels for 8 h and

demonstrated that patients with DG tumors had signifi-

cantly better GH suppression than patients with SG tumors

(nadir/basal ratio 13.5 ± 5.8 % in DG vs. 42.9 ± 6.6 % in

Fig. 3 Molecular defects in GH adenoma subtypes postulated to

impact clinical presentation and prognosis. Left DG growth hormone

tumors may have an activating mutation in G protein subunit a (gsp),

leading to constitutively active cAMP and PKA and resulting in high

GH as a putative cause of excess growth hormone and acromegaly.

Right Some SG growth hormone tumors have mutations in the

extracellular domain of the growth hormone receptor leading to

disruption of GH auto-feedback signaling that may contribute to their

pathogenesis
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SG), suggesting they would be more responsive to long-

term SSA therapy [30]. Subsequently, Ezzat and coworkers

examined the relationship between GH tumor subtype and

response to octreotide therapy in 68 acromegalic patients

[62]. Patients were characterized as those who received

octreotide preoperatively and those who received surgery

alone. GH levels were assessed at 1 month following the

procedure in surgery alone group; and after 4 months of

octreotide therapy in combination group. In the latter

group, GH levels were measured for 4 h following octre-

otide administration. While there was no difference in

basal GH levels after surgery or after octreotide followed

by surgery, patients harboring DG tumors showed greater

GH suppression after preoperative octreotide compared

with those with SG tumors; GH was reduced to 30 and

70 % of baseline level, respectively. Interestingly, how-

ever, there was no correlation between GH tumor subtype

and IGF-1 levels [62]. The short-term follow up in this

study limits ability to predict long-term response to SSA

therapy.

Recently, Bhayana and coworkers performed a 10-year

retrospective analysis to assess the correlation of GH tumor

type and response to SSA therapy [23]. All 40 patients in

this cohort underwent transsphenoidal surgery followed by

octreotide administration for a minimum of 4 months.

Complete response to therapy was defined as normalization

of age-adjusted IGF-1; and corroborated by a random GH

\1.0 lg/L or suppressed GH \ 1.0 lg/L following 75-g

oral glucose tolerance test (OGTT). Responders (20

patients) to SSA therapy included 80 % of patients with

DG tumors compared with 20 % of those with SG tumors;

70 % (16/23) of all DG and 31 % (4/13) all SG were

responders. The authors concluded that tumor morphology

is an important predictor of response to medical therapy

with SSAs [23]. The non-responder group (19 patients) in

this study was composed of 44 % DG and 56 % SG

tumors, again highlighting the fact that additional factors,

beyond tumor morphology likely play an important role in

response to medical therapy. Correlation of GH tumor

subtypes and response to pegvisomant, GH receptor

antagonist, has not been reported to date.

Conclusion

Growth hormone–secreting adenomas, the major cause of

acromegaly in adults, are associated with significant mor-

bidity as well as decreased lifespan when disease remains

active or reoccurs [2]. Identifying potentially aggressive

GH tumors early would not only have a prognostic value

but would also guide the intensity of therapy. In the past,

studies have suggested that the clinical predictors of more

aggressive GH tumors included younger age, larger

invasive tumors and higher basal GH levels and IGF-1

levels. In the last two decades, studies have examined

histologic subtypes of GH pituitary tumors in correlation to

tumor behavior and treatment response. Although most

studies imply that SG adenomas are more commonly

associated with aggressive features such as local invasion,

suprasellar extension and cavernous sinus invasion, histo-

logical subtyping into SG versus DG still does not abso-

lutely predict tumor behavior [31]. Molecular mechanisms

underlying the morphologically different GH tumors sub-

types are only partially understood and cannot explain the

variable behavior of these two subtypes. Elucidating dif-

ferential mechanisms and pathways between DG and SG

tumors and new molecular biomarkers may lead to better

disease prognostication as well as potentially superior

therapeutic targets. A further advantage of future molecular

studies would be the identification of markers that could be

adapted for immunohistochemical evaluation and diagnosis

of GH adenomas in routine diagnostic practice.
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