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Abstract
Purpose  To investigate demographic, imaging and laboratory characteristics, and treatment outcomes of acromegaly patients 
who have bihormonal (BA) growth hormone (GH) and prolactin (PRL) immunoreactive adenomas compared to patients who 
have densely granulated GH adenomas (DGA) and sparsely granulated GH adenomas (SGA).
Methods  Retrospective review of single-center surgically treated acromegaly patients; pathology was analyzed by a single 
neuropathologist using 2017 WHO criteria. Preoperative magnetic resonance imaging was assessed to evaluate tumor size, 
cystic component, invasion and T2 signal intensity.
Results  Seventy-seven patients; 19 BA (9 mammosomatotroph and 10 mixed GH and PRL adenomas) were compared with 
30 DGA, and 28 SGA. Patients with BA were older than SGA (49.6 vs 38.5 years, p = 0.035), had a higher IGF-1 index (3.3 
vs 2.3, p = 0.040) and tumors were less frequently invasive (15.8% vs 57.1%, p = 0.005). BA more frequently had a cystic 
component on MRI than both SGA and DGA (52.6% vs 14.3%, and 22%, p = 0.005 and 0.033, respectively). When all his-
tological types were combined, biochemical remission postoperatively was more common in non-cystic than cystic tumors 
(50% vs 22.5%, p = 0.042). Somatostatin receptor ligand response rate was 66.7%, 90.9% and 37.5% in BA, DGA and SGA 
patients, respectively (p = 0.053).
Conclusion  Imaging characteristics are an increasingly important adenoma behavior determinant. An adenoma cystic com-
ponent may suggest that a GH adenoma is a BA. Cystic tumors exhibited lower rates of surgical remission in this series; 
therefore, optimized individual patient treatment is needed, as patients could be candidates for primary medical treatment.

Keywords  Acromegaly · Growth hormone secreting pituitary adenoma · Mixed prolactin-growth secreting tumors · 
Mammosomatotroph · Bihormonal · Somatostatin receptor ligands

Introduction

Acromegaly is a disease characterized by growth hormone 
(GH) and insulin-like growth factor-1 (IGF-1) excess, 
which is caused in more than 95% of patients by a pituitary 
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adenoma [1, 2]. Growth hormone producing pituitary adeno-
mas have several distinct histologic subtypes and delinea-
tion is important in predicting clinical course and treatment 
response [3]. Subtypes include densely granulated (DG), 
sparsely granulated (SG) or intermediate-type somatotroph 
adenomas, mixed GH- and prolactin (PRL) secreting adeno-
mas, mammosomatotroph (MS) adenomas, and plurihormo-
nal adenomas [4]. In particular, granulation pattern has been 
identified as an important predictor of tumor aggressiveness 
and response to medical treatment with somatostatin recep-
tor ligands (SRLs) [5, 6]. Sparsely granulated GH adenomas 
(SGA) have been associated with more aggressive behavior 
and poorer response to SRLs compared to densely granu-
lated GH adenomas (DGA) [7–10]. Interestingly, magnetic 
resonance imaging (MRI) characteristics are of increasing 
importance in distinguishing GH adenoma type. Sparsely 
granulated adenomas usually appear hyperintense on 
T2-weighted MRI, while DGA have been more commonly 
described as hypo- or isointense [11–13].

Information relating to the clinical course of mixed GH- 
and PRL expressing adenomas (mixed GH-PRL and MS 
adenomas) is sparse [5, 14–16]. In particular, the response 
to SRLs is uncertain and adenoma MRI appearance not been 
well characterized.

We conducted a retrospective analysis to identify charac-
teristics of bihormonal (BA) GH and PRL adenomas (mixed 
GH-PRL and MS) in a large cohort of treatment-naïve acro-
megaly patients in the setting of a GH adenoma, using the 
2017 World Health Organization (WHO) classification of 
pituitary adenomas [4]. We compared baseline clinical, 
pathological, imaging characteristics, and response to SRLs 
between BA, DGAs and SGAs.

Methods

Patients

The study was approved by the Oregon Health & Science 
University (OHSU) Institutional Review Board. A retro-
spective review of patients who underwent surgery for 
acromegaly at OHSU between January 2004 and December 
2018 (15 years) was undertaken. Patients with prior history 
of pituitary surgery, pre-operative use of medical therapy 
(SRLs, dopamine agonists; DAs, GH receptor blockers), or 
radiation were excluded. Forty-six patients reviewed here 
were previously included in a published cohort (from 2006 
to 2011) [5]. For this expanded retrospective analysis, all 
patient’s electronic medical records were re-reviewed and 
the cohort was extended to include 2011–2018, MRI data 
analyzed, and pathology slides were re-reviewed and cat-
egorized by a single neuropathologist according to the WHO 
2017 criteria [4].

Pathology

Histological staining was performed as previously 
described [5]. Cases were reviewed by a board-certified 
neuropathologist (M.D.W.), who was blinded to clinical 
history, tumor radiologic appearance, treatment outcome, 
and original pathological diagnosis. Minimum criteria for 
analysis inclusion were: (1) definitive histological diagno-
sis of a pituitary adenoma with adequate tissue sampling to 
interpret histochemical stains, (2) availability of a hema-
toxylin and eosin (H&E) stained section, and (3) availabil-
ity of immunohistochemical stains for human GH, PRL, 
low molecular weight keratin (CAM5.2), and collagen-
IV or a reticulin special stain. Prolactin and human GH 
staining was scored on a 5-point scale with the following 
cutoffs; 0 = no definitive tumor staining, 1 +  ≤ 10% tumor 
staining, 2 +  = 10–50% tumor staining, 3 +  = 50–90% 
tumor staining, and 4 +  ≥ 90% tumor staining. Cytokeratin 
CAM5.2 was scored as either negative in tumor or positive 
in tumor, and broken down by proportion of cells showing 
cytoplasmic/perinuclear staining versus dense juxtanuclear 
staining of fibrous bodies. When available, somatostatin 
receptor 2A was evaluated for membranous staining using 
a 4-point scale with the following cutoffs; 0 = negative, 
1 +  = weak, partial membranous staining, 2 +  = interme-
diate, incomplete membranous staining, 3 + strong, cir-
cumferential membranous staining. Other staining was 
evaluated when available, including adrenocorticotrophic 
hormone, thyroid stimulating hormone (TSH), estrogen 
receptor, and synaptophysin.

Evaluable tumors that met the minimum inclusion cri-
teria were categorized using the 2017 WHO criteria [4]. 
Briefly, tumors with > 70% of cells showing fibrous bodies 
were categorized as SGA, with no further stratification 
by PRL expression. Tumors with cytoplasmic/perinuclear 
cytokeratin staining and only occasional fibrous bodies 
(up to 30% of cells) were categorized as DGA, and then 
sub-stratified by PRL staining. Tumors containing 30–70% 
of cells with fibrous bodies were categorized as interme-
diate-type somatotroph adenomas and then sub-stratified 
by PRL staining. For sub-stratification by PRL, tumors 
were categorized as negative (score 0) or with focal PRL 
positivity (1 +, up to 10% of tumor cells positive). Densely 
granulated or intermediate-type tumors with greater than 
10% PRL positivity were categorized as BA and this 
group included MS and mixed GH- and PRL. Definitive 
distinction between a MS and a mixed GH- and PRL can 
only be made by electron microscopy (EM), and further 
sub-stratification of this group of tumors by histology is 
highly subjective. Recognizing this subjectivity, tumors 
were categorized as likely MS when the GH and PRL 
scores could only be explained by a significant proportion 
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of adenoma cells expressing both hormones. For exam-
ple, > 50% of cells staining for both GH and PRL (i.e. at 
least 3 + for both markers), or when a tumor was diffusely 
positive for GH (4 + staining) and also shows significant 
PRL staining (i.e. > 2 +). Other cases were categorized as 
likely mixed GH-PRL adenomas when two distinct cell 
populations were observed, showing a reciprocal staining 
pattern on GH and PRL immunohistochemistry suggestive 
of two distinct adenoma cell subpopulations. It was rare 
for cases not to fall into one of these categories; e.g. 1 
plurihormonal adenoma (positive for GH, PRL, and TSH), 
1 possible Pit-1 positive plurihormonal adenoma (a diag-
nosis that was not codified at the time of original patho-
logic diagnosis), 1 possible acidophil stem cell adenoma, 
and 1 prolactinoma where GH-expressing regions could 
be attributed to entrapped anterior pituitary tissue in the 
evaluated sampling.

For the purposes of final analysis only BA (MS and mixed 
GH-PRL), DGA, and SGA, were included. Three intermedi-
ate-type adenomas, 4 adenomas with negative CAM 5.2, 3 
with no CAM 5.2 stain available, 1 acidophil stem adenoma, 
2 plurihormonal adenomas, and 1 collision meningioma-GH 
adenoma were also excluded.

Since precise distinction between MS and mixed cell 
GH-PRL adenomas is only possible with EM and practi-
cally not possible in the majority of centers, we combined 
all dual-expressing adenomas into one group; BA. However, 
we also undertook a separate analysis comparing MS and 
mixed GH-PRL adenomas.

Imaging

Pre-operative MRI was utilized for evaluation of pituitary 
adenoma imaging characteristics. While all patients under-
went surgery at OHSU, pre-operative MRIs were performed 
at different outside hospitals. Dedicated pituitary MRI and 
subsequent reports were utilized to evaluate tumor size, pres-
ence of invasion into surrounding structures, and T2 signal 
intensity. The maximum diameter of the tumor as noted 
in the MRI report was utilized. The presence of invasion 
was determined if tumor invaded the cavernous sinus or/
and sphenoid sinus in the report. In unclear cases, tumor 
diameter and invasion were confirmed with re-review by a 
board-certified neuroradiologist. A cystic or necrotic com-
ponent of pituitary adenomas was assessed by a neuroendo-
crinologist familiar with reading pituitary MRIs and con-
firmed with a neuroradiologist. A cystic/necrotic component 
was defined as an area of marked T2 hyperintensity (similar 
to T2 intensity of cerebrospinal fluid) within the pituitary 
adenoma [17], and the adenomas were grouped by the pres-
ence of absence of the cystic component. One patient had a 
6 mm focus of persistent increased signal on T1 and slightly 
hypointense T2, which was felt to represent proteinaceous 

fluid within a cyst by the neuroradiologist and therefore was 
grouped with tumors containing a cystic component. The 
maximum cyst diameter, the number of cysts (single or mul-
tiple), location, and the percent of the tumor occupied by the 
cyst(s) were recorded (> 50% or ≤ 50%).

Two neuroradiologists blinded to clinical data utilized 
T2 sequences to measure signal intensity. In 2 patients, T2 
weight imaging was not available, and coronal fluid-atten-
uated inversion recovery (FLAIR) imaging was utilized as 
it had similar brain signal characteristics. Three circular 
regions of interest were placed on the same slice, including 
over the solid portion of the adenoma, the adjacent mesial 
temporal grey matter, and the adjacent mesial temporal white 
matter. The T2 signal intensity value obtained from the solid 
portion of the adenoma was compared to values for grey and 
white matter of the temporal lobe [11, 12]. The tumor was 
then assigned a classification of hypo-, iso-, or hyperintense; 
hypointense if the intensity of the adenoma was less than 
both the white and gray matter, isointense if the value was 
between white and gray matter, and hyperintense if the value 
was greater than that of white and gray matter.

Biochemical assessment

Insulin-like growth factor-1 and random GH measurements 
were performed using chemiluminescent immunoassays 
on an Immulite 2000 analyzer as previously described [5]. 
The performing laboratory changed in 2016, and the IGF-1 
chemiluminescent immunoassay was performed on Diasorin 
Liaison XL. To account for this change as well as for the age- 
and sex-related differences, IGF-1 values were expressed as 
IGF-1 index (IGF-1/upper limit of normal for each patient). 
Nine patients had IGF-1 performed by a different assay 
(radioimmunoassay or other) and were not included in the 
calculation of the baseline mean IGF-1 index.

Prolactin levels were tested using electrochemilumines-
cence immunoassay on a Roche Cobas analyzer before 2017 
and chemiluminescent immunoassay on a Siemens Centaur 
XP after 2017.

Treatment outcomes

Surgical remission was defined as IGF-1 within normal 
range for age and sex by 3 months after surgery and a ran-
dom or nadir GH on oral glucose tolerance test < 1.0 ng/dl 
[1, 2].

Treatment with first generation SRLs (octreotide or 
lanreotide) was initiated in patients with elevated IGF-1 
(adjusted for sex and age) by 6 months postoperatively and 
non-suppressed GH to glucose load [1]. The dose of SRL 
was adjusted as needed to target IGF-1 normalization. Com-
plete SRL response was defined as normalization of IGF-1 
within 12 months of therapy. Average IGF-1 reduction was 
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calculated as the difference between absolute IGF-1 before 
SRL therapy and average IGF-1 during first 12 months of 
therapy with SRL divided by the pre-SRL IGF-1 value.

Recurrence was defined as an elevated IGF-1 and non-
suppressible GH with or without evidence of tumor enlarge-
ment after achieving biochemical remission with surgery in 
patients followed for at least 12 months.

Statistical analysis

Statistical analysis was performed using SPSS25. Analysis 
of variance (ANOVA) with Bonferroni post hoc analysis 
was performed for comparison of independent continuous 
parametric variables (age, maximum tumor diameter, and 
IGF-1 index). Kruskal–Wallis test with pairwise comparison 
was used for nonparametric continuous variables (baseline 
GH, and PRL), ordinal variables (GH staining intensity 
and SSTR2 staining intensity) and when the sample size 
was ≤ 10 (maximum % IGF-1 reduction). Student t-test was 
used for parametric variables and Mann–Whitney test was 
used for nonparametric and variables with sample size ≤ 10 

for comparison between two groups where applicable. Cross 
tabulation (Pearson chi-square and Fisher’s exact test) was 
used to evaluate categorical variables. Descriptive statis-
tics were used were applicable. For comparing categorical 
data in 2 × 3 contingency tables with observed values < 5, 
a Fisher–Freeman–Halton test was performed using Statx-
act (Cytel Inc.). Post hoc analysis for categorical data was 
achieved by assessing 2 × 2 contingency tables. Statistical 
values of < 0.05 were considered significant. An adjusted p 
value of 0.0042 was considered significant in the post hoc 
multi-group comparison of T2 intensity versus granulation 
pattern.

Results

Demographic characteristics

Seventy-seven patients were included; 19 BA (9 MS and 10 
mixed GH-PRL), 30 DGA, and 28 SGA (Table 1). Patients 
were followed via multimodal treatment for a median of 

Table 1   Clinical, pathological, imaging characteristics and treatment outcomes of bihormonal adenomas (BA), densely granulated (DGA), and 
sparsely granulated growth hormone adenomas (SGA)

Bold values are statistically significant (p < 0.05)

Variable BA
n = 19

DGA
n = 30

SGA
n = 28

p value 
across 
groups

p value between groups

BA vs DGA BA vs SGA DGA vs SGA

Age, years (mean; SD) 49.6; 14.2 48.7; 14.8 38.5; 14.5 0.012 1.000 0.035 0.028
Sex, females (n/n; %) 14/19; 73.6 14/30; 46.6 21/28; 75.0 0.047 0.063 1.00 0.028
Maximum tumor diameter, mm 

(mean; SD)
15.2; 7.8 18.2; 10.4 21.5; 10.9 0.107 – – –

Invasion (n/n; %) 3/19; 15.8 9/30; 30.0 16/28; 57.1 0.01 0.323 0.005 0.037
Cystic/necrotic component (n/n; 

%)
10/19; 52.6 6/27; 22.0 4/28; 14.3 0.011 0.033 0.005 0.503

Baseline IGF-1 index (mean; 
SD)

3.3; 1.0 3.2; 1.3 2.3; 1.1 0.015 1.00 0.040 0.037

Baseline GH, ng/mL, median 
(range)

13.5 (1.2–281.0) 6.5 (0.7–129.0) 6.0 (0.5–100.0) 0.454 – – –

Baseline PRL level, ng/mL, 
median (range)

16.0 (7.0–148.0) 9.0 (3.0–34.1) 11.0 (4.0–79.0) 0.029 0.028 0.885 0.265

Frequency of elevated PRL (n/n; 
%)

8/19; 42.1 5/27; 18.5 9/27; 33.3 0.297 – – –

Surgical remission (n/n; %) 7/18; 38.9 10/25; 40 13/26; 50 0.695 – – –
Response to first generation 

SRLs (n/n; %)
4/6; 66.7 10/11; 90.9 3/8; 37.5 0.053 0.515 0.529 0.041

Average IGF-1 reduction (%), 
median (range)

45.1 (5–59) 58.0 (23–77) 16.5 (neg 66–46) 0.005 0.273 0.505 0.004

Recurrence (n/n; %) 1/7; 14.3 0/7; 0 2/9; 22.2 0.332 – – –
GH staining intensity, median 

(range)
3 + (2–4) 4 + (2–4) 3.5 + (1–4) 0.016 0.015 0.628 0.082

Presence of SSTR2 (n/n; %) 17/19; 89.5 26/27; 96 19/23; 82.6 0.066 – – –
SSTR2 intensity, median (range) 3 + (0–3) 3 + (0–3) 2 + (0–3) 0.001 0.937 0.064 0.01
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37.4 months (range 0–192 months). Patients in the BA 
group were significantly older on average than SGA (mean 
age 49.6 vs 38.5 years, p = 0.035) and tended to have more 
females than DGA (73.6% vs 43.6%, p = 0.063).

Tumor characteristics

Bihormonal adenomas did not differ in tumor diameter 
from DGA or SGA and were less frequently invasive than 
SGA (15.8% vs 57.1%, p = 0.005). Bihormonal adenomas 
more frequently showed cystic change on MRI compared 
with SGA and DGA (52.6% vs 14.3% and 22.0%, p = 0.005 
and 0.033, respectively). The size of the cystic component 
varied from < 3 mm (microcysts) to 15.5 mm in the largest 
diameter; the majority of the cysts were 3–7 mm in diameter. 
Cysts > 10 mm were observed in 4/10 BA, 2/6 DGA and 0/4 
SGA. The number of cysts per tumor varied from single to 
multiple, and co-occurrence of large (> 10 mm) and multiple 
smaller cysts were seen in the same tumor in 3/10 BA, 2/10 
DGA and 0/4 SGA. Single cystic change was observed in 

2/10 BA, 2/6 DGA, and 1/4 SGA. Only 5 tumors had cysts 
that occupied > 50% of the tumor, including 1 DGA, 1 SGA 
and 3 BA. Location of the cysts in the tumor was variable 
without a tendency to occupy a specific part of the tumor. 
Magnetic resonance images of all cystic pituitary adenomas 
are shown in Fig. 1.

Analysis of MRI T2 intensity showed that approximately 
half of BA were isointense, majority of SGA were hyper-
intense, and DGA had a more variable T2 signal (Table 2). 
Post hoc analysis revealed that only SGA were associated 
with T2 hyperintensity (p < 0.001).

Clinical characteristics and treatment outcomes

Bihormonal adenomas had higher baseline IGF-1 index 
compared to SGA (3.3 vs 2.3, p = 0.040). However, there 
was no significant difference in random GH levels.

There was no difference in the surgical remission rates 
across the groups (38.9%, 40.0%, and 50.0%, p = 0.695 in 
BA, DGA and SGA, respectively).

Fig. 1   T2-weighted (or FLAIR) MRI of all GH pituitary adenomas with a cystic change (20 cases)
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Twenty-five patients started first generation SRL treat-
ment postoperatively (6 BA, 11 DGA, and 8 SGA). Response 
rate was 66.7%, 90.9% and 37.5% in BA, DGA and SGA 
patients, respectively (p = 0.053), with DGA having signifi-
cantly better responses than SGA (p = 0.041, Table 1). The 
median IGF-1 reduction in the BA group was 45.1%, which 
was not statistically different from DGA or SGA.

There was no difference in the recurrence rate across the 
groups (Table 1). Median time to recurrence was 48.4 (range 
28.2–64.9) months. Other characteristics of the groups are 
also displayed in Table 1.

An analysis comparing MS and mixed GH-PRL adenoma 
revealed no significant difference in any parameters reviewed 
(Supplemental Table 1).

Cystic versus non‑cystic tumors

Data from this cohort indicated a higher frequency of cystic 
radiologic features in BA. Histology of the BA cases was 
reviewed to evaluate for a histological correlate to cysts 
on radiology. Of the BA with a cystic change on MRI, 4 
showed microscopic adenoma-associated cystic spaces con-
taining acellular eosinophilic to slightly basophilic mate-
rial, and 5 did not have this feature (Fig. 2). One BA with 
multiple microcysts and a larger cystic change on MRI had 
prominent papillary architecture, a histologic feature that 
has been described in association with radiographic cysts in 

corticotroph adenoma [18] and papillary architecture was 
not observed in 3 other patients with multimicrocystic radio-
logic features. Of the BA without cystic change on the MRI, 
3 showed microscopic cystic spaces, and 4 did not have this 
feature. Two BA cases were not available for review, or did 
not have adequate tissue for detailed histological analysis.

When all tumors (BA, DGA, and SGA) were grouped by 
the presence of cystic component irrespective of their histo-
logic category, cystic tumors were found to have higher GH 
levels than non-cystic tumors (24.7 vs 5.8 ng/mL, p = 0.014), 
whereas IGF-1 levels were similar. Surgical remission was 
more common in the non-cystic tumors (50%) than in cystic 
tumors (22.5%, p = 0.042, Table 3).

Discussion

We retrospectively examined a large, single center cohort 
of acromegaly patients, naïve to treatment at presentation 
to our Center. We focused on clinical features, imaging 
characteristics and treatment outcome of BA compared to 
DGA and SGA. In this analysis, the BA group included 
combined results for both MS and mixed GH-PRL adeno-
mas because precise distinction between the 2 subtypes 
of BA requires EM or supplementation by double-label 
pathology staining and currently is not recommended by 
WHO [4, 7, 19]. We observed that BA resembled DGA 

Table 2   T2 magnetic resonance 
imaging signal intensity 
of growth hormone (GH) 
adenomas

a p = 0.003, Fisher’s exact test
b p = 0.836, Fisher’s exact test
* p = 0.000145

GH adenoma type T2 signal intensity Total (n)

Hypointense Isointense Hyperintense

BA (n) 3 10 6 19
DGA (n) 7 11 7 25
SGA (n)a 2 4 20* 26
Mammosomatotroph (n) 2 4 3 9
Mixed GH and prolactin (n)b 1 6 3 10

Fig. 2   Left BA with a large 
cyst on MRI (inset) with 
microscopic cystic spaces 
containing acellular material 
(hematoxylin and eosin, scale 
bar = 100 microns). Right BA 
with multiple < 3 mm cysts 
[multimicrocystic pattern] and 
a large central region of cystic 
change (inset) with papillary 
architecture on hematoxylin and 
eosin staining (scale bar = 200 
microns)
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in many parameters. Similar to DGA, BA presented at 
older age, were less invasive, tended to be smaller and 
had higher IGF-1 index than SGAs.

A novel finding in this series is that a cystic component 
on radiology was more common in BA compared with 
SGAs and DGA. To our knowledge, a cystic component 
has not been examined previously in relation to different 
histologic types of GH adenomas. This finding has poten-
tial implications for patient treatment and monitoring. In 
general, GH adenomas less commonly contain a cystic 
change compared to prolactinomas and non-functioning 
pituitary adenomas (NFPA) [20]. However, the mechanism 
of cyst formation is not entirely clear and our study did not 
identify a clear histological correlate to macroscopic cyst 
formation in this adenoma subtype.

Cystic change is thought to occur in response to 
ischemia, necrosis, or hemorrhage within the pituitary 
adenoma [21]. Larger and fast-growing tumors, have more 
tendency to develop ischemia and necrosis [22]. Uneven 
blood supply in different parts of pituitary adenoma, par-
ticularly in the upper region of the adenoma could predis-
pose to infarction and cyst formation more commonly in 
that region [21]. In our cohort, BAs tended to be smaller 
and were less invasive than DGA or SGA, yet more were 
cystic compared to larger and more aggressive SGAs. The 
cysts were located in various parts of the tumor and did not 
have a tendency to be in the specific region of the tumor. 
Significant necrosis, hemorrhage, or ischemic changes 
were not observed on histologic examination, suggesting 

that a mechanism other than ischemia/hemorrhage might 
be responsible for cystic change in the BAs.

Another mechanism of cyst formation proposed by Hor-
vath and Kovach, is a “misplaced exocytosis” [23]. The pos-
tulate is that tumor cells extrude their hormone containing 
granules in the interstellar space away from capillaries of the 
pituitary plexus. This may occur due to inadequate amount 
of blood vessels per number of tumor cells or due to abnor-
mal tumor cell function. Accumulation of these granules is 
thought to result in formation of the cysts. Ram et al. aspi-
rated fluid from pituitary cysts intraoperatively and exam-
ined the fluid for hormone content [24]. They found high 
concentrations of hormones in the cyst fluid, often with con-
comitant elevation of other pituitary hormones suggesting 
mixed secretory pattern in these tumors. Based on this find-
ing, we hypothesized that BA have higher propensity to form 
cysts by misplaced exocytosis due to their greater secretory 
potential in the setting of dual hormone expression. When 
we examined BA histologically, we did not identify a clear 
histological correlate separating BA with and without radio-
graphic cysts. Future, more detailed histological studies on a 
larger cohort of BA cases could resolve this issue.

Pseudopapillary dehiscences have been observed on 
histological examination of corticotroph adenomas (mostly 
silent type) that had a multimicrocystic pattern on T2 MRI 
[18, 25]. It was proposed that fluid causes easy dissocia-
tion of the smooth and fragile parts of the tumor. In our 
cohort, a multimicrocyctic radiologic pattern was observed 
in only 4 tumors in total, and only one such tumor (BA) 

Table 3   Clinical, pathological, 
imaging characteristics, and 
treatment outcomes of cystic 
and non-cystic growth hormone 
(GH) pituitary adenomas

Bold values are statistically significant (p < 0.05)

Variable Magnetic resonance image appearance p value

Cystic (n = 20) Non-cystic (n = 53)

Histologic type BA (n = 10)
DGA (n = 6)
SGA (n = 4)

BA (n = 9)
DGA (n = 21)
SGA (n = 23)

–

Age, years (mean; SD) 43.6; 12.6 46.0; 16.0 0.551
Sex, female (n; %) 13; 65 35; 66 0.934
Max tumor diameter (mm), Median (range) 19 (6–35) 15 (3–46) 0.432
Invasion, female (n/n; %) 7/20; 35 18/53; 34 0.934
Baseline IGF–1 index, median (range) 2.89 (1.08–4.45) 2.68 (0.64–6.18) 0.639
Baseline GH level, ng/mL, median (range) 24.7 (1.2–281.0) 5.8 (0.5–129.0) 0.014
Baseline PRL level, ng/mL, median (range) 15.9 (3–148) 9 (3.79) 0.028
Surgical remission (n/n; %) 4/18; 22.5 24/48; 50.0 0.042
Response to first generation, SRLs (n/n; %) 6/8; 75 11/17; 64.7 1.0
Average IGF-1 reduction (%), median (range) 47.4 (5–56) 47.9 (neg 66–77) 0.641
Recurrence (n/n, %) 0/3; 0 3/18; 16.7 1.0
GH intensity, median (range) 3 + (2–4) 4 + (1–4) 0.603
Presence of SSTR2 (n/n; %) 16/19; 84.2 44/49; 89.8 0.677
SSTR2A intensity, median (range) 3 + (0–3) 2 + (0–3) 0.077
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had a characteristic papillary architecture. This suggests 
that the association between papillary architecture and 
multimicrocystic radiology identified in corticotroph ade-
nomas may not necessarily hold for GH adenomas.

Other causes of cyst formation are radiation therapy, 
long-term bromocriptine therapy, trauma, and steroid 
administration [26], pregnancy, and anticoagulant ther-
apy, however no patients in our series had such history 
documented.

The clinical or prognostic significance of a cystic compo-
nent in pituitary adenomas is uncertain, and it is unclear if 
such associations will be applicable to all adenomas or only 
to specific subtypes. Cystic prolactinomas were previously 
assumed resistant to DA therapy and were primarily treated 
surgically; however, it has been shown in some studies that 
treatment is effective with DAs [27]. Less cystic silent cor-
ticotroph adenomas are more likely to recur after surgery 
suggesting that solid corticotroph tumors are more aggres-
sive than cystic tumors [28, 29]. Here, we found that BA 
were more cystic and exhibited less aggressive radiographic 
characteristics (i.e. tended to be smaller and were less inva-
sive) compared with SGA, which were less frequently cystic. 
However, interestingly, when we compared all cystic tumors, 
irrespective of their histologic type, to non-cystic tumors, 
cystic tumors had higher preoperative GH levels and lower 
surgical remission rate, possibly suggesting a higher hor-
mone secreting potential.

Examination of tumor MRI T2 intensity revealed that 
although the majority of BAs were isointense, this was not 
statistically significant and there was no association between 
the type of BA and MRI T2 intensity. It appears that sparse 
granulation is the major factor determining MRI T2 inten-
sity, however, other factors such as collagen content, fibrosis 
and amyloid deposition may also play a role (not examined 
here) [11].

Biochemical response of BA to the first generation SRLs 
in comparison to DGA and SGA has not been assessed by 
others, to our knowledge. In our previous study, both BA and 
SGA seemed to have a poorer response to SRLs however; 
the sample size was too small to detect the difference [5]. 
In the current study with a larger sample size, we found that 
response of the BA group was similar to SGA and DGA 
despite numerical difference. We believe that this could be 
due to insufficient sample size and needs further study.

Acknowledging the limitations of a small sample size 
and lack of EM, we noted no significant difference between 
MS and mixed GH-PRL tumor characteristics. In previous 
reports, MS were described as similar to DGA in behavior 
while mixed GH-PRL adenomas were described as more 
invasive and resembling more aggressive prolactinomas 
[19, 30]. This description was based, however on authors’ 
personal experience and reports with a limited number of 
patients with MS and mixed GH-PRL tumors [14, 19, 30].

A strength of our retrospective review is that all patients 
were treatment naïve prior to surgery, thus eliminating a 
possible confounding effect of SRLs or DAs on granulation 
[31] or PRL cell staining pattern. All patients were followed 
in a tertiary Pituitary Center using a uniform protocol. Fur-
thermore, all cases were re-reviewed by a neuropathologist 
and classified according to current WHO criteria [4] using 
uniform scoring criteria.

This study has limitations inherent to retrospective anal-
ysis; incomplete data sets and shorter follow-up for some 
patients returning to a local endocrinologist postopera-
tively. However, median follow up was 37.4 months (range 
0–192 months) for this single center study. Changes in the 
laboratory utilized over time is also a limitation, but the 
IGF-1 and GH assay type remained the same. The lack of 
reproducible, uniform histological criteria for BA categori-
zation presents a challenge that could be addressed by future 
studies.

Conclusion

In this retrospective single center data review, we describe 
for the first time that BA more often contain a cystic compo-
nent despite tending to be smaller in size and less invasive. 
We confirmed that BA have many characteristics similar to 
DGA such as older age, less tumor invasiveness and higher 
baseline IGF-1 index, compared to SGA. Cystic tumors in 
patients with acromegaly, had lower rates of biochemical 
remission after surgery, regardless of histological subtype. 
Awareness of this association could help optimize indi-
vidualized treatment; some patients could be candidates for 
primary medical treatment if lack of surgical remission is 
anticipated. Lastly, BA, while not a definite prognosticator 
for SRL therapy response, may be considered as potentially 
requiring therapy optimization earlier in disease course 
(either by escalation of SRL doses or additional combina-
tion therapy).
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