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Abstract
Background and aim. Identifying the predictive factors of tumoral and hormonal 
answer of somatotropinomas to the medical treatment with somatostatin analogs 
represent an important element for treatment management. The aim of this study 
was to assess the therapeutic answer of the somatotropinomas according to the T2-
weighted signal intensity on the MRI.
Methods. We included 31 acromegalic patients, mean age 51.35 ± 10.37 years, who 
underwent surgery. The patients were divided according to the T2-weighted MRI 
signal intensity -  hypointense, hyperintense and isointense - of the GH-secreting 
pituitary adenoma and were evaluated after surgery, 3, 6 and 12 months with 
somatostatin analogs therapy.
Results. 16 (51.61%) somatropinomas were hypointense, 9 (29.03%) were 
hyperintense and 6 (19.35%) were isointense. The median IGF-1 and GH level 
decreased significantly in macroadenomas (p<0.001, p<0.001, respectively), whereas 
GH decreased significantly only in microadenomas (p=0.010). A significant statistical 
correlation was found between IGF-1 or GH levels and tumor volume before surgery 
(Spearman=0.38, p<0.001; Spearman=0.64, p<0.001, respectively) and after surgery 
(Spearman=0.61, p=0.001; Spearman=0.74, p<0.001). The percentage of optimally 
controlled patients increased from 12.9% after surgery, to 28.57% after 12 months 
with somatostatin analogs. The highest percentage of optimally controlled patients 
with somatostatin analogs treatment was in hypointense somatotropinomas (50%).
Conclusion. The T2-weighted MRI signal intensity classifies the somatotropinomas 
into groups with certain evolutive and medical treatment response particularities, of 
which we found that the hypointense somatotropinomas have a better therapeutic 
response after surgery and after long-term treatment with somatostatin analogs.
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Introduction
Acromegaly is a rare disfiguring 

condition of underlying excessive, 
persistent and autonomous production of 
GH (growth hormone), and consequently 
of IGF-1 (insulin-like growth factor-1), 
secreted in most cases (98%) by a 
pituitary adenoma (somatotropinoma) 
that usually appears as a macroadenoma 
(> 10 mm) on the MRI (magnetic 
resonance imaging) [1-3]. 

Somatotropinomas assessment at 
diagnosis is based on clinical, hormonal 

and imaging features, thereby high-
resolution MRI and the OST (acute 
octreotide suppression test) represent good 
candidates to characterize and to predict 
the aggressiveness of this type of adenoma 
[2,4]. Nevertheless, the OST’s merits 
remain uncertain [5]. Therefore, the MRI 
may become the standardized, noninvasive 
technique to be used at diagnosis in order 
to predict the tumor response to treatment. 
The signal intensity of T2-weighted MRI 
varies on somatotropinomas, being either 
hypo-, hyper- or isointense, whereas on 
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other types of pituitary adenomas the signal intensity is 
usually hyperintense (T2-weighted MRI without contrast) 
[6]. This aspect is very important for further analysis of 
treatment choice. 

It is widely accepted that transsphenoidal surgery 
represents the gold standard for treating acromegaly, being 
able to reduce the GH secretion by removing the tumor [7,8]; 
however, the mainstay of medical treatment is represented by 
SSA (somatostatin analogs), octreotide and lanreotide, which 
are used as primary, adjuvant or preoperative treatment [3,4]. 
The availability of SSA has improved the effectiveness of 
medical treatment and helped to acquire a better prognosis in 
patients with acromegaly [9], the SSA having antisecretory 
and antiproliferative effects on GH [10]. 

Various studies demonstrated that the pre-operative 
treatment with octreotide and lanreotide improved short-
term surgical benefit on macroadenomas [11,12], their 
efficacy remaining unproven long-term [13]. Other studies 
pointed out that the T2-weighted signal intensity correlated 
with the response to SSA treatment and with the histological 
subtype [14] – most somatotropinomas being hypointense, 
due to densely granulated pattern, had a better long-term 
response to SSA, in comparison with those with sparsely 
granulated adenomas who had a weak response [6,11,15]. 
Even though most of the patients are effectively treated with 
SSA, one third of them may develop drug resistance, which 
is due to a reduction in SSR (somatostatin receptor) density 
or the differentiated expression of the receptors [16]. Thus, 
it is important to identify the patients resistant to drug 
therapy in order to initiate therapeutic alternatives and to 
improve the prediction to medication response, which can 
modify the stratification of therapeutic management [14].

Given the facts, the aim of this study was to investigate 
the therapeutic response of somatotropinomas after surgery 
and after long-term treatment with SSA (1 year) taking 
into consideration the T2-weighted signal intensity and to 
correlate it with the clinical and hormonal variables.

Methods
Study design and setting
Acromegaly patients, who were admitted to the 

Department of Endocrinology, at the Clinical Emergency 
County Hospital in Cluj-Napoca, Romania, between 2008 
and 2015, were screened for inclusion in this observational, 
analytic, retrospective, cohort-type study. 

Participants
Eighty-four patients with active or controlled 

acromegaly were included in the study. Of patients with 
hormonal deficits on other lines, only patients with properly 
substituted medication were selected. After excluding 
53 patients (4 patients who underwent CT (computed 
tomography) scan for the diagnosis of the pituitary adenoma, 
25 patients who did not have the initial MRI available 
for evaluation, 15 patients who did not undergo surgery, 
3 patients who had mixed pituitary adenoma – secreting 
both GH and prolactin – and 6 patients whose diagnosis 

was not confirmed), 31 patients were included in the final 
study, with a mean age at diagnosis of 51.35 ± 10.37 years 
(age range, 27-73 years), of which 19 women (61.29%) and 
12 men (38.71%). Data when given dopaminergic agonist 
treatment or GH antagonists and data after radiotherapy 
were excluded. 

The clinical and biochemical data of the patients were 
obtained from the Department of Endocrinology database 
and patients’ observational charts and the imagistic data 
were obtained from the Department of Radiology database. 

The study protocol was designed in accordance 
with the ethical guidelines of the 1975 Declaration of 
Human Rights in Helsinki and was approved by the “Iuliu 
Haţieganu” University of Medicine and Pharmacy Ethics 
Committee.

Clinical and demographic evaluation
In all cases, the positive diagnosis of acromegaly 

was based on signs and symptoms of disease activity 
(ends undergoing expansion, arthralgia, asthenia, signs of 
pituitary tumor expansion: neuro-ophthalmic syndrome, 
headache, signs of pituitary insufficiency), on the 
biochemical demonstration of a non-suppressible GH on an 
OGTT (oral glucose tolerance test), concerning nadir GH 
> 1 ng/ml in non-diabetic patients or mean GH/24 hours 
> 2.5 ng/ml in diabetic patients, and an IGF-1 level above 
the age/sex-matched normal. There also have been cases of 
acromegaly with normal levels of IGF-1 and high levels of 
GH. The imaging diagnosis was based on the presence of a 
pituitary adenoma on the MRI. 

The following demographic data were recorded: sex, 
age, age at diagnosis, disease status and type of treatment 
(surgery, medical treatment with SSA – Sandostatin 
LAR (octreotide long acting release) or Somatuline PR 
(lanreotide prolonged-release).

Imaging evaluation
All subjects underwent MRI scans, on the same 

device, in a 1.5-T scanner (SIGNA Explorer MRI system 
– General Electric Medical Systems, United States). The 
examination before and after surgery was performed on 
the same device. The protocol included axial, sagittal, 
coronal T1 and T2 WI, and a gadolinium-enhanced T1-
sagittal and coronal sequences. The slice thickness was 
of 2 mm, with 0.3 spacing. Post-surgical MRI follow-up 
was performed using sagittal and coronal T1 and T2, and 
gadolinium-enhanced T1-sagittal and coronal sequences. 
The slice thickness was of 2 mm, with 0.3 spacing. In both 
cases, the MR examination FOV was focused only on the 
pituitary gland. The patients were investigated at diagnosis 
(31 patients), at 3 months (29 patients) and 12 months after 
neurosurgery (11 patients). The somatotropinomas were 
morphologically classified according to the T2-weighted 
signal as hypointense, hyperintense, or isointense by visual 
comparison with the normal pituitary tissue, or with the 
grey matter of the temporal lobe, when the pituitary tissue 
was not visible (Figure 1). 
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Tumor volume was calculated using the formula 
0.5 x width x height x length [17]. Moreover, the 
tumors were classified in terms of invasion, according 
to Hardy’s modified criteria, being graded from 1 to 4: 
grade 1 = microadenomas (<10 mm diameter), grade 2 
= macroadenomas (>10 mm diameter, with or without 
suprasellar extension), grade 3 = locally invasive tumors, 
with obvious bone destruction and the presence of the 
tumor in the sphenoid sinus and/or the cavernous sinuses, 
grade 4 = tumors that extend cerebrally or extracranially, 
with or without metastases [18]. The lack of tumor relic 
was graded with 0. 

Hormonal assays
8 a.m. serum IGF-1 (ng/ml) level was measured 

by a chemo-luminescent immunometric assay, using 
an IMMULITE 1000 Analyzer (Siemens, Erlangen, 
Germany) (intraassay CV (coefficient of variation), 
3.1-4.3%; interassay CV, 5.8-8.4%; calibration range, 
up to 1600 ng/ml; analytical sensitivity, 20 ng/ml). The 
different age/sex-matched normal ranges were excluded 
by expressing IGF-1 level as a percentage of the ULN 
(upper limit of the normal range) [2]. Serum GH level 
was measured by Diametra HGH ELISA kit (Segrate, 
Italy) (intraassay CV, 3.1-5.5%; interassay CV, 4.5-7%; 
analytical sensitivity, up to 0.105 μIU/ml), using a STAT 
FAX 3200 Analyzer. Basal values of GH were used, in 
order to overcome GH changing methodology for diabetic 
or non-diabetic patients.

Statistical evaluation
The statistical analysis was performed using 

R version 3.2.3 (2015-12-10). Normal distribution of 
continuous numeric variables was  assessed with Shapiro-
Wilk test and quantile-quantile plots. Quantitative variables 
were expressed as mean ± SD (standard deviation), if 
normally distributed, and as median (25th-75th percentile), 
if not. Categorical variables were expressed as percentage 

and counts. Chi-square and Fisher exact tests were used 
in order to analyze the differences between independent 
groups of categorical variables. Comparisons between 
groups of quantitative variables were performed using 
Student t test for independent variables (when comparing 
two groups of normally distributed variables) and using 
ANOVA test (when comparing three or more groups of 
normally distributed variables). In case of abnormally 
distributed variables, the Mann-Whitney U test was used 
(in order to compare two variables) and the Kruskal-Wallis 
test (to compare three or more variables). The relationship 
between quantitative variables was characterized using 
Spearman correlation coefficient. Repeated measures 
quantitative variables were compared with the Wilcoxon 
signed ranks test (for two measurements) and Friedman 
test (for more than two measurements). Linear mixed 
models with Laplace approximation were used to 
compare independent groups regarding repeated measures 
quantitative variables. A value of p<0.05 was considered 
to have statistical significance and for all tests the two-
tailed p-value was used.

Results
Patient characteristics
There was a 41.94% increase in the number 

of patients diagnosed between 2012 and 2015 (n=22) 
compared to those diagnosed between 2008 and 2011 
(n=9), p = 0.020. There were statistically significant 
differences between men and women according to the age 
at diagnosis (p=0.027), men having an earlier diagnosis. 
However, there were no statistically significant differences 
regarding the tumor volume at diagnosis (p=0.326), 
and also the median IGF-1 level and median GH basal 
level were similar. When we compared macroadenomas 
with microadenomas we found a statistically significant 
difference regarding GH (p=0.012) (Table I). 

Figure 1. Classification of somatotropinomas according to the T2-weighted signal intensity (coronal views).
Panel (1): T2-hyperintense somatotropinoma, panel (2): T2-hypointense somatotropinoma, panel (3): T2-isointense somatotropinoma, as 
compared to normal pituitary tissue (long arrowheads) and the cerebral grey matter of the temporal lobe (short arrowheads). The 
somatotropinomas are indicated by stars (  – black or white for contrast)
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In T2-weighted sequences, the somatotropinomas 
were hypointense in 16 cases (51.61%), but no relationships 
were found between T2-weighted signal and IGF-1, basal 
GH levels or tumor volume (Table I). Concerning the 
surgery type, the transsphenoidal approach was used on 
27 patients (87%), while the transcranial approach was 
used on 3 patients (9.78%), and only 1 patient (3.22%) 
had transsphenoidal, followed by transcranial surgery. 
Of all patients only one patient had total resection of the 
pituitary adenoma, while the rest had partial resection. At 
the 3 months MRI evaluation after surgery, 10 (32.26%), 
had no tumor, while 19 had partial resection (5 (16.13%) 
had hyperintense adenomas, 11 (35.48%) had hypointense 
adenomas, 3 (9.68%) had isointense adenomas), while 2 
did not underwent the investigation. At the 12 months 
MRI evaluation after surgery, 7 (35%), had no tumor, 
while 4 had partial resection (1 (5%) had hyperintense 
adenomas, 2 (10%) had hypointense adenomas, 1 (5%) 
had isointense adenomas), while 9 did not underwent the 
investigation and 11 were excluded due to radiotherapy 
intervention. At the 3 months assessment we found 
10 patients without tumor relic, and 19 patients with 
incomplete surgery: 5 hyperintense, 11 hypointense and 
3 isointense [2.05 (0.04 – 3.6), 0.35 (0.24 – 2.65), 0.294 
(0.16 – 2.04) cm3 – no statistically significant differences 
were found, p=0.884].

Tumor and hormonal characteristics
Considering the hormonal evolution according 

to size, there was a statistically significant decrease of 
both IGF-1 and GH levels in macroadenomas (p<0.001, 
p<0.001, respectively), and only of GH in microadenomas 
(p=0.010). Regarding the hormonal evolution, according 
to T2-weighted MRI, both IGF-1 and GH, decreased 
significantly, in hypointense somatotropinomas 
(p=0.013, p<0.001, respectively), while in hyperintense 
somatotropinomas only IGF-1 levels decreased 
significantly (p=0.011). We did not observe a significant 
decrease of IGF-1, and GH in isointense somatotropinomas 
(Table II). We did not observe a statistically significant 
relationship between the decrease of IGF-1 and the 
treatment with Somatuline PR (p=0.531) in comparison 
with the treatment with Sandostatin LAR (p=0.004), 
whereas the GH decrease was significant for both SSA 
analogs (Table III).

A significant statistic correlation was found 
between IGF-1 or GH levels and tumor volume before 
surgery (Spearman=0.38, p<0.001; Spearman=0.64, 
p<0.001, respectively) and after surgery (Spearman=0.61, 
p=0.001; Spearman=0.74, p<0.001, respectively), but no 
statistically significant relationship was found between 
the hormonal parameters and the tumor volume after 1 
year with SSA treatment.

Table I. Baseline characteristics at diagnosis (31 patients).

Baseline characteristics Women Men p Macro-
adenoma

Micro-
adenoma p Hyper-

intense
Hypo-
intense Iso-intense p

Number (%) 19  (61.29) 12 (38.71) - 22 (70.97) 9 (29.03) - 9 (29.03) 16 (51.61) 6 (19.35) -

Age (years), mean (SD) 54.58 (7.6) 46.25 
(12.36) 0.027 50.73 

(10.77)
52.89 
(9.78) 0.607 50.22 

(15.14) 51 (6.9) 54 (11.19) 0.784

IGF-1 (% ULN), mean (SD) 786.36 (286.62) 971.94 
(398.69) 0.142 929.98 

(331.68)
682.74 

(312.21) 0.066 884.93 
(254.83)

884.38 
(398.95)

748.28 
(311.01) 0.693

Basal GH (ng/ml)* 14.3 
(5.54 - 19.25)

13.55 
(3.55 - 21.4) 0.952 16.6 

(9.61 - 21.23)
5.62 

(3.17 - 6.24) 0.012 6.24 
(5.27 - 12)

15.7 
(8.7 - 23.1)

11.58 
(5.58 - 17.28) 0.405

Type of adenoma:
-Macroadenoma; 
number (%)
-Microadenoma; 
number (%)

13 (68.42)

6 (31.58)

9 (75.00)

3 (25.00)

1 6 (66.67)

3 (33.33)

11 (68.75)

5 (31.25)

5 (83.33)

1 (16.67)

0.769

T2-weighted MRI adenoma 
intensity:
-Hyperintense; number (%)
-Hypointense; number (%)
-Isointense; number (%)

6 (31.58)
8 (42.11)
5 (26.32)

3 (25)
8 (66.67)
1 (8.33)

0.39 6 (27.27)
11 (50)

5 (22.73)

3 (33.33)
5 (55.56)
1 (11.11)

0.769

Tumor volume (cm3)* 0.81 
(0.25 - 3.85)

1.3 
(0.46 - 5.22) 0.326 1.64 

(0.25 - 5.82)
0.69 

(0.31 - 4.48)
1.37 

(0.34 - 2.36) 0.939

Hardy classification:
-1; number (%)
-2; number (%)
-3; number (%)
-4; number (%)

4 (21.1)
7 (36.8)
8 (42.1)
0 (0.0)

2 (16.7)
4 (33.3)
5 (41.7)
1 (8.3)

0.770

0 (0.0)
9 (40.9)
12 (54.5)
1 (4.5)

6 (66.7)
2 (22.2)
1 (11.1)
0 (0.0)

<0.001

2 (22.2)
3 (33.3)
3 (33.3)
1 (11.1)

3 (18.8)
5 (31.2)
8 (50.0)
0 (0.0)

1 (16.7)
3 (50.0)
2 (33.3)
0 (0.0)

0.863

Legend: Results are presented as mean ± SD, if not stated otherwise; *median (interquartile range Q1 – Q3); ULN, upper limit of the normal range. 
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The percentage of optimally controlled patients 
increased from 12.9% after surgery, to 26.66% after 3 
months, to 28.57% after 12 months with somatostatin 
analogs, while the percent of uncontrolled patients 
decreased from 58.07% after surgery, to 53.35% after 
3 months, to 28.58% after 12 months with SSA analogs 
(Figure 2). In terms of T2-weighted MRI intensity the 
highest percentage of optimally controlled patients with 
SSA treatment was in hypointense somatotropinomas 
(50%), followed by hyperintense (42.85%) and isointense 
(7.15%) somatotropinomas (Figure 3).

Optimally controlled acromegaly in terms of drug and 
surgical therapy was defined as: controlled symptomatology, 
nadir GH < 1 ng/ml on OGTT or mean GH/ 24 hours < 
2.5 ng/ml and normal levels of IGF-1 age/sex-matched. In 
cases of discordance between GH and IGF-1, the decision 
concerning acromegaly activity was made according to 
clinical signs. Partially controlled acromegaly was defined 
as: controlled symptomatology, nadir GH >1 ng/ml on OGTT 
or mean GH/24 hours > 2.5 ng/ml, which reduced more than 
50% to the level at diagnosis, and high level of IGF-1, which 
reduced more than 50% to the level at diagnosis. 

Table II. Evolution of IGF-1 and basal GH according to size and T2-weighted intensity on MRI (31 patients).

Parameter Type of adenoma At diagnosis After surgery After 3 months 
with SSA

After 6 months 
with SSA

After 12 months 
with SSA p-value*

IGF-1 
(% ULN)

Macroadenoma 346.9 
(279.82 – 496.53)

220.56 
(160.83 – 340.92)

227.11 
(135.27 – 261.44)

140.33 
(122.67 – 267.05)

106.37 
(73.03 – 123.22) <0.001

Microadenoma 335.74 
(154.66 – 360.91)

156.6 
(99.15 – 270.41)

77 
(47.81 – 192.93)

123.52 
(69.48 – 152.97)

97.16 
(84.41 – 271.82) 0.066

p-value** <0.001

Basal GH 
(ng/ml)

Macroadenoma 16.6 
9.34 – 21.5)

5.17 
(2.06 – 14.2)

4.82 
(3.57 – 9.51)

6.31 
(1.42 – 16.62)

1.46 
(1.31 – 4.75) <0.001

Microadenoma 5.62 
(3.07 – 8.53)

2.51 
(1.48 – 3.86)

0.89 
(0.72 – 3.37)

1.2 
(1.09 – 1.86)

2.02 
(1.89 – 3.33) 0.010

p-value** >0.05 

IGF-1 (% 
ULN) 

Hyperintense 337.82 
(331.2 -369.33)

270.41 
(171 – 297.38)

105.73 
(67.25 – 149.07)

123.52 
(84.74 – 159.91)

101.76 
(87.59 – 119) 0.011

Hypointense 355.28 
(272.08 – 440.87)

184.11 
(137.75 – 371.02)

233.38 
(193.28 – 256.61)

140.33 
(122.67 – 229.18)

148.73 
(75.88 – 257.12) 0.013

Isointense 309.35 
(212.82 – 357.39)

171.55 
(111.47 – 232.35)

137.73 
(92.77 – 297.63)

189.18 
(121.4 – 256.96)

89.3 
(75.65 – 102.95 0.308

p-value** >0.05  

Basal GH 
(ng/ml)

Hyperintense 6.24 
(4.65 – 13.95)

2.85 
(2.27 – 10.51)

0.59 
(0.59 – 2.68)

1.07 
(1.06 – 5.2)

1.58 
(1.53 –  2.98) 0.084

Hypointense 15.7 
(12.35 – 24.7)

4.03 
(0.76 – 11.43)

4.37 
2.85 – 8.74)

2.47 
(0.96 – 13.06)

1.74 
(1.46 – 5.23) <0.001

Isointense 11.58 
(5.45 – 17.3)

3.87 
(2.06 – 4.98)

7.11 
(7.74 – 9)

4.12 
(1.94 – 6.31)

2.9 
(1.42 – 4.38) 0.308

p-value** >0.05  
Legend: Results are presented as median (interquartile range Q1 – Q3); * - within group comparison; ** - between groups for repeated measures 
comparison; ULN, upper limit of the normal range. 

Table III. Evolution of IGF-1 and basal GH accordind to the type of SSA (Sandostatin LAR or Somatuline PR) (31 patients).

Parameter Type of SSA After surgery After 3 months 
with SSA

After 6 months 
with SSA

After 12 months 
with SSA p- value *

IGF-1 
(% ULN)

Sandostatin LAR 260.21
(173.1-352.36)

223.49
(120.09-256.62)

140.33
(84.74-209.36) 106.37(71.47-168.12) 0.004

Somatuline PR 157.86
(151.35-162.56)

121.47
(80.2-157.2)

123.52
(123-159.91) 97.16(90.8-188.54) 0.531

p 0.056 0.233 0.849 0.659

Basal GH 
(ng/ml)

Sandostatin LAR 5.21 
(2.76 - 13.22)

4.82 
(2.55 - 8.35)

2.47 
(1.07 - 14.9) 1.64 (1.22 - 4.48) <0.001

Somatuline PR 2.01 
(0.99 - 2.5)

0.54 
(0.38 - 0.71)

1.06 
(0.2 - 1.2) 1.53 (0.84 - 2.25)  0.038

p 0.027 0.07 0.153 0.555
Legend: Results are presented as median (interquartile range Q1 – Q3); * - within group comparison; ** - between groups comparison; ULN, upper limit 
of the normal range.
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Uncontrolled acromegaly was defined as: specific 
symptomatology for active acromegaly, nadir GH > 1 ng/
ml on OGTT or mean GH/24 hours > 2.5 ng/ml, which 
did not reduce more than 50% to the level at diagnosis, 
and high level of IGF-1, which did not reduce more than 
50% to the level at diagnosis. Regarding the drug control, 
this was established when achieving correspondent values 
at the highest dose of somatostatin analogs (30 mg for 
Sandostatin LAR and 120 mg for Somatuline PR). 

Discussion
This study was carried out in order to address the 

therapeutic response of somatotropinomas after surgery and 
after long-term treatment with somatostatin analogs, in terms 
of T2-weighted MRI features. Given the fact that this topic 

has recently come to researchers’ attention, few studies have 
been published having as main topic the long-term follow-up 
of acromegalic patients after incomplete surgery. 

It is widely accepted that the majority of 
somatotropinomas are macroadenomas (70.97% in our 
study), the percentage of microadenomas (29.03%) being 
similar to the 30%, higher than the 22.5%, and lower 
than the 84% found in other studies [2,19,20]. Moreover, 
we detected a higher secretion of GH in macroadenomas 
compared to microadenomas, most probably due to the 
higher tumor volume in the first case. Furthermore, the 
tumor volume at diagnosis was higher in T2-hyperintense 
somatotropinomas than in T2-hypo- or isointense 
somatotropinomas, this being an indicative of a higher 
proliferative status [2]. 

Figure 2. Type of control after surgery and after treatment with SSA (31 patients).

Figure 3. Percentage of patients who achieved optimally hormonal control according to T2-weighted MRI signal intensity.
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We detected a high prevalence of T2-hypointense 
somatotropinomas, representing 51.61% of the cases, 
similar to the ones reported previously by Potorac et al. 
[2,21] and Antunes et al. [20] and higher than the 27% 
recorded by Heck et al. [11], or the 40% recorded by Puig-
Domingo et al. [16], and lower than 72.7%, reported by 
Tortora et al [22]. The percentage of hyperintense and 
isointense somatotropinomas was relatively equal in our 
series (29.03% versus 19.35%), also similar to the ones 
reported by Potorac et al. [2]. These proportions may be 
due to the way we defined the T2-weighted signal intensity, 
by visually comparing it to the normal pituitary tissue, or 
the temporal grey matter, when no normal pituitary tissue 
was visible. In other studies, T2-hypo- and hyper-intensity 
were also visually defined, but as being lower than that of 
the white matter, or higher than that of the grey matter, 
respectively, while T2-iso-intensity as the range between 
the two signals [11,16,20,23]. In the study of Shen et al. the 
T2-intensity was quantitatively assessed by measuring the 
rSI (relative signal intensity) on T1- and T2-weighted MRI, 
by comparing it to the white matter of the frontal lobe [4]. 
Given the fact that the white matter has similar intensity 
to that of the normal pituitary tissue only on T1-weighted 
sequences, and not on T2-weighted sequences, we believe 
that future studies should take into consideration the 
comparison of pituitary adenomas with the normal pituitary 
tissue, when possible. 

We detected a 41.94% increase in the number 
of patients diagnosed between 2012-2015, compared 
to those diagnosed 4 years earlier, but this was probably 
not due to an increase in the incidence or prevalence of 
acromegaly, the total prevalence ranging between 2.8-13.7 
cases/100,000 people and the annual incidence ranging 
between 0.2-1.1 cases/100,000 people [24], but more 
likely due to improving diagnostic methods and increasing 
patient addressability to the Department of Endocrinology 
in Cluj-Napoca.

Our results also show that the responsiveness to 
SSA treatment can be predicted by the T2-weighted MRI 
signal, the therapeutic response to SSA usually being 
seen in more than 50% of patients [25]. The physiological 
basis of this responsiveness in acromegaly is related to the 
phenotype, distribution and proportion of the somatostatin 
receptors (SSR) of the somatotropinoma, especially of 
SSR2 and SSR5 [16]. Unfortunately, we were not able to 
determine the presence of these receptors, which is why we 
only presume that, in our study, the significant decrease of 
IGF-1 and GH levels in T2-hypointense somatotropinomas 
is due to the presence of a higher proportion of SSR than 
in T2-weighted hyper- or isointense somatotropinomas. 
A significant decrease of IGF-1 was observed only in 
hyperintense somatotropinomas, our results being similar 
to those of Puig-Domingo et al. who obtained 20% control 
of the disease in hyperintese somatotropinomas [16]. 
We also observed that IGF-1 and GH levels significantly 

decreased in both macro- and microadenomas, excepting 
GH level in microadenomas, which had an increase after 
3 months with somatostatin analogs. Probably the small 
number of patients and the exclusion of data when given 
adjuvant treatment did not allow us to obtain significant 
results.

Comparing the results in relation to medical 
treatment, we observed that the efficacy in reducing GH 
secretion was statistically significant for both Sandostatin 
LAR and Somatuline PR, but IGF-1 levels were reduced 
only by Sandostatin LAR. Our results are in agreement 
with Freda et al., who have shown that, in patients who 
were not selected for prior SSA responsiveness, the 
efficacy of Sandostatin LAR was greater than that of 
Somatuline PR [25].

In opposition with the results reported by Baldys-
Waligorska et al. [26], and in accordance with the results 
reported by Krzentowska-Korek et al. [27], we detected 
a positive statistically significant correlation between the 
tumor volume and GH or IGF-1 levels prior to and after 
surgery. Moreover, the high level of GH before and after 
surgery correlated better than IGF-1 with tumor volume, 
suggesting that GH level in acromegalic patients is a more 
sensitive sign of high tumor volume than IGF-1 [28]. This 
may be due to the fact that IGF-1 is an indirect marker of 
GH secretion, being influenced by weight, hyperglycemia, 
insulin concentration and IGF-1 binding proteins, while 
GH is determined only by the secretory status of the 
somatotropinoma [14].

An optimally controlled acromegaly (defined by 
controlled symptomatology, normalized IGF-1 level, nadir 
GH <1 ng/ml on OGTT or mean GH/24 hours <2.5 ng/
ml) was detected in 50% hypointense somatotropinomas, 
as compared to 42.85% hyperintense somatotropinomas 
and 7.15% isointense somatotropinomas, lower than the 
response found in other studies [4,16]. This might be due 
to the fact that our criteria for defining optimally controlled 
acromegaly was much stricter and comprised both GH and 
IGF-1 levels, while in the studies mentioned above, the 
full response rate was defined only as normalized IGF-1 
level. Nevertheless, in both cases, the higher proportion of 
optimally controlled patients was observed in hypointense 
somatotropinomas. Moreover, we observed that the 
percentage of optimally controlled patients did not increase 
significantly during the SSA treatment (from 26.66% after 
3 months, to 28.57% after 12 months). This may be due 
to the small number of patients included in the study and 
possibly to the fact that patients’ data when given combined 
medical treatment or radiotherapy was excluded. 

The potential limitations encountered in our study 
derive from the fact that a small number of patients was 
included, the study design was a retrospective cohort type 
one and the classification of somatotropinomas in hypo-, 
hyper-, or iso-intense in T2-weighted MRI was performed 
visually and not quantitatively. A new method of evaluating 
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the T2-weighted signal intensity on the MRI has been 
developed lately: the machine learning (ML)-based high-
dimensional quantitative texture analysis (qTA), which 
evaluates lesion pattern that may not be visible. According 
to the authors’ results it may have the potential of better 
predicting the response to SSA therapy and may have a 
better performance than the qualitative and quantitative T2-
weighted rSI [23]. As a result, this may represent the future 
in evaluating the characteristics of somatotropinomas 
according to the T2-weighted signal intensity on the MRI, 
but more studies need to be conducted.

Conclusions
Our results show that the percentage of optimally 

controlled patients increased within one year of follow-up. 
We have also observed that the tumor volume correlates 
with the hormonal secretion of the somatotropinomas and 
the T2-weighted signal intensity could help classify the 
somatotropinomas in a hypointense group with a better 
therapeutic response after surgery and after long-term 
treatment with somatostatin analogs.
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