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Abstract
Background Somatostatin receptor analogs (SRAs) and dopamine agonists (DAs) are the main medical treatments 
for patients with acromegaly who fail to achieve remission after surgery. We aimed to explore the potential role of 
select clinical, biochemical, and radiological factors in predicting biochemical and structural responses to medical 
therapy in a real-world setting.

Methods This retrospective cohort study included 58 patients with active acromegaly following surgery treated with 
Octreotide long-acting release (LAR) (± Cabergoline). Biochemical outcomes were defined as the tight biochemical 
response (TBR; normal insulin-like growth factor-1(IGF-1)) and biochemical control (BC; IGF-1 ≤ 1.2 upper limit of 
normal (ULN)). The structural response was defined as > 25% reduction in one dimension of the tumor at the last visit. 
Univariate and multivariate analyses assessed the predictors of biochemical and structural response.

Results The mean age of the participants was 41.5 ± 11.7 years. They were followed for a median of 27.6 (19.2–43.2) 
months. At the last visit, TBR and BC were achieved in 48.3% and 51.7% of the patients. Moreover, 51.4% of the 
patients showed a structural response. Applying the age-sex adjusted model, post-operative IGF-1 was inversely 
associated with TBR [OR 0.34, P = 0.006] and BC [OR 0.30, P = 0.004]. Moreover, Knosp grading < 3 compared to ≥ 3, and 
T2-hypointensity compared to the non-T2-hypointensity were associated with higher odds of TBR [OR 3.98, P = 0.04], 
[OR 27.63, P = 0.01], and BC [OR 5.80, P = 0.01], [OR 35.15, P = 0.01], respectively.

Conclusions Post-operative IGF-1, Knosp grading, and T2-hypointensity could be considered for an individualized 
treatment plan in acromegaly. Accordingly, we propose an individual multidisciplinary treatment approach for 
patients not achieving remission after surgery.
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Introduction
Acromegaly is a chronic disease mainly caused by growth 
hormone (GH) secreting pituitary adenoma [1]. In the 
absence of biochemical response, long-term exposure to 
inappropriately high levels of GH and insulin-like growth 
factor 1 (IGF-1) leads to a broad range of systemic com-
plications, including metabolic impairment, as well as 
cardiovascular, respiratory, and osteoarticular disease [2, 
3]. These complications ultimately lead to a reduced qual-
ity of life and increased mortality risk [2, 3].

Surgical resection of the pituitary adenoma is recom-
mended as the first choice of treatment [4]. However, 
the long-term remission rate following surgery ranges 
between 60.0 and 82.2% depending on the tumor size and 
surgical technique [5]. Persistent disease after surgery is 
the main indication for using medical therapy in acro-
megaly [6]. First-generation long-acting release (LAR) 
somatostatin receptor analogs (SRAs) (i.e., Octreotide 
or Lanreotide) are recommended as the first-line medi-
cal therapy in these patients [4]. Cabergoline can also be 
used as the first line of medical therapy if IGF-1 is less 
than 2.5 times the upper limit of normal (ULN), or as 
the add-on therapy to SRA providing that IGF-1 is mod-
erately elevated [4]. Moreover, somatostatin receptor 
ligands (i.e., Pasireotide) and GH-receptor antagonists 
(i.e., Pegvisomant) are recommended as the second line 
of medical therapy [4].

Considering the different options currently available for 
the treatment of acromegaly and the efforts toward pre-
cision medicine, it is important to identify patient char-
acteristics that make a particular drug more appropriate 
to a particular individual. Several factors, related to both 
patient and tumor characteristics, have been proposed as 
predictors of response to SRAs and Cabergoline. These 
characteristics include age, gender, GH and IGF-I levels, 
adenoma signal intensity in MRI T2-weighted sequence, 
cytokeratin granulation pattern, and some biomark-
ers such as somatostatin receptor subtype 2 (SSTR-2) 
expressions [7, 8, 9, 10]. However, there is some diver-
sity in the designs of these studies. Federica Nista et al. 
investigated predictors of response to the first- genera-
tion SRAs in a population of treatment naïve patients 
with acromegaly [11]; while another study prospectively 
evaluated the factors associated with response to medical 
therapy in patients who received first-or-second- genera-
tion of SRAs following an unsuccessful surgery [7]. Thus, 
we conducted this study to investigate predictors of bio-
chemical and structural response in a population of Ira-
nian people with acromegaly who have received medical 
therapy because of persistent disease after surgery.

Methods
Patients and study design
This retrospective cohort study was conducted among a 
population of Iranian people with acromegaly referred 
to a tertiary care center between 2017 and 2023. The 
study included all patients inadequately controlled after 
surgery and had received first-generation SRAs for at 
least six months. Persistent disease after surgery was 
defined as IGF-1 level more than the age-sex matched 
range and nadir GH more than 1 ng/ml. Patients who 
received radiotherapy and those with incomplete data 
were excluded from the study. The study was conducted 
in line with the recommendations of the Declaration of 
Helsinki (ethical code IR.IUMS.REC.1401.963). Written 
informed consent was obtained from all the patients to 
use the available data for research purposes.

Data collection
All required data were extracted from the electronic 
medical record system. These data included demo-
graphic data (age, sex, BMI), data regarding pituitary 
function (central hypogonadism, central hypothyroid-
ism, and central hypocortisolism), and plasma levels of 
GH, IGF-1, and prolactin (PRL), the characteristics of 
magnetic resonance imaging (MRI), and histopathology 
data. Information regarding MRI and histopathology is 
detailed below. The serum level of IGF-1 was measured 
using the enzyme-linked immunosorbent assay (ELISA) 
(LDN, Nordhorn, Germany), Serum GH level was deter-
mined using an ELISA kit (Diazist, Tehran, Iran) based 
on the manufacturer’s protocol, and serum level of PRL 
was determined by ELISA, using PRL ELISA kit (Pishtaz 
tab diagnostics-Iran). Duration of follow-up was consid-
ered from the initiation of medical therapy until the last 
visit or death.

Magnetic resonance imaging
In this tertiary care center, MRI is routinely performed 
within 3 to 6 months after surgery; and it is annu-
ally repeated after initiation of medial therapy. The 
images are done using a limited number of scanners 
and reviewed by one experienced radiologist (MAK). 
Maximum tumor size, tumor invasiveness based on the 
revised Knosp classification [12], and T1/T2-weighted 
signal intensity (T1/T2WSI) [13] are evaluated for all 
patients. Briefly, Knosp scores are as follows: grade 0; 
the adenoma does not encroach on the cavernous sinus 
(CS) space, grade 1; the tumor passes the medial tan-
gent of the intra-cavernous and supra-cavernous internal 
carotid arteries (ICAs) but does not extend beyond the 
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inter-carotid line, grade 2; the tumor extends beyond the 
inter-carotid line but not passes the lateral tangent of the 
intra-cavernous and supra-cavernous ICAs. In grade 3 
the tumor extends laterally to the lateral tangent of the 
intra-cavernous and supra-cavernous ICAs into the supe-
rior (3a) or inferior (3b) CS compartments, grade 4; there 
is the total encasement of the intra-cavernous carotid 
artery [12]. T1/T1WSI was evaluated qualitatively and 
classified as hypointense, isointense, hyperintense, and 
heterogeneous [13].

Histopathology and immunohistochemistry
In this tertiary care system, all histopathology results 
on pituitary tissues are reviewed by a single pathologist 
(AZM). Immunohistochemistry (IHC) staining for tumor 
type (GH or GH-PRL) and adenoma granularity pattern 
are reported for all patients who underwent surgery in 
our hospital. According to the cytokeratin IHC distri-
bution pattern, adenomas are categorized into densely 

granulated (perinuclear pattern) and sparsely granulated 
adenomas (para-nuclear pattern) [14]. However, IHC 
studies were unavailable for patients who underwent sur-
gery at another hospital.

Outcomes
Tight biochemical response (TBR) was defined as “nor-
mal age-sex matched IGF-1 level”, and biochemical con-
trol (BC) as “age-sex matched IGF-1 value ≤ 1.2 ULN” 
[4]. Structural response was defined as “more than 25% 
reduction in a single tumor dimension” at the last visit 
compared to the imaging at the time of initiation of med-
ical therapy. Moreover, complete response considered if 
more than 25% reduction in a single tumor dimension 
occurred and the last IGF-1 was within the normal age-
sex-matched range.

Statistical analysis
The continuous variables were described as mean ± stan-
dard deviation (SD) or median (interquartile range 
(IQR)), depending on being normally distributed or 
not. The inferential tools of t-test and Mann-Whitney 
were utilized in these two scenarios. The normality was 
assessed using the Kolmogorov-Smirnov test. The dis-
crete variables were expressed as numbers (percentages), 
and the Chi-squared test was applied. Considering the 
binary nature of the response variables, logistic regres-
sion models were fitted to them, which led to reporting 
odds ratios (ORs) as measures of association. The analy-
ses were performed using Stata ver. 13. The significance 
level was set at 0.05.

Results
Patients and tumor characteristics
Table 1 demonstrates the characteristics of patients and 
tumors before surgery. A total of 58 patients (40 females 
(69.0%)) were included in this study. The mean age of 
the participants was 41.5 ± 11.7 years. The mean body 
mass index (BMI) was 27.3 ± 4.8  kg/m2. The median 
IGF-1 level was 798 (595–945) ng/ml. The median 
GH level was 16.1 (5.8–40) ng/ml. Median maximum 
tumor diameter was 20 [16, 17, 18, 19, 20, 21, 22, 23, 
24, 25, 26, 27, 28] mm. Macro-adenoma was found in 
50 (94.3%) patients. Regarding the Knosp classification, 
36.5% (n = 19) of tumors were classified as grade 3, fol-
lowed by 25.0% (n = 13), 23.1% (n = 12), 13.5% (n = 7), and 
1.9% (n = 1) classified as grade 2, 4, 1, and 0, respectively. 
T1-WSI showed isointensity in 74.0% (n = 37), hypointen-
sity in 24.0% (n-12), and hyperintensity in 2.0% (n = 1). 
T2-WSI was isointense in 42.0% (n = 21), hyperintense 
in 30.0%(n = 15), hypointense in 18.0% (n = 9), mixed in 
6.0%, and heterogeneous in 4.0% (n = 2).

Table  2 indicates the characteristics of patients and 
tumors three months after surgery, before initiation 

Table 1 Baseline clinical, biochemical, and radiological 
characteristics of the participants
Variable Value
Sex (n, %; female) 40/58 (69.0%)
Age (mean, SD; year) 41.5 (± 11.7)
BMI (mean, SD; Kg/m²) 27.3 (± 4.8)
IGF-1 (median, IQR; ng/ml) 798 (595–945)
IGF-1× ULN (median, IQR; times ULN) 2.9 (2.1–3.5)
GH (median, IQR; ng/ml) 16.1 (5.8–40)
Prolactin (median, IQR; ng/ml) * 15.4 (7.2–39.9)
Maximum tumor diameter (median, IQR; mm) 20 (16–28)
Macroadenoma (n, %) 50/53 (94.3%)
Knosp grading (n, %)
 0
 1
 2
 3
 4

1/52 (1.9%)
7 /52 (13.5%)
13/52 (25.0%)
19/52 (36.5%)
12/52 (23.1%)

T1-weighted MRI signal (n, %)
 Isointense
 Hypointense
 Hyperintense

37/50 (74.0%)
12/50 (24.0%)
1/50 (2.0%)

T2-weighted MRI signal (n, %)
 Isointense
 Hypointense
 Hyperintense
 Heterogeneous
 Mixed

21/50 (42.0%)
9/50 (18.0%)
15/50 (30.0%)
2/50 (4.0%)
3/50 (6.0%)

Central Hypogonadism (n, %) 32/50 (62.8%)
ACTH deficiency (n, %) 28/50 (58.3%)
Central hypothyroidism (n, %) 5/50 (10.2%)
Panhypopituitarism (n, %) 22/50 (44.9%)
Categorical variables are expressed as number (n) and percentage (%) and 
continuous variables are expressed as median and IQR. BMI, Body Mass Index; 
IGF-1, Insulin-like Growth Factor 1; ULN, upper limit of normality range, Growth 
Hormone; ACTH, Adrenocorticotropic hormone; TSH, Thyroid Stimulating 
Hormone. *Prolactin less than 20 ng/ml in men and less than 25 ng/ml in 
women are considered as normal values



Page 4 of 9Rafieemanesh et al. BMC Endocrine Disorders           (2025) 25:30 

of medical therapy. The median IGF-1 level was 514 
(345–703) ng/ml. Median GH level was 3.5 (1.8–6.2) 
ng/ml. The median maximum tumor diameter was 8.5 
(3.3–12.0) mm. Macro-adenoma was found in 49.1% 
(n = 26) patients. Results of tumor histopathology indi-
cated positive GH staining in 78.1% (n = 32) and positive 
mixed GH-PRL staining in 21.9% (n = 9) of the tumors. 
The granulation pattern showed a sparse pattern in 
51.6% (n = 16) and a dense pattern in 48.4% (n = 15) of the 
tumors.

Biochemical and structural response
TBR (normal IGF-1) was found in 31.8% of patients 
within 12 months of treatment and in 48.3% of them at 
the last follow-up visit. BC (IGF-1 ≤ 1.2 ULN) was identi-
fied in 38.6% of patients within 12 months of treatment 
and in 51.7% of them at the last follow-up visit (Fig. 1). 
The percentage of patients who achieved BC at the last 
visit was equal in the group that received Octreotide LAR 
alone and that received Cabergoline as an add-on ther-
apy to the Octreotide LAR. Moreover, 51.4% of patients 
achieved more than a 25% reduction in tumor size at the 
last visit, while 29.7% fulfilled the criteria of complete 
response to medical therapy.

Potential predictors of biochemical and structural 
response
All patients included in this study received the first-gen-
eration SRA (Octreotide LAR) due to persistent disease 

after surgery. 50% of them received Cabergoline as add-
on-therapy. The initial dose of Octreotide LAR was 20 mg 
every 28 days; it was up-titrated every 3 months to the 
maximum dose of 40 mg every 28 days. The majority of 
patients (86.2%) received 30 mg monthly. The initial dose 

Table 2 Characteristics of the participants at 3 months’ post-
operation
Variable Values
IGF-1 (median, IQR; ng/ml) 514 (345–703)
IGF-1× ULN (median, IQR; ng/ml) 1.9 (1.40–2.50)
GH (median, IQR; ng/ml) 3.5 (1.8–6.2)
PRL (median, IQR; ng/ml) * 8.5 (3.9–24.0)
Maximum tumor diameter (median, IQR; mm) 8.5 (3.3–12.0)
Macroadenoma (n, %) 26/53 (49.1%)
Granulation pattern (n, %)
 Densely granulated
 Sparsely granulated

15/31 (48.4%)
16/31 (51.6%)

IHC results (n, %)
 GH
 GH + PRL

32/41 (78.1%)
9/41 (21.9%)

Central Hypogonadism (n, %) 26/57 (45.6%)
ACTH deficiency (n, %) 24/58 (41.4%)
Central hypothyroidism (n, %) 28/58 (48.3%)
Panhypopituitarism (n, %) 23/57 (40.4%)
Categorical variables are expressed as number (n) and percentage (%) and 
continuous variables are expressed as median and IQR. BMI, Body Mass Index; 
IGF-1, Insulin-like Growth Factor 1; ULN, upper limit of normality range; GH, 
Growth Hormone; IHC, Immunohistochemistry staining pattern; GH + PRL, 
mixed growth hormone-prolactin; ACTH, Adrenocorticotropic hormone; TSH, 
Thyroid Stimulating Hormone. *Prolactin less than 20 ng/ml in men and less 
than 25 ng/ml in women are considered as normal values

Fig. 1 Biochemical response at 12 months after initiation of medical therapy and the last visit, compared to the IGF-1 values before initiation of SRA. TBR, 
Tight biochemical response; BC, Biochemical control; SRA, somatostatin receptor agonists
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of Cabergoline was 2  mg weekly and it was increased 
by 1  mg weekly every month to the maximum dose of 
5 mg weekly. 42.8% of patients received 3 mg weekly. The 
patients were followed for a median of 27.6 (19.2–43.2) 
months.

Characteristics of the patients based on biochemical 
control defined as normal age-sex matched IGF-1 are 
presented in Supplementary Table 1. The results indi-
cated that compared to the patients who did not reach 
biochemical control, those who achieved biochemi-
cal control had lower pre-medication IGF-1 (1.6 ULN 
vs. 2.4 ULN, p = 0.001) and were more likely to present 
with T2-hypointensity in MRI imaging (29.6% vs. 4.4%, 
p = 0.03) and their tumors were less likely to be classified 
as grade 3 or more (44.8% vs. 78.3%, p = 0.02). Logistic 
regression analyzed the factors associated with biochem-
ical and structural response to medical therapy at the last 
follow-up visit. Applying the age-sex adjusted model, 
pre-medication IGF-1 was inversely associated with TBR 
[OR 0.34 (95% CI 0.16, 0.74), P = 0.006] and BC [OR 0.30 
(95% CI 0.13, 0.69), P = 0.004]. Moreover, the age-sex 
adjusted model indicated Knosp grading < 3 comparing 
with ≥ 3 was associated with higher odds of TBR [OR 3.98 

(95% CI 1.10, 14.43), P = 0.04] and BC [OR 5.80 (95% CI 
1.44, 23.41), P = 0.01]. T2-hypointensity compared to the 
non-T2-hypointensity was associated with higher odds 
of TBR [OR 27.63 (95% CI 2.07, 369.09), P = 0.01] and 
BC [OR 35.15 (95% CI 2.32, 532.47), P = 0.01]. However, 
pre-operative tumor size and granulation pattern did 
not show any association with the biochemical response. 
Moreover, none of the biochemical, radiological, or 
histopathological factors were associated with struc-
tural and completed response except for post-operative 
IGF-1 value that was inversely associated with complete 
response [OR 0.18(95% CI 0.04, 0.77), P = 0.02] (Table 3).

Considering the fact that Pegvisomant and the Pasire-
otide LAR are not available in all countries, we suggest 
an individualized multidisciplinary treatment approach 
for the management of acromegaly in such special areas. 
If post-operative IGF-1 is ≤ 1.2 ULN and the patient is 
clinically asymptomatic, monitoring of IGF-1 is recom-
mended. If post-operative IGF-1 is < 2 ULN Cabergoline 
could be a good choice. In the cases with post-operative 
IGF-1 ≥ 2 ULN first generation of SRAs is recommended. 
Moreover, in patients on medical treatment, if IGF-1 is 

Table 3 Logistic regression analysis to predict factors associated with biochemical and structural response to medical therapy at last 
visit
Variable Univariate -Tight Biochemical Re-

sponse, OR (95%CI)
P-value Multivariate -Tight Biochemi-

cal Response, OR (95%CI)
P-
value

Post-operative IGF-1 (fold ULN), median (IQR) 0.34 (0.16, 0.73) 0.005 0.34 (0.16, 0.74) 0.006
Knosp (< 3 vs. ≥ 3) 3.46 (1.06, 11.33) 0.04 3.98 (1.10, 14.43) 0.04
T1-Hypointensity 2.22 (0.57, 8.65) 0.25 2.08 (0.52, 8.31) 0.30
T2-Hypointensity 10.22 (1.17, 89.39) 0.04 27.63 (2.07, 369.09) 0.01
Granulation (SG vs. DG) 6.00 (1.26, 28.55) 0.02 4.21 (0.79, 22.53) 0.09
Variable Univariate-Biochemical control, OR 

(95%CI)
P-value Multivariate-Biochemical 

control, OR (95%CI)
P-
value

Post-operative IGF-1 (fold ULN), median (IQR) 0.31 (0.14, 0.67) 0.003 0.30 (0.13, 0.69) 0.004
Knosp (< 3 vs. ≥ 3) 4.43 (1.29, 15.19) 0.02 5.80 (1.44, 23.41) 0.01
T1-Hypointensity 2.00 (0.51, 7.78) 0.32 1.84 (0.46, 7.42) 0.39
T2-Hypointensity 9.26 (1.06, 80.93) 0.04 35.15 (2.32, 532.47) 0.01
Granulation (SG vs. DG) 4.50 (0.97, 20.83) 0.05 2.66 (0.48, 14.74) 0.26

Univariate-structural response, OR 
(95%CI)

P-value Multivariate-Structural re-
sponse, OR (95%CI)

P-
value

Post-operative IGF-1 (fold ULN), median (IQR) 0.75 (0.31, 1.83) 0.53 0.74 (0.29, 1.90) 0.53
Knosp (< 3 vs. ≥ 3) 0.92 (0.23, 3.66) 0.91 1.10 (0.26, 4.62) 0.90
T1-Hypointensity 0.87 (0.18, 4.18) 0.86 0.96 (0.19, 4.83) 0.96
T2-Hypointensity 0.42 (0.03, 5.06) 0.49 0.33 (0.02, 5.75) 0.50
Granulation (SG vs. DG) 1.39 (0.22, 8.92) 0.73 1.75 (0.23, 13.38) 0.59

Univariate-Complete response, OR 
(95%CI)

P-value Multivariate-Complete re-
sponse, OR (95%CI)

P-
value

Post-operative IGF-1 (fold ULN), median (IQR) 0.21 (0.05, 0.79) 0.02 0.18 (0.04, 0.77) 0.02
Knosp grade (< 3 vs. ≥ 3) 1.29 (0.29, 5.67) 0.74 1.37 (0.30, 6.31) 0.69
T1-Hypointensity 1.50 (0.29, 7.81) 0.60 1.52 (0.28, 8.25) 0.63
T2-Hypointensity 1.15 (0.09, 14.19) 0.91 2.46 (0.14, 43.98) 0.54
Granulation (SG vs. DG) 4.00 (0.35, 45.38) 0.26 3.79 (0.30, 47.97) 0.30
IGF-1, Insulin-like Growth Factor 1; ULN, upper limit of normality range; GH, Growth Hormone; IHC, Immunohistochemistry staining pattern; OR, odds ratio; 95%CI, 
95% confidence interval. p-value ≤ 0.05 values are statistically significant. Data are adjusted for age and sex
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≤ 1.2 ULN and the patient is clinically asymptomatic, no 
further intervention is required (Fig. 2).

Discussion
In this study, we investigated select clinical, biochemi-
cal, histopathological, and radiological factors associated 
with biochemical and structural response to Octreotide 
LAR (± Cabergoline) in a population of Iranian people 
with acromegaly who suffered from persistent disease 
after surgery. The results demonstrated in a real-life set-
ting where the first-generation SRAs and Cabergoline 
are the sole available medications for acromegaly, post-
operative IGF-1 level, T2-WSI in MRI imaging, and 
Knosp grading are determinants of biochemical response 
to medical therapy. However, none of the investigated 
factors could predict the structural response to these 
medications.

During the follow-up period of 27.6 (19.2–43.2) 
months, 48.35% of patients who received medical ther-
apy with Octreotide LAR (± Cabergoline) achieved TBR 
(normal age-sex matched IGF-1), and 51.7% of them 
achieved BC (IGF-1 ≤ 1.2 ULN). Previous studies indi-
cated 30–55% of patients with acromegaly achieve nor-
mal IGF-1 using SRAs [15]. A recent meta-analysis of 
90 cohorts of patients with acromegaly received SRAs 
indicated a response rate of 55% for IGF-1 normaliza-
tion [16]. However, there was a wide range of variations 

among the included studies [16]. A very recent study that 
provided details of medical treatment from nine interna-
tional centers indicated that 75.8% of patients receiving 
either Octreotide or Lanreotide as monotherapy were 
controlled. The difference in the patients’ characteristics 
might be a reason for the discrepancy in the response 
rate. Moreover, they included patients who used either 
Octreotide or Lanreotide while all our participants 
received Octreotide LAR as the first generation of SRAs 
[17].

Another meta-analysis of 5 studies showed Cabergoline 
as an add-on-therapy to SRA-normalized IGF-1 in 52% 
of patients [18]. Differently from the previous studies, 
we investigated biochemical response after a period of 
medical therapy with Octreotide LAR alone or combined 
with Cabergoline. We focused on IGF-1 because the 
most recent consensuses recommend the normalization 
of IGF-1 as it is known as the best reflection of disease 
control [4, 19]. Other than the normalization of IGF-1 
(TBR), we investigated biochemical control defined as 
IGF-1 ≤ 1.2 ULN. Previous studies showed in patients not 
controlled by standard doses of Octreotide LAR, higher 
doses (60 mg every 28 days) can improve the biochemical 
control rate [20]. However, the study of this cohort indi-
cated the standard dose of Octreotide LAR (30–40  mg 
every 28 days) combined with Cabergoline (3–5  mg 
weekly) can result in a comparable response rate. This 

Fig. 2 Algorithm for the Multidisciplinary Management of Acromegaly. IGF-1; insulin-like growth factor-1, ULN; upper limit of normal, CAB; cabergoline, 
SRA; somatostatin receptor agonists. *Cabergoline dose: 3–5 mg/week, **1st generation SRA dose: 20–40 mg every 28 days
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approach could be applied as a cost-benefit alternative, 
especially in regions with limited access to SRAs.

We found that T2-hypointensity and lower Knosp 
grading in MRI imaging is associated with a higher rate 
of TBR and BC. Several studies have recently investigated 
the association of pituitary MRI characteristics with 
the response to SRAs. Higher knosp classification and 
tumor invasiveness are well-known predictors of resis-
tant tumors [21]. Moreover, some studies, including ours, 
indicated that T2-hypointense lesions are associated 
with a better biochemical response to SRAs [11, 22, 23]. 
However, these studies simply compared the difference 
in the percentage of IGF-1 reduction between patients 
with T2-hypointense and T2-non-hypointense lesions 
[11, 22, 23, 24]. Moreover, most of them investigated the 
association of T2-WSI and response to SRAs in patients 
followed for a maximum duration of 12 months [11, 22, 
23]. We conducted the study in a “real world” setting with 
a relatively long duration of follow-up. As we did in our 
study, Domingo et al. included patients who had active 
disease after surgery [24]. Similarly, they found patients 
with T2-hypointense lesions were more likely to achieve 
normal IGF-1 levels at 6 and 12 months after treatment 
with SRAs [24].

Furthermore, some studies indicated that T2-hypoin-
tens lesions in MRI imaging are more likely to be densely 
granulated [10]. On the other hand, densely granulated 
adenomas have been reported as a good predictor of 
response to SRAs [7, 25]. However, we could not find any 
association between granulation patterns in IHC staining 
and response to medical therapy. This might be due to the 
lack of IHC results in about 50% of patients included in 
this analysis. Previous studies reported a higher expres-
sion of the SSTR-2 in densely granulated adenomas [25, 
26]. These findings suggested that a better response to 
SRAs might be, to some extent, based on differences in 
SSTR expression. Many studies investigated histological 
markers of response to medical treatment in acromegaly, 
concluded SSTR-2, but not SSTR-5, dopamine receptor 
subtype 5 (DR-5), but not DR-1, KI67%<3%, low beta-
arrestin expression, and E-cadherin level are associated 
with a better response to medical treatment [27, 28, 29, 
30, 31].

Some clinical and biochemical factors have also been 
reported as predictors of response to medical treatment. 
Some studies indicated younger age at the diagnosis and 
higher baseline GH/IGF-1 levels have been associated 
with a lower rate of response to medical therapy [32, 
33]. While some others demonstrated higher IGF-1 lev-
els at baseline are associated with a better response to 
medical therapy [11, 34]. We found post-operative IGF-1 
level is inversely associated with biochemical response 
to the medical therapy. However, we found no asso-
ciation between age or other clinical characteristics and 

biochemical response to the medications. These contro-
versies might be explained by various definitions applied 
to biochemical response. Moreover, post-operative IGF-1 
level, reflecting the size of residual tumor, might be a 
better determinant of response to medical therapy after 
surgery, rather than baseline IGF-1 level. Additionally, 
several molecular predictors and signaling pathway dis-
ruption are identified to play an important role in the 
response to SRAs [35]. For example, higher KI-67 index, 
lower immunoreactivity of Zac1 (a tumor suppressor 
gene), and higher B-arrestin expression are found to be 
associated with resistance to SRAs [36, 37, 38]. Further-
more, a more recent study, applying machine learning 
models, indicated the usefulness of several predictive 
factors specifically low GH nadir in the acute Octreo-
tide test, T2 MRI hypointensity, SSTR2, and E-cadherin 
expression, as well as a densely granulated pattern [39].

In addition to biochemical response, tumor size reduc-
tion is considered an important criterion of response to 
medical therapy. In standard clinical practice, a reduc-
tion of 20–25% in a single tumor dimension is consid-
ered a significant change in response to SRAs [4]. In this 
study, clinically significant tumor size reduction occurred 
in 51.4% of patients. A recent meta-analysis of stud-
ies assessed the effect of Octreotide on tumor shrink-
age reported structural response in 53.0% of patients 
while the response increased to 66.0% when restricted 
to the patients who received Octreotide LAR [40]. How-
ever, the included studies reported any size reduction, 
as the response to medical therapy, while we strictly and 
quantitatively defined the structural response to medi-
cal therapy. Moreover, some studies evaluated predic-
tors of structural response to medical therapy indicated 
T2-hypointensity in MRI imaging is associated with a 
greater reduction in tumor size [22, 23]. We found no 
association between clinical, biochemical, or radiological 
factors and structural response to medical therapy. How-
ever, the comparison of studies that investigated tumor 
shrinkage and the associated factors is challenging, since 
there is heterogeneity in techniques applied for tumor 
measurements, duration of follow-up, and type of treat-
ment (primary or adjuvant therapy) [41].

This study was conducted in a real-world setting with 
a long duration of follow-up. Another strength of this 
study is the evaluation of different potential predictors 
of response to medical therapy including clinical, bio-
chemical, and radiological factors. Moreover, biochemi-
cal, structural, and complete remission were precisely 
defined and evaluated. Another strength of our study is 
that all the images were reported by a single experienced 
radiologist. However, the retrospective design of this 
study and the lack of availability of some data such as the 
pattern of granulation in pathology results are the main 
limitations of this study.
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Conclusion
In conclusion, we found lower Knosp grading and 
T2-hypointensity at MRI imaging as well as post-oper-
ative IGF-1 levels are robust predictors of biochemical 
response (namely normal IGF-1 and IGF-1 ≤ 1.2 ULN) to 
medical therapy after an unsuccessful surgery. Moreover, 
post-operative IGF-1 level could be considered as a pre-
dictor of complete response to medical therapy.
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