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OBJECTIVE  The low expression of somatostatin receptor (SSTR) subtypes in somatotropinoma is associated with a 
poor response to somatostatin analogs (SSAs). However, the correlation between SSTRs and tumor invasion has not yet 
been clarified. Therefore, the authors aimed to investigate the relationship between SSTRs and tumor invasion, as well 
as the correlation between tumor invasiveness and pharmacological response to SSAs.
METHODS  A total of 102 patients with acromegaly who underwent surgery between December 2016 and December 
2021 at the largest pituitary tumor surgery center in southern China were included in this retrospective study. Patients 
were divided into the noninvasive tumor group (Knosp grades 0–2 and Hardy-Wilson grade I or II) and invasive group 
(either Knosp grade 3 or 4 or Hardy-Wilson grade III or IV). The positive response to SSAs was defined by the following 
criteria after at least 3 months of SSA treatment: 1) ≥ 50% reduction or age- and sex-adjusted normal range of insulin-
like growth factor–1 (IGF-1) level; 2) ≥ 80% reduction in or normal range of growth hormone (GH) level; or 3) > 20% 
reduction in tumor volume. The reference for the normal range of age- and sex-adjusted serum IGF-1 levels was derived 
from a survey of 2791 healthy adults (1339 males and 1452 females) in China. Demographics and clinical characteristics 
including tumor size, biochemical assessment, expression levels of SSTRs, and response to preoperative SSAs were 
compared between the invasive group and noninvasive group. Receiver operating characteristic (ROC) curve analysis 
was performed to assess the association between SSTR2 and tumor invasion.
RESULTS  Compared with the noninvasive group, the invasive group presented with a larger tumor size (9.99 ± 10.41 
cm3 vs 3.50 ± 4.02 cm3, p < 0.001), relatively lower SSTR2 expression (p < 0.001), and poorer response to SSAs (36.4% 
vs 91.7%, p < 0.001). In addition, there was a significant negative correlation between SSTR2 mRNA level and tumor 
size (r = −0.214, p = 0.031). However, there were no statistically significant differences in the expression of SSTR1, 
SSTR3, and SSTR5 between the groups. ROC analysis revealed that the low SSTR2 mRNA level was closely associ-
ated with tumor invasion (area under the curve 0.805, p < 0.0001).
CONCLUSIONS  Tumor invasion is negatively correlated with SSTR2 level but is not associated with other SSTR 
subtypes. Patients with invasive tumors have a poorer response to SSA therapy, which may be due to the low level of 
SSTR2 expression. Therefore, SSTR2 could be considered as a routine investigative marker for aiding management of 
postoperative residual tumors.
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Approximately 10%–15% of resected neuroendo-
crine tumors of the pituitary are of somatotroph 
origin (somatotropinoma). These growth hormone 

(GH)–producing tumors cause acromegaly,1–3 a condition 
that is often associated with several comorbidities such as 
hypertension, diabetes, colonic polyps, thyroid nodules, 
cardiac dysfunction, and sleep apnea. Histologically, so-
matotropinomas are heterogeneous and present with vari-
able invasive properties and varied response to different 
pharmacological options.4–6 Biochemically, they are char-
acterized by elevated levels of circulating GH and insulin-
like growth factor–1 (IGF-1).

The therapeutic goals for treatment of this tumor are a 
combination of maximal resection and normalization of 
GH and IGF-1 levels, reducing the morbidity and mortality 
of the acromegaly population.7,8 Resection is the first line 
of treatment; unfortunately, normalized endocrinological 
function is achieved in only 50% of operated cases and is 
reduced to 10%–20% for invasive macroadenomas.9,10 Pre-
operative and postoperative pharmacological agents such 
as somatostatin analogs (SSAs; e.g., octreotide and lan-
reotide) are therefore an important adjunct to surgery.11–13 
SSAs are ligands for somatostatin receptors (SSTRs), G-
protein coupled receptors that are found in a variety of 
tissues and richly expressed in somatotropinomas. SSTRs 
are differentially expressed in somatotropinomas; the 
highest expressions are those of SSTR2 and SSTR5, fol-
lowed by SSTR1 and SSTR3 and rarely, SSTR4.14,15

In our pituitary tumor surgery center, we observed that 
invasive somatotropinomas have a poor response to SSA 
treatment. To gain insight into this clinical phenomenon, 
we sought to investigate the differential expression of 
SSTRs between invasive and noninvasive tumors, as well 
as the correlation between SSTRs and tumor invasion.

Methods
Patient Characteristics

This prospective study enrolled 102 acromegaly pa-
tients (54.9% female) who underwent surgery between 
December 2016 and December 2021 at the Center for Pitu-
itary Tumor Surgery, The First Affiliated Hospital of Sun 
Yat-sen University, Guangzhou, China. Inclusion criteria 
for the study were as follows: 1) disease diagnosed accord-
ing to the 2010 consensus criteria of acromegaly,8 2) surgi-
cal treatment, 3) available tumor tissue, and 4) minimum 
follow-up of 3 months. Patients who received radiotherapy 
or had incomplete clinical data were excluded from the 
study. All patients provided informed consent for research 
use of their tumor tissue, and the study was approved by 
the ethics committee of The First Affiliated Hospital of 
Sun Yat-sen University.

Biochemical Measurement
Endogenous hormone levels, including serum GH, IGF-

1, prolactin, cortisol, free T3, free T4, thyroid-stimulating 
hormone, follicle-stimulating hormone, luteinizing hor-
mone, estrogen, adrenocorticotrophic hormone, and testos-
terone, were measured before surgery and 24 hours and 3 
months after surgery in all patients by chemiluminescence 
immunoassay. An oral glucose tolerance test (OGTT) was 

conducted before surgery to measure the nadir GH value, 
and a further OGTT test was performed if the random GH 
level was over 1.0 ng/mL after surgery. The biochemical 
remission (BR) criteria consisted of random serum GH < 
1.0 ng/mL or nadir GH < 0.4 ng/mL after the OGTT, as 
well as normal range of age- and sex-adjusted serum IGF-
1.7,8 The reference for the normal range of age- and sex-
adjusted serum IGF-1 levels was derived from a survey 
of 2791 healthy adults (1339 males and 1452 females) in 
China.16

Fifty-seven (55.9%) patients were treated preopera-
tively with long-acting first-generation SSAs, either oc-
treotide long-acting release (20 mg/4 weeks) or lanreotide 
(90 mg/4 weeks). Because of the lack of criteria for SSA 
resistance, the pharmacological response was defined ac-
cording to previous studies.5,12,17–20 A positive response to 
SSAs was defined by the following criteria after at least 3 
months of SSA treatment: 1) ≥ 50% reduction or age- and 
sex-adjusted normal range of IGF-1 level (biochemical re-
sponse),5,17,18,20 2) ≥ 80% reduction in or normal range of 
GH level (biochemical response),5,12 or 3) > 20% reduction 
in tumor volume (tumor response).5,12,19

Imaging Assessments
MRI was performed before and after SSA administra-

tion and surgery using a 3.0-T MRI scanner (Magnetom-
Verio, Siemens Healthcare). T1-weighted, gadolinium-en-
hanced T1-weighted, and T2-weighted imaging data were 
collected from all patients. Tumor volume and maximum 
diameter before and after medication or before surgery 
were measured using 3D-Slicer software (version 5.0.3). 
Gross-total resection (GTR) was defined as no residual 
pituitary tumor on MRI at 3 months after surgery. Hardy-
Wilson and Knosp grades were used to evaluate the tumor 
invasiveness on preoperative or premedication MRI.21–23

Definition of Pituitary Tumor Invasion
The Hardy-Wilson classification considers the degree 

of sellar destruction (grade) and extrasellar extension 
(stage), but it does not account for lateral extension (e.g., 
cavernous sinus [CS]), for which the Knosp classification 
is useful. We therefore used both classification systems, as 
this ensured that we considered all factors when consider-
ing invasion, with Knosp grade 3 or 4 or Hardy grade III 
or IV tumors classified as invasive and Knosp grade 0–2 
and Hardy grade I or II tumors classified as noninvasive.

Quantitative Real-Time Reverse Transcription Polymerase 
Chain Reaction

To evaluate mRNA levels of the SSTRs (SSTR1, 
SSTR2, SSTR3, and SSTR5), all 102 samples were includ-
ed in this study by quantitative real-time reverse transcrip-
tion polymerase chain reaction (qRT-PCR). According to 
the manufacturer’s instructions, total RNA was extracted 
from tumor tissues using Trizol reagent (Invitrogen) and 
were reverse transcribed using commercially available 
reagents (TaKaRa), and qRT-PCR was performed using 
the StepOne SYBR Green Premix Pro Tag HS qPCR Kit 
(Accurate Biology).

GAPDH was used as a control for the mRNA expres-
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sion of SSTR. The relative expression levels of SSTR 
mRNA were quantified by 2−ΔCt methods. The sequences 
of primers were listed in Table 1, which were ordered from 
Tsingke Biotechnology Corporation.

Immunohistochemical Analysis
The differential expression of SSTR2 and SSTR5 be-

tween the invasive and noninvasive groups was evaluated 
at the protein level by immunohistochemical (IHC) analy-
sis. Paraffin-embedded tumor specimens from 79 patients 
were cut into 5-μm slices and were stained using diamino-
benzene (DAB) according to the manufacturer’s instruc-
tions. In brief, the sections were treated with 3% H2O2 
for 10 minutes at room temperature and then blocked 
with blocking serum for 20 minutes. Primary antibodies 
(SSTR2, ZSGB-BIO; and SSTR5, ABcom) were used at 
a dilution of 1:100, overnight at 4°C in a moist chamber. 
Then, the slides were incubated for 30 minutes at room 
temperature with a goat anti–rabbit immunoglobulin, and 
subsequently reacted with DAB (CWBio). Negative con-
trols were incubated without primary antibodies.

The IHC results were scored semiquantitatively by the 
percentage of positive cells and staining intensity. The 
percentage of positive cells was evaluated using a four-
tiered system: score 1 (negative or < 25% positive cells), 
score 2 (25%–49% positive cells), score 3 (50%–74% posi-
tive cells) and score 4 (≥ 75% of positive cells).24,25 The in-
tensity of staining was scored as score 1 (negative or light-
yellow), score 2 (brown-yellow), and score 3 (brown).24 
The final score was quantified using the equation of the 
staining number score multiplied by the staining intensity 
score (range from 1 to 12). Scores of 1–6 were defined as 
low expression, and scores exceeding 6 were identified as 
high expression. The score assessments were performed 
independently by two researchers without knowledge of 
the clinical data.

Statistical Analysis
Data were analyzed using IBM SPSS version 22.0 

(IBM Corp.). Numerical data were expressed as mean ± 
SD or mean ± SEM and were evaluated using the inde-
pendent t-test or Mann-Whitney U-test. Categorical vari-
ables were expressed as percentages and were statistically 
analyzed using Pearson’s chi-square or Fisher’s exact test. 
Multivariate analysis was performed to determine inde-
pendent variables related to tumor invasion. Receiver op-
erating characteristic (ROC) curve analysis was used to 
assess the association between SSTR2 and tumor invasion 
using MedCalc version 20.023; p < 0.05 was considered 
statistically significant.

Results
Baseline Characteristics

The mean age was 41.42 ± 11.63 years. Seven tumors 
were categorized as Hardy-Wilson grade I, 72 tumors as 
grade II, 12 tumors as grade III, and 11 tumors as grade 
IV, while 17 tumors were classified as Knosp grade 0, 25 
tumors as grade 1, 20 tumors as grade 2, 22 tumors as 
grade 3, and 18 tumors as grade 4. Only 4 tumors were mi-
croadenomas, and 98 tumors were macroadenomas. The 

mean tumor volume and maximum diameter were 6.55 ± 
8.34 cm3 (range 0.071–50.05 cm3) and 24.57 ± 10.75 mm 
(range 6.46–56.64 mm), respectively. The minimum and 
maximum follow-up times were 3 months (16 patients, 
15.69%) and 5 years (mean 18.12 ± 1.37 months), respec-
tively. Other results are shown in Table 2.

Comparison of Characteristics Between the Invasive and 
Noninvasive Groups

Based on MRI findings, 48 patients were categorized 
in the invasive group and 54 patients in the noninvasive 
group. To investigate whether there were characteristic 
differences between the groups except for tumor grade 
(Knosp and Hardy grades), comparisons were performed 
and the results are listed in Table 2. GTR was achieved 
in 73 (71.6%) patients, including 50 (92.6%) in the non-
invasive group and 23 (47.9%) in the invasive group (p < 
0.001). Overall, 53 (52%) patients reached postoperative 
BR at the last follow-up (at least 3 months), namely, 40 
patients in the noninvasive group and 13 patients in the 
invasive group (74.1% vs 27.1%, p < 0.001). Moreover, we 
found that patients with invasive tumor presented with 
both a larger tumor volume (9.99 ± 10.41 cm3 vs 3.50 
± 4.02 cm3, p < 0.001) and a wider maximum diameter 
(30.56 ± 11.2 mm vs 19.24 ± 6.88 mm, p < 0.001). Com-
pared with patients with noninvasive tumor, patients with 
invasive tumor tended to have a lower pharmacological 
response rate to SSAs (36.4% vs 91.7%, p < 0.001). Base-
line endocrinological evaluation revealed hypopituitarism 
in 26 (25.5%) patients: 17 (35.4%) patients in the invasive 
group and 9 (16.7%) in the noninvasive group (p = 0.030). 
However, there were no significant differences in age, 
BMI, disease duration, sex, empty sella, sella configura-
tion, comorbidity, and GH, IGF-1, or normalized IGF-1 
levels at diagnosis.

SSTR1/2/3/5 mRNA Expression
To investigate whether the differential SSTR1/2/3/5 

expression occurred at a transcriptional level between the 
groups, we performed qRT-PCR analysis in all tumor tis-
sue samples. As shown in Fig. 1A, the level of SSTR2 in 
the noninvasive group was significantly higher than in the 
invasive group (p < 0.001), which indicated that downreg-
ulation of SSTR2 might be associated with invasion of so-

TABLE 1. Primers designed for qRT-PCR

Primer Name Sequence

SSTR1
Forward: 5′ CACATTTCTCATGGGCTTCCT 3′
Reverse: 5′ ACAAACACCATCACCACCATC 3′

SSTR2
Forward: 5′ GGCATGTTTGACTTTGTGGTG 3′
Reverse: 5′ GTCTCATTCAGCCGGGATTT 3′

SSTR3
Forward: 5′ TGCCTTCTTTGGGCTCTACTT 3′
Reverse: 5′ ATCCTCCTCCTCAGTCTTCTCC 3′

SSTR5
Forward: 5′ CTGGTGTTTGCGGGATGTT 3′
Reverse: 5′ GAAGCTCTGGCGGAAGTTGT 3′

GAPDH
Forward: 5′ CTGGGCTACACTGAGCACC 3′
Reverse: 5′ AAGTGGTCGTTGAGGGCAATG 3′
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matotroph tumors. Although the levels of SSTR1, SSTR3, 
and SSTR5 were also slightly higher in the noninvasive 
group than in the invasive group, the differences were not 
statistically significant (Fig. 1B–D). Thereafter, our fur-

ther investigation showed that there was a significant neg-
ative correlation between SSTR2 mRNA level and tumor 
size, including maximum diameter (r = −0.218, p = 0.028) 
(Fig. 1E) and volume (r = −0.214, p = 0.031) (Fig. 1F).

TABLE 2. Group comparison between the invasive and noninvasive groups

Variable Total (n = 102) Noninvasive Group (n = 54) Invasive Group (n = 48) p Value

Age, yrs 41.42 ± 11.63 42.76 ±11.35 39.92 ± 11.88 0.169
BMI, kg/m2 24.92 ± 3.05 24.67 ± 2.46 25.19 ± 3.61   0.400
Disease duration, mos 56.45 ± 70.53 60.19 ± 83.11 52.25 ± 53.55 0.694
Sex 0.291
  Male 46 (45.1) 27 (50) 19 (39.6)
  Female 56 (54.9) 27 (50) 29 (60.4)
Empty sella 15 (14.7) 10 (18.5) 5 (10.4) 0.249
Sella configuration 0.696
  Sellar type 79 (77.5) 41 (75.9) 38 (79.2)
  Presellar 23 (22.5) 13 (24.1) 10 (20.8)
Comorbidity* 48 (47.1) 30 (55.6) 18 (37.5) 0.068
GTR 73 (71.6) 50 (92.6) 23 (47.9) <0.001
Remission 53 (52.0) 40 (74.1) 13 (27.1) <0.001
Response to SSAs† 34 (59.6) 22 (91.7) 12 (36.4) <0.001
GH at diagnosis, ng/mL 40.66 ± 46.72 34.8 ± 33.91 47.26 ± 57.53 0.367
IGF-1 at diagnosis, ng/mL 669.68 ± 258.54 649.06 ± 264.47 692.88 ± 252.44 0.311
Normalized IGF-1 at diagnosis 2.41 ± 0.95 2.38 ± 1.02 2.44 ± 0.86 0.488
Max tumor diameter, mm 24.57 ± 10.75 19.24 ± 6.88 30.56 ± 11.2 <0.001
Tumor vol, cm3 6.55 ± 8.34 3.50 ± 4.02 9.99 ± 10.41 <0.001
Preop hypopituitarism‡ 26 (25.5) 9 (16.7) 17 (35.4) 0.030

Values are presented as the number of patients (%) or mean ± SD unless stated otherwise.
* Diabetes, hypertension, colonic polyps, thyroid nodules, cardiac dysfunction, and sleep apnea.
† Fifty-seven patients received SSAs.
‡ Hypothyroidism, hypogonadism, hypoadrenocorticism, and panhypopituitarism.

FIG. 1. SSTR mRNA levels between the two groups, and the correlation between SSTR2 mRNA expression and tumor size. 
A–D: Quantitative RT-PCR analysis of SSTR1/2/3/5 expression between the two groups. Mann-Whitney U-test. Bars represent 
mean ± SEM. ***p < 0.001. E and F: Spearman correlation analysis was used to test the correlation between SSTR2 mRNA level 
and maximum diameter (E) and tumor volume (F).
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Factors Associated With Tumor Invasion
Multivariable analysis was performed for factors with p 

< 0.1 on univariate analysis that were possibly associated 
with tumor invasion, including comorbidity, maximum 
tumor diameter, tumor volume, preoperative hypopituita-
rism, and SSTR2 mRNA level. Tumor volume (p = 0.021), 
maximum tumor diameter (p < 0.001), and SSTR2 mRNA 
level (p < 0.001) were independent factors of tumor inva-
sion. The results of univariate and multivariate analyses 
associated with tumor invasion are listed in Supplemental 
Table 1.

Using ROC curve analysis to evaluate the value of 
SSTR2, we found that the low mRNA level of SSTR2 in 
tumors was closely associated with tumor invasion, with 
an area under the curve (AUC) of 0.805 (95% CI 0.715–
0.877, p < 0.0001) (Fig. 2).

IHC Results
Because of the relative higher mRNA levels, SSTR2 

and SSTR5 underwent further investigation for differen-
tial protein expression by IHC staining. The results are 
demonstrated in Table 3. When compared with the non-
invasive group, tumor samples from the invasive group 
had relatively lower SSTR2 expression. The final score 
for SSTR2 expression in the invasive group was 4.75 ± 
3.27, lower than 7.91 ± 3.04 in the noninvasive group (p 
< 0.001); 11 (30.6%) patients had high expression in the 
invasive group and 30 (69.8%) had high expression in the 
noninvasive group (p = 0.001). However, there was no 
significant difference in SSTR5 expression between two 
groups regarding the percentage of positive cells or the 
intensity of positive staining. Representative SSTR2 and 
SSTR5 IHC images are shown in Fig. 3.

Evaluation of Whether Preoperative SSA Short-Term 
Therapy Could Influence the Expression of SSTR2

Given that the proportion of patients with preopera-
tive SSA therapy in the invasive group was higher than 
that in the noninvasive group, to test whether SSA treat-
ment can influence the expression level of SSTR2, we 
further investigated differential expressions at the levels 
of SSTR2 mRNA and protein in patients with and with-
out SSA therapy between two groups and in patients with 
noninvasive and invasive tumors between the SSA thera-
py group and non-SSA therapy group. The results dem-
onstrated that the SSTR2 mRNA and protein expressions 
in patients with SSA treatment were significantly higher 
in the noninvasive group than in the invasive group (p < 
0.001 and p = 0.002, respectively) (Fig. 4A). The SSTR2 
mRNA and protein levels in patients without preopera-
tive SSA treatment were also higher in the noninvasive 
group compared with the invasive group but without dif-
ference in protein expression (p < 0.001 and p = 0.491, 
respectively) (Fig. 4B). However, there were no significant 
differences in the SSTR2 mRNA and protein levels be-
tween SSA therapy group and non-SSA therapy group, 
including patients in the invasive group (p = 0.885 and p 
= 0.243, respectively) (Fig. 4C) and the noninvasive group 
(p = 0.224 and p = 0.925, respectively) (Fig. 4D). These 
results indirectly indicated that short-term treatment with 

preoperative SSAs might not cause down- or upregulation 
of SSTR2 expression.

Correlation Between Response to Preoperative SSAs 
Therapy and Tumor Invasion

The above results revealed that the SSTR2 level was 
negatively correlated with tumor invasion. We therefore 
further investigated the correlation between pharmaco-
logical response to preoperative SSA therapy and tumor 
invasion. In our cohorts, 57 patients received SSA therapy 
before surgery, including 24 (44.4%) patients in the nonin-
vasive group and 33 (68.8%) patients in the invasive group 
(p = 0.014). The results showed that 34 patients (59.6%) had 
a good response to SSAs, including tumor response in 30 
(52.6%) patients and biochemical response in 29 (50.9%) 
patients. Interestingly, we also found that patients with 
noninvasive tumor tended to have a higher pharmacologi-
cal response than patients with invasive tumor (91.7% vs 
36.4%, p < 0.001) (Table 4). We therefore speculated that 
the mechanism of the poorer response to SSAs in invasive 
tumors was due to the lower level of SSTR2.

Moreover, we also compared the SSTR2 mRNA and 
protein levels, which were expressed significantly more in 
the SSA responder group than in the SSA nonresponder 
group. (qRT-PCR: p < 0.01 [Supplemental Fig. 1]; and IHC 
analysis: p = 0.049 [Supplemental Table 2]).

Discussion
In this study, we demonstrated that patients with in-

vasive tumors had less favorable response rates to SSA 
therapy. We also showed that tumor invasion is inversely 
correlated with expression levels of SSTR2. It has been 

FIG. 2. ROC curve analysis for SSTR2 mRNA on evaluating tumor inva-
sion. The low mRNA level of SSTR2 in tumors was closely associated 
with tumor invasion (AUC = 0.805, p < 0.0001). Figure is available in 
color online only.
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observed that SSAs have a greater affinity for binding to 
SSTR2 as opposed to SSTR5.26 Previous research has es-
tablished a significant correlation between a positive re-
sponse to SSAs and the level of SSTR2 expression.15,27 Our 

study has demonstrated and highlighted the importance of 
SSTR2 in relation to tumor invasion.

SSTRs, considered important pharmacological targets, 
have been used to study the response to SSAs.18,20 How-

TABLE 3. Immunohistochemical results of SSTR2 and SSTR5 in the noninvasive and invasive groups

Immunohistochemical Score Total (n = 79) Noninvasive Group (n = 43) Invasive Group (n = 36) p Value

SSTR2 <0.001
  % positive cells
    Score 1 8 (10.1) 0 (0) 8 (22.2)
    Score 2 13 (16.5) 4 (9.3) 9 (25)
    Score 3 13 (16.5) 7 (16.3) 6 (16.7)
    Score 4 45 (56.9) 32 (74.4) 13 (36.1)
  Intensity of staining 0.005
    Score 1 25 (31.6) 7 (16.3) 18 (50)
    Score 2 36 (45.6) 23 (53.5) 13 (36.1)
    Score 3 18 (22.8) 13 (30.2) 5 (13.9)
  Final score 0.001
    Low expression (score ≤6) 38 (48.1) 13 (30.2) 25 (69.4)
    High expression ( score >6) 41 (51.9) 30 (69.8) 11 (30.6)
SSTR5 0.775
  % positive cells
    Score 1 15 (19.0) 7 (16.3) 8 (22.2)
    Score 2 14 (17.7) 7 (16.3) 7 (19.4)
    Score 3 26 (32.9) 14 (32.6) 12 (33.3)
    Score 4 24 (30.4) 15 (34.9) 9 (25)
  Intensity of staining 0.555
    Score 1 29 (36.7) 14 (32.6) 15 (41.7)
    Score 2 38 (48.1) 21 (48.8) 17 (47.2)
    Score 3 12 (15.2) 8 (18.6) 4 (11.1)
  Final score 0.245
    Low expression (score ≤6) 54 (68.4) 27 (62.8) 27 (75)
    High expression (score >6) 25 (31.6) 16 (37.2) 9 (25)

Values are presented as the number of patients (%).

FIG. 3. Representative images of IHC staining (DAB stain) in tumors. A–D: SSTR2 stains were negative, light-yellow, brown-
yellow, and brown, respectively. E–H: SSTR5 stains were negative, light-yellow, brown-yellow, and brown, respectively. Original 
magnification ×400. Figure is available in color online only.
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ever, the effect of SSTRs on tumor invasion has been sel-
dom investigated. At our center, we found that patients 
with invasive tumors usually showed a poorer response to 
preoperative SSA therapy. This led us to hypothesize that 
differential expression of SSTRs might be related to tumor 
invasion. In this study, we first evaluated SSTR expression 
using a qRT-PCR technique in tumor samples obtained 
from 102 acromegaly patients with somatotropinomas and 
found that they expressed low mRNA levels of SSTR1 
and SSTR3 in agreement with previous studies.14,15,20 
Meanwhile, our qRT-PCR results revealed no difference 
in SSTR1 and SSTR3 mRNA levels between the inva-
sive and noninvasive groups. The protein expressions of 
SSTR1 and SSTR3 were not further investigated by IHC 
analysis in our study, as previous studies have shown that it 
is not a reliable method of detection of the proteins.20 IHC 
analysis of SSTR2 and SSTR5 was also not performed 
in 23 cases because of the lack of sufficient tumor tissue. 
We observed that, in general, mRNA and protein levels of 
SSTR2 were significantly lower in invasive tumors than in 

noninvasive tumors. However, the other SSTRs (SSTR1, 
SSTR3, and SSTR5) were not associated with tumor in-
vasion. Furthermore, multivariate and ROC analyses indi-
cated that the low mRNA level of SSTR2 in tumors was 
an independent factor and a sensitive indicator of tumor 
invasion. Intriguingly, we also discovered that there was 
a significant negative correlation between SSTR2 mRNA 
expression level and tumor size.

Medical therapy is important for preoperative tumor 
shrinkage and reduction of GH levels; however, its im-
portance and effectiveness are widely debated.6,28 Multi-
center studies have shown that the efficacy rates for SSAs 
range from 25% to 30%; however, many patients did not 
respond to SSA treatment.29,30 Consequently, determining 
the correct SSA therapy for patients has been a challenge 
for clinicians. Our recent study revealed that preoperative 
SSA therapy does not improve BR rates in noninvasive tu-
mors because the tumors are relatively easy to remove.31 
In our cohort, 59.6% patients had a good pharmacological 
response, with tumor volume response and biochemical 

FIG. 4. Comparison results of the SSTR2 mRNA (left) and protein expression (right) in tumor samples. A: Comparisons in patients 
with SSA therapy between the noninvasive and invasive groups. B: Comparisons in patients without SSA therapy between the 
noninvasive and invasive groups. C: Comparisons in patients with invasive tumor between non-SSA therapy and SSA therapy. 
D: Comparisons in noninvasive group between non-SSA therapy and SSA therapy. Mann-Whitney U-test. Bars represent mean ± 
SEM. **p < 0.01; ***p < 0.001. Figure is available in color online only.

TABLE 4. Comparison of pharmacological response between the noninvasive and invasive groups

Response to SSAs
No. of Patients (%)

p ValueTotal (n = 57) Noninvasive Group (n = 24) Invasive Group (n = 33)

Tumor response <0.001
  Positive response 30 (52.6) 21 (87.5) 9 (27.3)
  Negative response 27 (47.4) 3 (12.5) 24 (72.7)
Biochemical response <0.001
  Positive response 29 (50.9) 20 (83.3) 9 (27.3)
  Negative response 28 (49.1) 4 (16.7) 24 (72.7)
Total response <0.001
  Positive response 34 (59.6) 22 (91.7) 12 (36.4)
  Negative response 23 (40.4) 2 (8.3) 21 (63.6)
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response being 52.6% and 50.9%, respectively, showing 
a positive response rate that was consistent with a recent 
study.28 Interestingly, the positive response to SSA thera-
py was only 36.4% in the invasive group. Therefore, we 
advise caution when prescribing preoperative SSA thera-
py for patients. As IHC analysis and qRT-PCR of SSTR2 
are convenient and effective methods of evaluating the re-
sponse to SSA therapy, we feel that qRT-PCR and IHC 
analyses should be used routinely as part of the postoper-
ative investigative workup. For patients with postoperative 
residual tumor, SSA therapy use should not be universal 
but considered for patients with higher SSTR2 expression 
in tumor tissue, particularly invasive somatotroph tumors. 
In patients with lower SSTR2 expression, radiation thera-
py may be a superior option.

In this study, we also evaluated whether preoperative 
short-term SSA therapy could influence the expression 
level of SSTR2. Given that the number of patients who had 
preoperative SSA therapy in the invasive group was high-
er than the noninvasive group, patients were divided into 
different groups and compared to minimize the influence 
caused by sampling. Our results showed that there were no 
significant differences in mRNA and protein expression 
of SSTR2 between patients with SSA therapy and those 
without SSA therapy in both the invasive group (Fig. 4C) 
and the noninvasive group (Fig. 4D). Additionally, there 
were also differential expressions of SSTR2 between the 
invasive and noninvasive groups, except that the differen-
tial protein expression was not detected in patients without 
SSA therapy because of the small population size that un-
derwent IHC analysis (p = 0.491, Fig. 4B). Results from this 
study suggest that short-term therapy using preoperative 
SSAs may not affect SSTR2 expression, which is inconsis-
tent with what has been observed in other studies.32,33 The 
impact of preoperative SSA treatment on SSTR2 expres-
sion over time has been less well studied, and determining 
baseline SSTR2 levels before surgery remains a challenge. 
Few patients met the positive response criteria of IGF-1 af-
ter a short course of SSA therapy, although IGF-1 reduc-
tion was also considered as an indicator.20 Most positive re-
sponders had a significant reduction in GH and tumor size.

Despite advancements in surgical equipment and tech-
niques, the rates of GTR and BR after surgery are still un-
satisfactory due to the complexity of growth patterns, es-
pecially in acromegaly patients with invasive somatotroph 
tumors.34–37 Tumors may invade surrounding structures 
including the sphenoid sinus, CS, and clivus bone.38,39 The 
Knosp grade for pituitary neuroendocrine tumors is the 
most widely used to evaluate tumor invasion and has been 
shown to correlate with the possibility of achieving GRT 
and BR.23,36,40,41 Knosp grade 3 or 4 tumors may invade the 
posterior and lateral areas of the CS and might be difficult 
to resect because of overlying and surrounding neurovas-
cular structures and therefore result in residual tumor.42 In 
addition, some Knosp grade 0–2 tumors may also be in-
vasive and can infiltrate the sphenoid sinus or clivus bone, 
leading to postoperative nonremission despite achieving 
GTR.31,36 Therefore, Hardy grade III or IV tumors were 
also classified as invasive in this study.

To the best of our knowledge, this is the first study to 
demonstrate a relationship between SSTR expression and 

invasion of somatotropinomas. Coincidentally, recent stud-
ies have indicated a significant association between a low 
expression of dopamine D2 receptor and tumor invasion.43 
The exact mechanism of SSTR2 affecting tumor invasion 
is still unclear and should be investigated in future studies.

Limitations
Several limitations should be considered. First, the data 

in this study were from a single medical center; a future 
multicenter study may generate different conclusions. Sec-
ond, after transsphenoidal surgery, some acromegaly pa-
tients (approximately 20%) may experience delayed remis-
sion over a longer period of time;31,44 however, our study 
only included a small number (16 patients) who were fol-
lowed up for 3 months, which may have had a minor effect 
on the result of long-term endocrine remission. Third, the 
3-month treatment time in the evaluation of the positive 
response to preoperative SSA treatment seems to be a little 
short; it would be interesting to know the response effect 
to SSAs over long-term treatment and follow-up. Further 
research could be conducted on surgical patients who have 
received medical treatment for more than 6 months to 
evaluate the positive response to SSAs. Finally, the Knosp 
grade has a limitation when evaluating tumor invasion; 
some lower-grade (0–2) tumors may also be invasive and 
can infiltrate the medial wall of the CS or clivus bone or 
intracranial invasion, while few grade 3 tumors may be 
noninvasive only because of their growth patterns.

Conclusions
Our study reveals that the invasiveness of somatotropi-

nomas was negatively associated with SSTR2 expression, 
but not with SSTR1, SSTR3, and SSTR5. Patients with 
invasive tumors have a poorer response to SSA therapy 
than patients with noninvasive tumors, and this could be 
due to a low level of SSTR2 expression. Therefore, it is 
recommended that SSTR2 expression, especially for inva-
sive somatotropinomas, should be routinely examined to 
select the most suitable therapeutic strategies (medication 
or radiation therapy) in case a postoperative residual tumor 
is present.
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