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Context

Acromegaly is caused by somatotroph tumors. Recently, the WHO recommended the use of transcription factors (TFs) together with pituitary hormones to accurately classify the subtypes.





Objective

This study aims to evaluate differences in the clinical and prognostic characteristics of acromegaly patients with different pathological types.





Methods

A retrospective study was conducted on 94 acromegaly patients who underwent surgical treatment. Patients were classified into two groups on the basis of TFs expression by IHC. PIT1 tumors were positive only for PIT1, and PIT1/SF1 tumors were positive for both PIT1 and SF1. Additionally, on the basis of the expression of GH and PRL by IHC, PIT1 tumors were further subdivided into GH positive tumors (those positive for only GH) and GH/PRL positive tumors (those positive for both GH and PRL). Differences in clinical and prognostic features among the pathological groups were evaluated.





Results

PIT1/SF1 tumors represented 30.9% (n = 29) of the acromegaly patients in this cohort. PIT1/SF1 tumors had a higher baseline IGF-1 index (2.77 ± 0.73 vs. 2.39 ± 0.74, P = 0.024) than PIT1 tumors. Despite the higher proportion of postoperative GH < 1 μg/L, the biochemical remission rate of PIT1/SF1 tumors (30.8% vs. 27.6%, P = 0.812) was similar to that of PIT1 tumors. Compared with those with GH positive tumors, patients with GH/PRL positive tumors were younger at diagnosis (42.50 ± 13.36 vs. 49.05 ± 11.69, P = 0.046), and the proportion of male patients was higher (50.0% vs. 23.3%, P = 0.048). Furthermore, patients with GH/PRL positive tumors had a significantly higher postoperative GH level [7.30 (3.18–11.08) vs. 2.49 (1.57–6.84), P = 0.011] and IGF-1 index (1.82 ± 0.94 vs. 1.31 ± 0.63, P = 0.011) during follow-up. The biochemical remission rate in GH/PRL positive tumors was lower, but the difference was not statistically significant (18.2% vs. 37.2%, P = 0.159).





Conclusion

PIT1/SF1 tumors represent approximately 30.0% of acromegaly patients. Despite higher baseline IGF-1 levels, the clinical and prognostic features of patients with PIT1/SF1 tumors are similar to those of patients with PIT1 tumors. GH/PRL positive tumors, characterized by their earlier age at diagnosis and male predominance, tend to exhibit a lower biochemical remission rate compared to GH positive tumors.
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Introduction

Acromegaly is a chronic systemic disease characterized by elevated growth hormone (GH) and insulin-like growth factor 1 (IGF-1) levels (1). Chronic excess GH and IGF-1 lead to multisystemic complications, including cardiovascular disease, osteoarthropathy, and metabolic disorders (2). More than 99% of acromegaly cases are attributed to pituitary somatotroph adenomas (3). According to the WHO classification of pituitary adenoma (PA), which is based primarily on the expression of pituitary hormones detected by immunohistochemistry (IHC), somatotroph adenomas are categorized as densely granulated somatotroph adenoma, sparsely granulated somatotroph adenoma, mammosomatotroph adenoma, or mixed somatotroph and lactotroph adenoma (4). With further studies on the pathogenesis and biological behavior of PAs, the proposal to change the nomenclature from PA to pituitary neuroendocrine tumor (PitNET) was adopted (5). Recently, the WHO updated the classification and recommended the use of pituitary transcription factors (TFs) and pituitary hormones to determine cell lineages for the subclassification of PitNETs (6). PIT1 (pituitary transcription factor 1), encoded by the POU1F1 gene, determines the differentiation of somatotrophs, lactotrophs, and thyrotrophs. SF1 (steroidogenic factor 1), encoded by the NR5A1 gene, regulates gonadotroph cell differentiation. TPIT (T-box pituitary transcription factor), encoded by the TBX19 gene, is responsible for the development of corticotroph cells.

Pituitary TFs play crucial roles in determining the differentiation of adenohypophyseal stem cells and accurately classifying the subtypes of PitNETs (6). With the routine application of TFs, studies have reported few acromegaly patients harboring atypical tumors that stain positive for both PIT1 and SF1 (PIT1/SF1 tumors) (7–9). Few studies on PIT1/SF1 tumors have been conducted and the clinical and prognostic characteristics of these tumors remain uncertain. Additionally, approximately 16–27% of acromegaly patients present elevated GH and prolactin (PRL) levels (10). The GH and PRL cosecreting tumors have garnered increased attention in recent years. However, the definition and prognosis of these tumors are still controversial.

To address these knowledge gaps, we retrospectively reviewed medical records and conducted a comprehensive comparative analysis between PIT1/SF1 and PIT1 tumors in a large cohort of operated acromegaly patients. Furthermore, according to the 2022 WHO classification of PitNETs, acromegaly patients harboring PIT1 tumors were further categorized on the basis of the expression of GH and PRL by IHC. In this study, we aimed to assess the differences in the demographic, imaging, pathological, metabolic, and prognostic features of acromegaly patients with different pathological types.





Materials and methods




Patients and inclusion criteria

We retrospectively reviewed the clinical data of acromegaly patients who underwent surgical treatment at Nanjing Drum Tower Hospital between January 2017 and May 2024. The diagnostic criteria for acromegaly were as follows (11): (1) characteristic clinical signs and symptoms related to excessive GH and IGF-1; (2) nadir GH > 1.0 μg/L during an oral glucose tolerance test (OGTT); and (3) IGF-1 levels above the upper limit of normal (ULN) adjusted for age. Patients who met the following criteria were included: (1) newly diagnosed with acromegaly who underwent surgery for somatotroph tumors; (2) sufficient preoperative and postoperative demographic, imaging, pathological, metabolic, hormonal, and prognostic data; and (3) regular follow-up at least three months after surgery. Patients who had undergone surgery, medical therapy (somatostatin receptor ligand, dopamine agonist, or GH receptor antagonist) or radiotherapy for tumors prior to hospital admission were excluded from the study.





Endocrinological evaluation and biochemical remission after the operation

All patients underwent an OGTT after an overnight fast for the diagnosis of acromegaly and assessment of glucose metabolism status. Blood samples were simultaneously collected to measure plasma glucose, insulin, and serum GH levels at 0, 30, 60, 90, and 120 minutes after the oral administration of 75 g of glucose. The nadir GH level was defined as the lowest GH level measured during the OGTT. Abnormal glucose metabolism includes impaired fasting glucose, impaired glucose tolerance, and diabetes mellitus (12). The homeostasis model assessment (HOMA) was utilized to evaluate insulin resistance and pancreatic β-cell function (13, 14).

The samples were also submitted to the same laboratory for the measurement of biochemical parameters and hormone levels. Serum GH levels were determined with a two-site chemiluminescent immunometric assay (Immulite 2000, Siemens Healthcare Diagnostics Products Limited) with a detection range of 0.05–40 μg/L and an analytical sensitivity of 0.01 μg/L. Serum IGF-1 levels were measured with a solid-phase chemiluminescent immunometric assay (Immulite 2000, Siemens Healthcare Diagnostics Products Limited) with a detection range of up to 1000 ng/mL. To ensure that the IGF-1 levels were comparable between patients, the IGF-1 index was used to standardize the IGF-1 levels. IGF-1 index= IGF-1/ULN adjusted for age. In particular, the normal range of PRL varies by sex, being 2.1–17.7 μg/L for men, 2.8–29.2 μg/L for premenopausal and nonpregnant women, 9.7–208.5 μg/L for pregnant women, and 1.8–20.3 μg/L for postmenopausal women.

Postoperative GH was defined as random serum GH within one day after surgery. Biochemical remission was defined as a random serum GH < 1.0 μg/L with normalization of serum IGF-1 adjusted for age at three months after surgery (11).





Imaging evaluation

To evaluate the imaging characteristics of tumors preoperatively and postoperatively, each patient underwent enhanced 3.0 T magnetic resonance imaging (MRI). Data on the maximum diameter of the tumor, compression of the optic nerve, invasion of the cavernous sinus, and internal carotid artery were obtained and recorded. Based on the maximum diameter, pituitary adenomas were categorized as microadenomas (< 1 cm) or macroadenomas (≥ 1 cm). The Knosp grade (grade 0–4) was determined from coronal sections of T1-weighted contrast-enhanced MRI images, and tumors were considered invasive if the Knosp grade was 3 or 4.





Pathology

The resected tissue was immediately fixed in 10% buffered formalin and subsequently embedded in paraffin. Blocks were cut into 3–4 µm paraffin sections and then stained with hematoxylin and eosin. IHC staining of the sections was uniformly performed on an automated IHC system (Ultra 60, ZSGB-Bio Co., Ltd., CHN). Immunohistochemical analysis was conducted for cytokeratin, the proliferation marker Ki-67 and hormonal markers, including GH, PRL, thyroid-stimulating hormone (TSH), luteinizing hormone (LH), follicle-stimulating hormone (FSH) and adrenocorticotropic hormone (ACTH) for each tumor. Antibodies against PIT, SF1, and TPIT (all monoclonal, prediluted, ZSGB-Bio Co., Ltd., CHN) were used to detect TF expression in the tumor samples. The sections were reviewed by a board-certified neuropathologist who was blinded to the patients’ medical records.

On the basis of the expression of TFs by IHC, acromegaly patients were classified into two groups: PIT1 tumors (defined as a positive stain only for PIT1) and PIT1/SF1 tumors (defined as a positive stain for both PIT1 and SF1). Additionally, on the basis of GH and PRL expression by IHC, PIT1 tumors were further subdivided into GH positive tumors (those positive for only GH) and GH/PRL positive tumors (those positive for both GH and PRL). Specifically, tumors in which PRL staining was positive in more than 10% of the cells were classified as PRL positive (15). GH positive tumors, also known as somatotroph tumors, include densely granulated somatotroph tumors and sparsely granulated somatotroph tumors. Multiple types of PIT1 lineage PitNETs can manifest as acromegaly and stain positive for both GH and PRL by IHC, including mammosomatotroph tumors (MSTs), mixed somatotroph and lactotroph tumors (MSLTs), and acidophil stem cell tumors. Given that precise differentiation between these tumor subtypes relies on electron microscopy, they were grouped together into GH/PRL positive tumor group.





Statistical analysis

Statistical analyses were conducted with SPSS (version 27.0, IBM, USA), and graphs were generated with GraphPad Prism (version 9.1.0.221, GraphPad, USA). Continuous variables are expressed as the mean ± standard deviation for normally distributed data or as median with interquartile range (IQR) for nonnormally distributed data. Student’s t test and the Mann–Whitney U test were performed for between-group comparisons. Categorical variables are presented as numbers and percentages and were compared by means of the chi-square test or Fisher’s exact test. A two-tailed P < 0.05 was considered to indicate statistically significant differences.






Results




Patient characteristics

In total, 109 acromegaly patients who underwent surgery were enrolled in the study, 12 patients were excluded because of insufficient medical records, and 3 patients were excluded due to a short follow-up (less than three months after surgery). Finally, 94 patients were included in the analysis. The characteristics of these patients at baseline are summarized in Table 1. The average age at diagnosis was 47.37 ± 12.25 years, with a median disease duration of 60 months. There were 64 female patients (68.1%), and the vast majority of patients (80.9%) harbored macroadenomas. At baseline, the median random GH level was 11.45 μg/L (IQR 7.05–29.23), and the nadir GH level during the OGTT was 9.34 μg/L (IQR 5.27–27.30). The mean IGF-1 index in these patients was 2.51 ± 0.75.


Table 1 | General and clinical characteristics of acromegaly patients at baseline.







Clinical characteristics and treatment outcomes of patients with PIT1 and PIT1/SF1 tumors

All tumors were positive for PIT1 and negative for TPIT. Notably, 29 tumors stained positive for both PIT1 and SF1. Therefore, on the basis of the expression of TFs by IHC, patients were classified into PIT1 and PIT1/SF1 tumors. PIT1 tumors accounted for 69.1% (n = 65) of patients, whereas PIT1/SF1 tumors accounted for the other 30.9%. Figure 1 shows the histological appearance and immunostaining profile of a representative PIT1/SF1 tumor.




Figure 1 | Histological appearance and immunostaining profile of a PIT1/SF1 tumor. The tumor was composed of a monomorphic cell population with abundant eosinophilic cytoplasm on hematoxylin and eosin stain (A). Tumor cells exhibited intense nuclear reactivity for PIT1 (B) and SF1 (C) but were negative for TPIT (D). Immunostaining for GH was obviously and diffusely positive (E), whereas immunostaining for PRL (F), FSH (G) and LH (H) was negative. Some tumor cells displayed a perinuclear positivity pattern on CK immunostaining, whereas others presented fibrous bodies in the cytoplasm (I). All microphotographs were performed on magnification ×200.



As shown in Table 2, there were no significant differences in demographic characteristics, including age at diagnosis, sex distribution, BMI and disease duration, between the two groups. The PIT1 tumors did not differ from the PIT1/SF1 tumors in terms of tumor diameter or the proportions of macroadenomas and invasive tumors (Knosp grade 3–4). Since SF1 regulates gonadotroph cell differentiation, we assessed the expression of FSH and LH in these tumors. Only 2 of 29 tumors in the PIT/SF1 group stained positive for FSH or LH, while the expression of these hormones was absent in the PIT1 tumors. Pathological studies revealed that PIT1/SF1 tumors more frequently displayed a perinuclear cytokeratin pattern than PIT1 tumors (86.2% vs. 52.3%, P = 0.002), whereas few PIT1/SF1 tumors presented fibrous bodies in the cytoplasm. The glucose metabolism status and pancreatic β-cell function, as evaluated by HOMA-β, were similar in the two cohorts. Moreover, no differences in the incidence of abnormal glucose metabolism or hypertension were found between PIT1 and PIT1/SF1 tumors.


Table 2 | Clinical characteristics and treatment outcomes of patients with PIT1 and PIT1/SF1 tumors.



Before surgery, although baseline random GH and nadir GH levels during the OGTT did not significantly differ among the groups, we observed that PIT1/SF1 tumors had a higher IGF-1 level [675.00 (538.00–804.50) vs. 593.00 (476.00–741.00), P = 0.094] and mean IGF-1 index (2.77 ± 0.73 vs. 2.39 ± 0.74, P = 0.024) than PIT1 tumors at baseline. After surgery, the serum GH levels were significantly decreased, and the proportion of postoperative GH < 1 μg/L among the PIT1/SF1 tumors was higher than that among the PIT1 tumors (34.5% vs. 12.3%, P = 0.021). However, the differences in the biochemical remission rates did not reach significance (30.8% vs. 27.6%, P = 0.812). More details regarding treatment outcomes are listed in Table 2.





Clinical characteristics and treatment outcomes of patients with GH positive and GH/PRL positive tumors

PIT1 tumors were further subdivided into GH positive and GH/PRL positive tumors on the basis of the expression of GH and PRL by IHC. Forty-three patients (66.2%) had GH positive tumors, whereas 22 patients (33.8%) had GH/PRL positive tumors. Figure 2 illustrates the patterns and incidences of these subgroups. Moreover, we further characterized the GH and PRL staining profiles of PIT1/SF1 tumors. Among 29 PIT1/SF1 tumors, 62.1% (n = 18) stained positive for only GH and 37.9% (n = 11) stained positive for both GH and PRL, which was similar to the staining profiles observed in the PIT1 tumors (62.1% vs. 66.2% P = 0.816).




Figure 2 | Distribution of acromegaly patients with different pathological types. On the basis of the expression of TFs by IHC, 94 acromegaly patients were classified into PIT1 tumors (n = 65) and PIT1/SF1 tumors (n = 29). Additionally, on the basis of the expression of GH and PRL by IHC, PIT1 tumors were further subdivided into GH positive tumors (n = 43) and GH/PRL positive tumors (n = 22).



The demographic, imaging, pathological, metabolic characteristics, and treatment outcomes of these patients are presented in Table 3. The age at diagnosis was lower in the GH/PRL positive tumors than in the GH positive tumors (42.50 ± 13.36 vs. 49.05 ± 11.69, P = 0.046). Moreover, the proportion of male patients in the GH/PRL positive tumors was higher than that in the GH positive tumors (50.0% vs. 23.3%, P = 0.048). In terms of imaging characteristics, no differences were found among the groups regarding tumor diameter or the prevalence of macroadenomas or invasive tumors. IHC staining of resected samples revealed that GH/PRL positive tumors more frequently exhibited a perinuclear cytokeratin pattern than GH positive tumors (86.4% vs. 34.9%, P < 0.001). With respect to metabolic comorbidities, we observed no significant difference in glucose metabolism parameters or the incidence of hypertension between the two groups.


Table 3 | Clinical characteristics and treatment outcomes of patients with GH positive and GH/PRL positive tumors.



Preoperative endocrine assessments revealed that the two groups had similar random GH levels, nadir GH levels, and IGF-1 index at baseline. As expected, hyperprolactinemia was more common in patients with GH/PRL positive tumors (54.5% vs. 20.9%, P = 0.011), and the median PRL level was significantly higher in the GH/PRL positive tumors than in the GH positive tumors [22.14 (12.36–91.90) vs. 10.50 (7.12–18.90), P = 0.001]. After surgery, the patients with GH/PRL positive tumors had significantly higher postoperative GH levels [7.30 (3.18–11.08) vs. 2.49 (1.57–6.84), P = 0.011] and IGF-1 index during follow-up (1.82 ± 0.94 vs. 1.31 ± 0.63, P = 0.011). Although there was no significant difference, patients with GH/PRL positive tumors tended to have a lower biochemical remission rate (18.2% vs. 37.2%, P = 0.159) than patients with GH positive tumors.






Discussion

To our knowledge, this is the first study to systematically investigate the clinicopathological characteristics and treatment outcomes of acromegaly patients with PIT1/SF1 tumors. Additionally, PIT1 tumors were further subdivided into GH positive and GH/PRL positive tumors on the basis of the expression of GH and PRL by IHC, and the clinical and prognostic characteristics of the groups were compared. The results indicated that 1) PIT1/SF1 tumors, as a specific subtype of plurihormonal tumors, were not rare and represented approximately 30.0% of the acromegaly patients in this cohort. Furthermore, despite higher baseline IGF-1 levels, the demographic, imaging, metabolic, and prognostic features of patients with PIT1/SF1 tumors were similar to those of patients with PIT1 tumors in the context of acromegaly. 2) Compared with those with GH positive tumors, patients with GH/PRL positive tumors, characterized by their earlier age at diagnosis and male predominance, tended to exhibit a lower biochemical remission rate.

Acromegaly is a heterogeneous disease with complex pathological subtypes. The WHO classification categorizes tumors composed of a single cell population expressing multiple TFs as plurihormonal tumors (6). PIT1/SF1 tumors, the main subtype of plurihormonal tumors in acromegaly, were previously considered rare (8). Based on pangenomic analysis of 134 PitNETs, Neou et al. first reported that the gonadotroph marker NR5A1, which encodes SF1, was also expressed in GNAS wild-type somatotroph tumors (16). Rymuza et al. subsequently analyzed the RNA sequencing and genome-wide DNA methylation results of 48 somatotroph tumors and confirmed that there was a group of tumors co-expressing NR5A1 (17, 18). Recently, Dottermusch et al. summarized previous research and proposed the term “somatogonadotroph PitNET” for tumors with PIT1/SF1 co−expression (19).

The incidence of PIT1/SF1 tumors varies across studies and ranges from 0.5% to 8% in studies conducted on all types of pituitary adenomas with or without function (20, 21). Dottermusch et al. first reported that 52% of somatotroph tumors stained positive for PIT1 and SF1 (19). In our cohort, PIT1/SF1 tumors accounted for approximately 30.0% of acromegaly patients, which is lower than the prevalence reported in prior study. Geographic and ethnic disparities and the divergence of the study subjects may have contributed to this difference (22). The Dottermusch et al. study solely focused on somatotroph tumors and excluded MSTs and MSLTs, whereas in our study, we included all of the above. Therefore, strict inclusion criteria may inflate the prevalence of PIT1/SF1 tumors, and further studies are necessary to validate our findings.

To date, there have been few studies in which the clinicopathological features of acromegaly patients with PIT1/SF1 tumors were investigated. One study by a Chinese neurosurgical team revealed that PIT1/SF1 tumors exhibited more aggressive behavior and had a poorer prognosis (more postoperative complications but similar biochemical remission) than PIT1 tumors in a cohort of 215 PitNETs (21). Furthermore, the team retrospectively reviewed the clinical data of 193 patients with growth hormone-secreting pituitary adenoma (GHPA) and reported that the tumor sizes of GHPAs with multiple TF positivity were smaller and that these tumors were less invasiveness; however, the rate of hormonal remission was lower than that for GHPAs with only PIT1 positivity (23). In contrast to earlier findings, our results revealed that the clinical and prognostic features of patients with PIT1/SF1 tumors were similar to those of patients with PIT1 tumors. The discrepancy in the subjects significantly contributed to the differences between our study and other studies. In contrast to our study which focused on acromegaly, Wang et al. included nonfunctional adenomas, and the proportion of nonfunctional adenomas among PIT1/SF1 tumors was significantly higher than that among PIT1 tumors (40.4% vs. 18.2%, P = 0.003) (21). The study has shown that nonfunctional macroadenomas in surgically treated patients tended to have larger tumor diameters and be more invasive than GH macroadenomas (24). On the other hand, in the study by Zhang et al., GHPAs with multiple TF positivity included not only PIT1/SF1 tumors (63.5%) but also PIT1/TPIT tumors (28.8%) and PIT1/SF1/TPIT tumors (7.7%). As mentioned in the discussion, the expression of ACTH in GHPAs with multiple TF positivity may lead to a poorer prognosis (23). Furthermore, SF1 tumors frequently manifest as nonfunctional tumors with normal serum FSH and LH levels (6). Consequently, PIT1/SF1 tumors typically present with clinical manifestations related only to excess GH in acromegaly (25, 26). The above evidence also supports our findings.

For the first time, we found that acromegaly patients with PIT1/SF1 tumors had significantly higher baseline IGF-1 levels than patients with PIT1 tumors. We suspect that the gastric inhibitory polypeptide receptor (GIPR) plays a role in it. Upon binding GIP, GIPR activates the signaling pathway and ultimately promotes GH synthesis and secretion (27). Therefore, GIPR+ somatotroph adenomas had higher baseline serum IGF-1 levels than GIPR- adenomas (28). Recent research has demonstrated that SF1 is closely correlated with GIPR (29). Consistent with prior research, Rymuza et al. reported that GIPR-high somatotroph tumors also highly expressed NR5A1 and concluded that activated GIPR related signaling pathways triggered the expression of NR5A1 (17). Collectively, the high expression of GIPR in PIT1/SF1 tumors may account for higher IGF-1 levels than in PIT1 tumors in acromegaly.

GH and PRL cosecreting tumors have emerged as a focus in recent years, but the precise definition of these tumors is still lacking in the current literature. Some previous studies classified somatotroph tumors with hyperprolactinemia as GH and PRL cosecreting tumors (10, 30), whereas other authors considered cosecreting tumors when tumors stained positive for both GH and PRL by IHC (31–33). In the latest multicenter retrospective study conducted on 604 acromegaly patients, the authors suggested that cosecreting tumors should be considered when the tumors stained positive for GH and PRL with elevated PRL levels or serum PRL levels above 100 ng/dL, regardless of the IHC result of PRL (34). The limitation of the above inclusion criteria, as noted by Wildemberg et al., is that some somatotroph tumors with intratumoral PRL expression in up to 5% of cells have elevated PRL levels due to the stalk effect, and some patients with GH/PRL positive tumors may not present with hyperprolactinemia (35). Given that the 2022 WHO classification recommends categorizing PitNETs on the basis of pituitary TFs combined with classical pituitary hormones and the cutoff of 10% for PRL positive cells favors the diagnosis of somatolactotroph tumors (36), we consider the PIT1 tumor to be a GH/PRL positive tumor when more than 10% of cells are positive for PRL by IHC.

This study is the first to evaluate the clinical and prognostic characteristics of GH/PRL positive tumors in the context of PIT1 positivity. In accordance with previous studies (10, 30, 34), we found that patients with GH/PRL positive tumors were younger at diagnosis than those with GH-positive tumors and predominantly male. Moreover, there is a debate regarding the tumor size and invasiveness of GH/PRL positive tumors. Some studies reported that these tumors were larger and more invasive (30, 34), while others did not find a difference (31, 32). In our series, no differences were found in tumor diameter or the prevalence of invasive tumors between GH/PRL positive and GH positive tumors. The possible reason for this discrepancy is the varying proportions of MSLTs among the subjects in different studies. Lv et al. demonstrated that MSLTs were aggressive tumors characterized by a larger tumor size, greater invasiveness, and worse biochemical remission (33). We hypothesize that the proportion of MSLTs is lower in our series.

Whether somatotroph tumors cosecreting PRL affect biochemical remission remains controversial (37). Araujo and Wang (10, 34) detected no difference in biochemical remission rates between GH/PRL positive and GH positive tumors. In contrast, a worse prognosis in patients with GH/PRL positive tumors has been reported in other studies (38). Our results revealed that patients with GH/PRL positive tumors had significantly higher IGF-1 levels during follow-up and tended to exhibit a lower biochemical remission rate than those with GH positive tumors, although the difference was not significant. Differences across studies probably resulted from the divergence of study subjects, remission criteria, and follow-up durations. Therefore, patients with GH and PRL stained tumors seem to require more time to achieve long-term biochemical remission (31), and we suggest that patients with these tumors require a close follow-up.

The current study has some limitations. As a single-center retrospective study, it was subject to the inherent limitations of retrospective analysis and possibly led to selection bias compared with multicenter research. Additionally, the relatively small sample size was a major limitation of our study. A considerable number of patients were excluded from the study because of insufficient medical records. Furthermore, the short follow-up duration also limits our ability to assess long-term prognosis. Multicenter prospective studies with long follow-up are needed to evaluate the clinical and prognostic characteristics of patients with different pathological types in acromegaly.





Conclusion

PIT1/SF1 tumors, as a specific subtype of plurihormonal tumors, are not rare among acromegaly patients. Additional studies are necessary to clarify whether PIT1/SF1 tumors have distinctive clinical and prognostic features in acromegaly. Patients with GH/PRL positive tumors differ from those with GH positive tumors in terms of clinical manifestations and prognosis, and these patients may require more attention during long-term follow-up.
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