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Background

Skeletal fragility is characterized by increased frequency of vertebral fractures (VFs) in acromegaly. Several trials were conducted to identify modifiable risk factors and predictors of VFs, with limited data on the prognostic role of GH receptor (GHR) isoforms. In this study, we investigated the potential role of GHR polymorphism on the occurrence of incidental VFs (i-VFs), in patients treated with second-line medical therapies.





Methods

A longitudinal, retrospective, observational study was conducted on a cohort of 45 acromegalic patients not-responsive to first-generation somatostatin receptor ligands (fg-SRLs) and treated with GHR antagonist (Pegvisomant) or with the second-generation SRLs (Pasireotide long-acting release).





Results

Second line treatments were Pegvisomant plus fg-SRLs in 26 patients and Pasireotide LAR in 19 patients. From the group treated with fg-SRLs+Peg-V, the fl-GHR isoform was identified in 18 patients (69.2%) and the d3-GHR isoform in 8 patients (30.8%). I-VFs arose exclusively in fl-GHR isoform carriers (p=0.039). From the group treated with Pasireotide LAR, the fl-GHR isoform was identified in 11 patients (57.9%), and the d3-GHR isoform in 8 patients (42.1%). I-VFs arose exclusively in d3-GHR isoform carriers (p=0.018). Patients with fl-GHR isoform had a higher risk for i-VFs if treated with fg-SRL+Peg-V (OR: 1.6 95%IC: 1.1-2.3, p=0.04), and a lower risk if treated with Pasi-LAR (OR: 0.26 IC95%: 0.11-0.66, p=0.038).





Conclusions

Our data support a predictive role of the GHR isoforms for the occurrence of i-VFs in acromegalic patients treated with second-line drugs, tailored to the individual patient. The knowledge of the GHR polymorphism may facilitate the choice of second-line therapies, improving the therapeutic approach, in the context of personalized medicine.
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1 Introduction

Acromegaly is a systemic disease, characterized by an autonomous overproduction of the growth hormone (GH) and of the insulin growth factor I (IGF-I), which can modulate and regulate bone metabolism (1), increasing bone turnover with the subsequent deterioration of cortical and trabecular bone structures, affecting bone quality and quantity and therefore increased risk of vertebral fractures (VFs) (2). Musculoskeletal disorders are emerging and not negligible acromegaly-related complications, involving up to 25–40% of patients (1–6), affecting the quality of life (QoL), in acromegalic patients (1). The risk of fractures is not completely normalized by the achievement of the biochemical control of acromegaly (7). The management of acromegaly-related skeletal fragility is still challenging since the prediction of VFs is uncertain. The higher levels of GH and IGF-I, the longer duration of active disease, the presence of pre-existing VFs and hypogonadism, the higher daily substitutive doses of hydrocortisone (or equivalent), and the absence of vitamin D supplementation, and diabetes mellitus were identified as the most relevant risk factors for skeletal fragility (2, 4, 5, 8–11).

The prevention of VFs in acromegaly remains an unresolved issue. The administration of vitamin D supplementation and bone active drugs may reduce the risk of the development of VFs (8, 12–15). In parallel, the treatment with GH/IGF-I lowering therapies (such as fg-SRLs, Pegvisomant and Pasireotide Lar) was proved to decrease the frequency of i-VFs in acromegaly through an indirect effect on bone metabolism, mediated by the reduction/normalization of circulating levels of IGF-I and/or GH (14, 15). The potential direct effects of GH/IGF-I lowering drugs on bone metabolism have not been fully clarified. A recent study proved that octreotide may inhibit murine primary osteoblasts and osteoblast cells proliferation through the action of somatostatin receptors (16). A subsequent study suggested that Pegvisomant may modulate osteoblast cell proliferation, differentiation, and mineralization, through GH action, rather than by a direct action of Pegvisomant on the osteoblast cell metabolism (17).

This study aims to deepen our knowledge of the genetic and cellular mechanisms involved in bone metabolism in acromegaly, by examining the potential predictive value of the GH receptor (GHR) isoforms on the occurrence of i-VFs. Until now, two isoforms of the GHR were reported: the wild-type or full-length form (fl-GHR), and the mutated/deleted isoform, which is characterized by the failure of the exon 3 transcription (d3-GHR). The exon 3 encodes a portion of the extracellular domain of the GHR (18–20), and its presence or absence results in a different affinity of its ligand: the GH (21). Therefore, the potential effect of GHR polymorphism on growth, height, weight, body composition, glucose, and lipid metabolism was investigated in several diseases, involving the secretion of GH and or IGF-I, such as the Prader-Willi syndrome, Turner syndrome, small for gestational age, and growth hormone deficiency (18, 22). Since then, the correlation between different GHR genotypes and systemic comorbidities in acromegalic patients has been examined by numerous studies, that were mainly focused on hypertension, obesity, diabetes mellitus type 2, colonic polyps, heart disease, obstructive sleep apnea syndrome, bone fragility, and heart disease (23–28), without reaching univocal findings. In acromegaly, the patients carrying the d3-GHR isoform showed a better clinical response to therapy with Pegvisomant (18, 24). Some studies have demonstrated that that acromegalic patients carrying the d3-GHR isoform had an increased prevalence of VFs, with respect to fl-GHR carriers (21).

To our knowledge, no studies have been designed and published until now to investigate the prognostic role of the GH receptor isoforms according to the different classes of medical treatments in acromegaly.

The primary objective of this pilot study was to compare the frequency of i-VFs according to the different GH receptor polymorphisms, in two groups of patients treated with second-line medical therapies: Pasireotide LAR or fg-SRLs plus Pegvisomant. As secondary objectives, we investigated the correlation between the occurrence of incidental vertebral fractures (i-VFs) and other known relevant risk factors for VFs such as gender, age at the diagnosis of acromegaly, serum GH and IGF-I level (at diagnosis, at the start of second-line therapies and at last follow-up), prevalent vertebral fractures (p-VFs), hypopituitarism, and doses of substitutive hydrocortisone (or equivalent), glucose metabolism, use of vitamin D supplementation and bone active drugs, in both groups of treatment.




2 Materials and methods

Study design: longitudinal, retrospective, observational, and monocenter study

Study population: Patients with acromegaly were consecutively included according to the following criteria.

The inclusion criteria were:

1. patients with active disease (with IGF-I values over the normal age-adjusted reference ranges, random GH of more than 1.0 mcgr/L and/or regrowth of tumor remnant) (15), after at least 6 consecutive months of therapy with first-generation somatostatin receptor ligands (fg-SRLs) at standard dose, followed by further 6 consecutive months of increased dose frequency (Lanreotide ATG 120 mg every 21 days or Octreotide Lar 30 mg every 21 days) (16); and consequently treated with second line medical therapies (Pasireotide Lar or Pegvisomant in association with fg-SRLs), for at least 12 consecutive months;

2. patients > 18 years;

3. availability of study-related data;

4. at least 12 months follow-up, since the study entry.

We excluded from the study patients with active neoplasia, primary hyperparathyroidism and MEN-1 syndrome, untreated hyperthyroidism, previous or current treatment with drugs known to cause fragility fractures (17), except glucocorticoid replacement therapy for central adrenal insufficiency and history of spine surgery or trauma.



2.1 Study protocol

Due to the study’s retrospective design, the baseline visit corresponded to the day of the clinical visit with the prescription of second-line medical therapies: Pegvisomant (Peg-V) or Pasireotide Lar (Pasi-Lar). The treatment choice for Peg-V or Pasi-LAR was based on the physician’s clinical judgment and on the last expert consensus (29), as also reported in our previous study (30).

According to our clinical practice, patients with acromegaly on treatment with second-line medical therapies were clinically and biochemically evaluated at least every six months. Dose titrations for Peg-V and Pasi-LAR were performed according to clinical practice, considering disease related signs and symptoms, levels of IGF-I and GH (when appropriate), residual tumor shrinkage, treatment safety, tolerance, and compliance. According to our clinical practice and to 2013 guidelines on the management of acromegaly-related comorbidities (32), X-rays of thoracic and lumbar spine were conducted at fixed time points: at one year of follow-up since the start of treatment with Peg-V and Pasi-LAR, and then annually in patients with clinical and biochemical active acromegaly, being considered at higher risk for further deterioration of bone health. I-VFs were investigated at 2-years thoracic and lumbar spine X-rays in patients who had reached the biochemical control of disease (controlled patients). The conclusion of the follow-up coincided with the final visit and the availability of all clinical data pertaining to acromegaly and bone health, as required by the study protocol, after a minimum of twelve consecutive months of treatment. At the conclusion of the study, patients were deemed controlled if their IGF-I values were within the reference ranges for age (at least in two consecutive measures) and their random GH was below 1.0 mcgr/L (31). Patients receiving treatment with Peg-V were evaluated only using serum IGF-I. The IGF-I was expressed as absolute values and as IGF-I for the upper limit of normality.




2.2 Data collection

For the baseline visit, the following data were collected: gender, age and levels of both GH and IGF-I at acromegaly diagnosis and at baseline, previous treatments for acromegaly, concomitant hypopituitarism, gonadal function, diagnosis of prevalent VFs (p-VFs), concomitant medications (including the use of replacement therapy for hypopituitarism), choice of second-line therapy with fg-SRLS plus Peg-V or Pasi-LAR.

At last follow-up, we collected data on serum GH and IGF-I levels, gonadal function, hypopituitarism, use of replacement therapy for central adrenal insufficiency and dosage, of vitamin D supplementations and bone active drugs and occurrence of i-VFs.




2.3 Evaluation of vertebral fractures

VFs were investigated through a semiquantitative morphometric approach (32). The height of the anterior, middle and portions of each vertebra (respectively Ha, Hm and Hp) was measured on vertebral morphometry of dorso-lumbar spine x-ray. From each vertebra (from T4 to L4) the ratio of the heights of each vertebral portion was calculated (Ha/Hp, Hm/Hp or Hp/Hp), and according to Genant’s classification (33), VFs were defined in cases of ratio decrease >20%. P-VFs were identified on the basal radiographs, whereas i-VFs were identified on spinal radiographs obtained during follow-up but absent at baseline.




2.4 GHR isoform assessment

The GHR genotype (flfl, fld3, or d3d3) was determined on genomic DNA that was extracted from 100/200 μ/L peripheral blood. Polymorphisms were studied through polymerase chain reaction (PCR), as previously reported (34). Electrophoresis separated the amplification products from each other by separation. The full-length allele (fl-GHR) was identified as a 935 bp fragment and the exon 3-deleted allele (d3-GHR) by a 532 bp fragment.




2.5 Statistical analysis

Descriptive statistical methods were employed to describe the patient group’s clinical and demographic characteristics. Kolmogorov-Smirnov test was used to check the normality of continuous variables. The chi square test (or Fisher exact test when necessary) and Mann Whitney non-parametric tests were used to compare categorical and quantitative un-paired data. Age at treatment, gender and risk factors found to have a p <0.25 at univariate analysis were included in the multivariate logistic regression. Only cases with complete data were used for the analysis (complete case analysis), as specified in inclusion and exclusion criteria. As the aim of this prediction study is the identification of a specific outcome (occurrence of p-VFs) through the combination of all predictors in the model, specific confounders were not singled out. SPSS software version 24.0 for Windows was used for the statistical investigations.




2.6 Ethical approval

All procedures performed in the study were in accordance with the ethical standards of the institutional review board and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The study was approved by local Institutional Review Boards. All patients signed an informed consent before entering the study.





3 Results

Forty-five acromegalic patients entered the study. Females were thirty-one (68.9%). The age at acromegaly diagnosis was 39 years (IQR: 17). Median GH levels at acromegaly diagnosis was 20 ng/mL (IQR: 26), IGF-I was 892 ng/mL (IQR: 214) and IGF-I x ULN was 2.7 (IQR: 1.8).

Sixteen patients were d3-GHR isoform carriers (35.6%), and twenty-nine were fl-GHR isoform carriers (64.4%).

At study entry, acromegaly was clinical and biochemical active in all included patients, requiring second-line therapies median GH: 4.5 ng/mL IQR: 4.2, IGF-I: 371 ng/mL IQR: 372, IGF-I x ULN: 1.75 IQR:1.5. Age of included patients at baseline was 45.7 years IQR:12. All patients had undergone pituitary surgery and 12 consecutive months of treatment with fg-SRLs. Nine patients carried p-VFs (20%). Nineteen patients were affected by secondary hypoadrenalism (42.2%); ten patients were affected by secondary hypogonadism (22.2%). Twenty-six patients were treated with fg-SRLs plus Peg-V (57.8%) and nineteen were treated with Pasi-LAR (42.2%). Patients treated with fg-SRLs plus Peg-V and those treated with Pasi-LAR did not differ for gender, age, GH and IGF-I levels at acromegaly diagnosis, at baseline and at the last follow-up, concomitant hypopituitarism, GHR polymorphisms, frequency of p-VFs, and acromegaly outcome, as detailed in Table 1.


Table 1 | Clinical, hormonal, and genetic features in study population, also stratified for treatment groups.



At the last follow-up, thirty-eight patients were considered controlled for acromegaly (84.4%), and seven patients were affected by active disease (15.6%). Eleven patients experienced the occurrence of i-VFs (24.4%). Median follow-up was 57.1 months (IQR: 28.6).



3.1 Pegvisomant plus first-generation SRLs treatment group

Eighteen patients out of the 36 included in this treatment group were fl-GHR isoform carriers (69.2%) and eight patients were d3-GHR isoform carriers (30.8%). At baseline, the Median age at baseline was 42.8 IQR:26.5, GH was 7.4 ng/mL (IQR:22), IGF-I was 574 ng/mL (IQR: 287) and IGF-I x ULN was 2 (IQR:1.2). Five patients carried p-VFs (19.2%).

At the last follow-up, the mean dosage of Peg-V was 15 mg/daily (range: 10-40 mg/daily); six patients were considered affected by active disease (23.1%).

I-VFs were identified in seven patients, at the last follow-up (26.9%). Clinical and molecular features of patients treated with Pasi-LAR, according to the occurrence of i-VFs at follow-up were summarized in Table 2. The occurrence of I-VFs did not differ for gender, age, GH and IGF-I levels (tested at acromegaly diagnosis, at baseline, and at the last follow-up), concomitant hypopituitarism, frequency of p-VFs, acromegaly outcome and glucose metabolism at follow-up. All patients who developed i-VFs carried the fl-GHR isoform (100%); no d3-GHR isoform carriers experienced i-VFs (0%, p=0.039). Among the nineteen patients who did not develop i-VFs, eight were d3-GHR isoform carriers (42.1%) and eleven were fl-GHR isoform carriers (57.9%, p=0.039).


Table 2 | Clinical, hormonal, and genetic determinants of i-VFs in patients treated with first generation SRLs + pegvisomant.






3.2 Pasireotide LAR treatment group

Eleven patients out of the 19 included in this treatment group were fl-GHR isoform carriers (57.9%) and eight patients were d3-GHR isoform carriers (42.1%). Median age at baseline was 42 years (IQR:17.9), GH was 5.3 ng/mL (9.1), IGF-I was353 ng/mL IQR: 302 and IGF-I x ULN 1.1 (IQR:1.1). At baseline, p-VFs occurred in 4 patients (21.1%). A single patient was considered affected by active acromegaly (5.3%) at last follow-up.

Clinical and molecular features of patients treated with Pasi-LAR, according to the occurrence of i-VFs at follow-up were summarized in Table 2. I-VFs occurred exclusively d3-GHR isoform carriers (100%), with respect of fl-GHR isoform carriers (0%, p=0.018). Among the fifteen patients who did not develop i-VFs, four were d3-GHR isoform carriers (26.7%) and eleven were fl-GHR isoform carriers (73.3%). I-VFs occurred more frequently in patients with higher IGF-I levels at the last evaluation (median IGF-I: 193 ng/mL IQR: 30 p=0.03, median IGF-I x ULN: 0.7, IQR:0.2, p=0.048), as compared to patients without i-VFs (mean IGF-I: 125 ng/mL IQR: 87, median IGF-I x ULN: 0.5 IQR: 0.3). I-VFs were significantly less frequent in patients treated with vitamin D supplementation. Frequency of i-VFs was superimposable in patients with normal glucose metabolism and with glucose intolerance or diabetes mellitus, in both treatment groups, as reported in Table 2.




3.3 GHR polymorphism in treatment groups

Gender, GH and IGF-I levels at baseline, p-VFs frequency, acromegaly outcome, GH and IGF-I levels at the last follow-up did not differ among patients carrying the d3-GHR or fl-GHR isoforms, in fg-SRLs plus Peg-V treatment group (Table 3).


Table 3 | Clinical, hormonal, and bone metabolism according to GHR polymorphisms in patients treated with fg-SRLs + Peg-V and Pasireotide Lar.



Among the group of patients treated with Pasi-LAR, IGF-I levels were higher in d3-GRH carriers than in fl-GHR carriers, at the last follow-up (p=0.038), despite GH levels being similar (respectively 0.55 ng/mL IQR: 2.3 in d3-GRH carriers and 1.1 ng/mL IQR: 2.6 in fl-GHR carriers, p=0.61). Moreover, at baseline both GH and IGF-I serum concentrations were superimposable among d3-GRH and fl-GHR carriers, as detailed in Table 3.




3.4 Logistic regression

As shown in Figures 1A, B, patients carrying the fl-GHR isoform had a higher risk for i-VFs if treated with Peg-V, while showing a lower risk of i-VFs if treated with Pasi-LAR. The risk of i-VFs was reduced in individuals with lower IGF-I levels at the last observation during treatment with Pasi-LAR. The vitamin D supplementation was protective from the occurrence of i-VFs in patients treated with Pasireotide Lar.




Figure 1 | Clinical and molecular predictors of occurrence of incidental VFs in patients treated with Pasireotide Lar (A) and first generation SRLs + Pegvisomant (B). Forrest plot represents the odds ratio.







4 Discussion

In this pilot study we explored the potential GHR isoform’s prognostic role in the development of i-VFs in acromegalic patients treated with GH receptor antagonist and with Pasi-LAR. In this cohort of patients, we found that all patients who experienced i-VFs during the treatment with Peg-V carried the fl-GHR isoform and all patients which experienced i-VFs during the treatment with Pasi-LAR carried the d3-GHR isoform.

These results were consistent with previously published data on GHR polymorphisms in predicting the biochemical outcome of treatments with Peg-V and Pasi-LAR. Acromegalic patients carrying the d3-GHR were reported to require a lower Peg-V dose and a shorter treatment duration to normalize IGF-I levels, at least during the first year of treatment (18). This protective d3-GHR effect seems to weaken as the treatment duration is prolonged, possibly due to the progressive saturation of the GHR (18). In fact, a 4-year predictive study conducted by our research team (21) and a recent meta-analysis of Franck et al. (35) ruled out a long-term GHR isoform effect on Peg-V efficacy. None data are instead available on the possible down-regulation of the GHR expression during treatment with Peg-V.

Data on the possible effects of the GHR isoforms on the outcome of treatment with Pasi-LAR are limited to our recent experience conducted on 33 acromegalic patients, showing that d3-GHR carriers were more frequently not able to reach biochemical control during Pasi-LAR treatment, and that fl-GHR carriers have been good Pasi-LAR responders, despite similar values of GH and IGF-I before starting Pasi-LAR treatment (21). The positive effects in lowering IGF-I secretion of d3-GHR isoform in Peg-V treated patients and of fl-GHR isoform in Pasi-LAR treated patients may therefore induce a better biochemical control of acromegaly and in parallel may reduce the risk of the occurrence of VFs, which recognize among the main risk factors the persistence of high IGF-I levels. Despite the inability of our data to definitively elucidate the underlying molecular pathway, an interaction between drugs, GH, GHR and its polymorphisms is inferred by considering that the IGF-I levels were higher in d3-GHR isoform carriers, with respect to fl-GHR isoform carriers, despite overlapping GH levels, both at baseline and at follow-up, in patients treated with Pasi-LAR. Patients carrying the fl-GHR isoform on treatment with Pasi-LAR may experience i-VFs less frequently, because fl-GHR is “per-se” less sensitive to GH stimulation, therefore reducing the activation of intracellular second messengers and consequently reducing the gene transcription and protein synthesis, finally resulting in lower serum concentrations of IGF-I. This finding was also confirmed by the higher IGF-I levels in patients who experienced p-VFs. In parallel, no data are available the expression of the somatostatin receptor on bone in human. Therefore, a possible direct effect of Pasireotide Lar through the somatostatin receptors can only be hypothesized to date. Recently, in fact, the expression of subtypes 2 and 5 of somatostatin receptors has been demonstrated on cell cultures of murine osteoblasts and pre-osteoblasts (16)

Our results also support a possible different effect of GHR isoform in patients treated with Pegvisomant. The data of our cohort support a protective role of the GHR polymorphisms, also independently of the reaching of biochemical control of acromegaly, and independently from the final IGF-I levels, supporting the hypothesis that the interaction of GHR polymorphism and treatment modality in fracture risk is independent of treatment outcome, as reported in Figure 1. Although the underlying molecular mechanisms remain still not definitively understood, it was previously assumed that the d3-GHR have an increased affinity for the pegvisomant and the native GH, increased dimerization capacity and consequently enhanced intracellular signal transduction (29). It was hypothesized that blocking a receptor with such improved functional properties would result in an amplification of the inhibitory action of Peg-V. Furthermore, differences in the ability to internalize Peg-V could also be responsible for these findings. These hypothesized molecular mechanisms may justify the lower frequency of i-VFs in d3-GHR acromegaly carriers, treated with Peg-V, rather than to fl-GHR carrying ones.

The retrospective design and the small cohort size of the study population are the main limitations of our study. The restricted number of included patients reflects the stringent inclusion criteria and the rarity of the acromegaly disease, as well as the selection of a consecutive cohort of acromegalic patients resistant to fg-SRLs and treated with second-line therapies, Pegvisomant and Pasireotide Lar, to examine the interactions of GHR, bone health and GH/IGF lowering therapies in a cohort of acromegalic patients affected from a more difficult/aggressive disease.

Moreover, the absence of data of circulating levels of GH and pegvisomant, during the treatment with the GHR antagonist did not allow us the definitively clarify the mechanisms of interaction of GH, Peg-V and different GHR isoforms. As reported in acromegaly guidelines (36), the dosage of GH is not recommended in patients treated with Pegvisomant to define the biochemical control for the expected increase of GH levels due to the negative-feedback loop (37).

Therefore, additional studies are advocated to ascertain and validate our findings on larger populations, with a randomized and prospective design, also including data deriving from innovative tools to evaluate bone health, such as high-resolution peripheral quantitative computed tomography (HR-pQCT) and the trabecular bone score (TBS), that are actually recognized to be very useful to assess bone microarchitecture and predict the fracture risk in acromegaly (38–40).

Our study proved for the first time that the GHR polymorphisms may orient the choice of second-line medical therapies in acromegaly, considering the prevention of acromegaly-related comorbidities, such as bone health. According to our results, we may speculate that the GHR isoform may be integrated to clinical, genetic, and molecular and morphological tumor biomarkers, for an individual patient tailored therapy. A higher chance of GH and IGF-I normalization and a lower risk/frequency of i-VFs are associated with the fl-GHR isoform in patients treated with Pasi-LAR. In parallel, d3-GHR isoform is associated with a greater change of GH and IGF-I normalization at least at one year of treatment with Peg-V and with a lower risk/frequency of i-VFs.

In conclusion, although our results should be considered preliminary, our findings support that the investigation of the GHR polymorphism may prove beneficial in enhancing the personalized therapeutic approach of patients with acromegaly, including the prevention of acromegaly-related comorbidities, in the context of patients-tailored medicine.
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