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Purpose

Acromegaly is a rare, intractable endocrine disease. We aimed to describe the patient characteristics, diagnostic delays, treatment patterns, treatment outcomes, comorbidities and treatment costs of acromegaly in China.



Methods

This is a nationwide cross-sectional study. Patients diagnosed with and treated for acromegaly between 1996 and 2019 across China were surveyed via the Chinese Association of Patients with Acromegaly platform.



Results

In total, 473 patients (58.8% females, mean age at diagnosis: 39.4±9.5 years) were included. The median disease duration was 3 years. The most common symptoms were extremity enlargement (91.8%) and facial changes (90.1%). Overall, 63.0% of patients experienced diagnostic delays within healthcare systems; 63.8% of the delays were <1 year. The most common first-line therapy was surgery with a transsphenoidal (76.1%) or transcranial approach (3.2%). Somatostatin analogues or dopamine agonists were administered in 20.5% of the patients as first-line therapies and in 41.7% as adjuvant therapies. Radiotherapy was performed in 32.1% of patients, 99.3% of whom received radiotherapy as an adjuvant therapy. After a median 5-year follow-up, 46.2% achieved biochemical control. Comorbidities were reported in 88.2% of the patients at follow-up; memory deterioration and thyroid nodules were the most common. Controlled patients had greater improvements in symptoms and comorbidities during follow-up than uncontrolled patients. The annual per-capita cost-of-treatment was $11013 in 2018, with medical treatments being the largest contributor (67%). Medical insurance covered 47.2% of all treatment costs.



Conclusion

This study provides the first comprehensive description of real-world acromegaly data in China, serving as a basis for future population-based studies.
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Introduction

Acromegaly, caused by a growth hormone (GH)-secreting pituitary adenoma in most cases, is a rare, slow progressing endocrine disease (1). Worldwide, acromegaly has a prevalence of 28–137 per million and an incidence ranging from 2 to 11 cases per million people per year (2). GH over-secretion leads to increased serum insulin-like growth factor 1 (IGF-1), and both hormones result in a series of acromegaly-associated symptoms, i.e., facial appearance changes; overgrowth of hands and feet; headache; visual field defects; and comorbidities affecting the cardiovascular system, respiratory system, musculoskeletal organs, endocrine/metabolic system, etc (3–7). Since the above clinical features of acromegaly develop insidiously, the diagnosis of this condition is therefore often delayed, and prolonged diagnostic delays are associated with reduced quality of life (QoL) and elevated morbidity and mortality in patients with acromegaly (7–9). The main therapeutic goals include normalization of the circulating levels of GH and IGF-1, removal of pituitary tumors without damaging the adjacent structures, amelioration of symptoms and comorbidities, and restoration of normal life expectancy and QoL (3, 4, 10). Treatment options for acromegaly include surgical resection of pituitary adenomas, medical treatment to control hormone secretion and tumor growth, and radiotherapy, with transsphenoidal surgery being the first-line treatment for most patients (4, 7). Medical treatment also has an important role in acromegaly management, either as the first-line therapy for patients with high surgical risks and those who refuse surgery or as second-line treatment (4, 10, 11). Radiotherapy acts as a third-line treatment after unsuccessful surgery and medical treatment (12). Routine post-treatment follow-up is essential for acromegaly. In patients who achieve biochemical control, life expectancy can be restored to that of the general population (4, 13). However, tumor recurrence and high hormone concentrations occur in almost half of patients after treatment, leading to persistent symptoms and comorbidities and thus deteriorating patient prognosis and influencing the overall well-being of these patients (4, 7). Apart from the negative health-related effects, acromegaly also leads to a considerable economic burden for patients themselves, their families, the healthcare system and society as a whole (14, 15).

Studies based on national registries or large-scale nationwide surveys have provided an in-depth understanding of the epidemiology, clinical features, diagnostic procedures, and treatment patterns and outcomes of patients with acromegaly (16–24). Region-specific data greatly help a country or region formulate medical policies related to the diagnosis and treatment of acromegaly, which in turn improve patient prognosis (23). However, no nationwide or large-scale study on the real-world data of acromegaly in China has been conducted until now. China has over 1.4 billion people and a large number of patients with acromegaly, but unfortunately, a complete and functioning national acromegaly registry has not been established as of now. The Chinese Association of Patients with Acromegaly (CAPA) is a non-profit organization established spontaneously by patients with acromegaly and their families from all over the nation in 2012. Anyone who has been diagnosed and treated with acromegaly in China during the past three decades is welcome to join the CAPA. Therefore, as a representative national organization, the CAPA provides an ideal platform for large-scale surveys of Chinese patients.

Herein, we conducted the first nationwide comprehensive survey of 473 Chinese patients with acromegaly who were diagnosed and treated from 1996 to 2019 via the CAPA online platform. The objectives of this study were to describe in detail the demographics, clinical characteristics, diagnostic delays, treatment patterns, treatment outcomes, comorbidities, and treatment costs of patients with acromegaly in China.



Materials and Methods


Patients

This was a cross-sectional study. Patients with acromegaly aged 18 years or older at the time of diagnosis were included. All of the patients had been diagnosed with and treated for GH-secreting pituitary adenoma and were undergoing routine follow-up at hospitals.

In China, the biochemical diagnostic criteria for acromegaly were in accordance with the Endocrine Society clinical practice guidelines (12), namely, elevated IGF-1 levels and inability to suppress GH to 1 ng/ml following an oral glucose load of 75 g. In China, the first-line treatment for newly diagnosed patients is surgery, either via the most commonly adopted transsphenoidal approach or transcranial approach. For patients with surgical contraindications or an unwillingness to undergo surgery, medical treatment with a somatostatin analogue (SSA) or dopamine agonist (DA) served as alternative first-line treatment. After treatment, patients were required to complete routine follow-up, and hormone levels and magnetic resonance imaging (MRI) scans were re-evaluated. Patients with recurrent or residual tumors that were evaluated as resectable by MRI were recommended to undergo repeat surgeries, while those with unresectable tumors were recommended for medical treatment or radiotherapy. In the early stage after radiotherapy, when the hormone-lowering effect had not started, medical treatment could be temporarily added. These principles of treatment for acromegaly in China are consistent with international guidelines (12, 25). In this survey, biochemical control at follow-up was identified according to the consensus on cured acromegaly (26).

All data used in this analysis came from the survey of acromegaly in China performed at the end of 2019 and early 2020. China has 34 provincial administrative regions (PARs), including 23 provinces, 5 autonomous regions, 4 municipalities directly under the central government, and 2 special administrative regions (http://www.gov.cn/guoqing/2005-09/13/content_5043917.htm). Survey questionnaires were officially distributed to 600 patients across the nation on December 17, 2019 via the CAPA network platform, and 474 valid responses, including 442 questionnaires completed by patients themselves and 32 filled by the patients’ families, from 32 PARs were received by January 6, 2020. One respondent with an age of 16 years at diagnosis was excluded, and the survey data of the other 473 patients were finally included.



Content and Design of the Survey

The survey questionnaire for acromegaly focused on 5 aspects: 1) demographics and clinical characteristics, 2) diagnostic delays, 3) treatment patterns and outcomes, 4) comorbidities and health status at follow-up, and 5) treatment costs. The demographics included sex, age, body mass index (BMI), highest degree of education, marital status, ethnicity, and place of residence. The clinical characteristics part investigated acromegaly-associated symptoms at diagnosis, disease duration from the onset of symptoms to diagnosis, and levels of GH and IGF-1 at diagnosis. The diagnostic delay part included the year of diagnosis, year of the first medical consultation due to acromegaly, whether there was a diagnostic delay, duration of the diagnostic delay, and the departments and hospitals that made the correct diagnosis of acromegaly. The patients’ perspectives on the difficulty of getting diagnosed with acromegaly were also rated in this part. In the treatment patterns part, we collected data on the treatments for acromegaly from the year of diagnosis to December 2019 among all patients, including microscopic transsphenoidal surgery, endoscopic transsphenoidal surgery, transcranial surgery, radiotherapy, and medical treatment with octreotide-long acting release (octreotide-LAR), lanreotide-autogel, pasireotide-LAR, other older types of somatostatin analogs, cabergoline, or bromocriptine. The questionnaire also collected information on the follow-up interval, levels of GH and IGF-1 at the last follow-up, and the latest symptoms, comorbidities, and health status. Since the specific AcroQoL questionnaire and the generic SF-12/SF-16 questionnaire were not able to acquire an objective and visualized parameter reflecting the overall QoL of patients, we adopted EuroQoL questionnaire visual analogue scale to evaluate the health status. The treatment costs part inquired about the total costs and out-of-pocket costs of surgery, medical treatment, and radiotherapy during 2018, as well as the patients’ medical insurance and personal and family annual income. Currency was initially provided as Chinese yuan (¥) in the questionnaires and was then converted to US dollars ($) in the analysis.

This survey was part of the 2019 China Rare Disease Survey, led by the China Alliance of Rare Diseases, implemented by the JC School of Public Health and Primary Care of the Chinese University of Hong Kong, co-sponsored by Peking Union Medical College Hospital, and coordinated by the Illness Challenge Foundation. The process and implementation and quality control of the survey were designed, monitored, and reviewed by the survey committee composed of senior medical specialists on acromegaly, leaders of the CAPA and our research team. The final survey questionnaire had undergone three rounds of pre-investigation with more than 10 respondents before its official release.



Statistical Analysis

SPSS version 26.0 (IBM, USA) and Prism 8.4.3 (GraphPad Software, USA) were used to analyse the data and generate graphs. Categorical variables are shown as numbers and proportions. Comparisons of categorical variables were performed using the chi-squared test. Continuous variables are presented as the mean ± standard deviation or median plus interquartile range, according to the data distribution tested by Levene’s test. A nonpaired t-test was used to assess the differences between normally distributed continuous variables, and the Mann-Whitney U test was used for variables that failed the normality test. The false discovery rate (FDR) algorithm was used in multiple comparisons to control the chance of generating unwanted false positives. Statistical significance was defined as p < 0.05.



Ethics

The institutional review board of the Chinese University of Hong Kong and the Ethical Committee of Peking Union Medical College Hospital approved the study protocol and informed consent form (Reference number: SBRE-18-268 and SK-814). All the participants signed an electronic consent form before entering the study.




Results


Demographics and Clinical Characteristics of Patients With Acromegaly in China

Data from 473 Chinese patients with acromegaly, including 278 females (58.8%) and 195 males (41.2%), were included (Table 1). The mean age was 39.4±9.5 years at diagnosis, with the majority of patients aged 25–54 years (n = 427; 90.3%) at diagnosis. The median levels of GH and IGF-1 at diagnosis were 17.0 ng/ml and 660.0 ng/ml, respectively. The median (mean) duration of acromegaly was 3 years (5 years), and 40% of all patients had a disease duration of over 5 years. The patients were diagnosed from 1996 to 2019; 50.1% of them were diagnosed before 2015, and 49.9% were diagnosed in or after 2015. Patients diagnosed in 2015 or later had a younger age at diagnosis (38.3±10.0 vs. 40.4±8.8 years, p = 0.014) and shorter disease duration (4.5 vs. 5.5 years, mean, p = 0.026) than those diagnosed before 2015. Among all patients, 44.2% had a bachelor’s degree or above, 81.6% were married, 95.8% belonged to the Han nationality, and 67.9% lived in a city/town.


Table 1 | Patient characteristics of acromegaly in China.



At least one symptom was present in 465 patients (98.3%) at the time of diagnosis. The median number of symptoms was 8. The symptoms that occurred in more than 20% of patients are illustrated in Figure 1. Among all patients, the most common symptoms at diagnosis in descending order were overgrowth of hands and feet (92%), facial appearance changes (90%), moderate to severe snoring (62%), headache (57%), and hyperhidrosis (55%). In female patients, the third most common symptom was menstrual disorders (66%). Of all patients, 96.6% had either facial appearance changes or overgrowth of the hands and feet.




Figure 1 | Frequencies of symptoms among patients with acromegaly in China. Black bars represent the frequencies of symptoms at the time of diagnosis, and grey bars represent the frequencies of symptoms at a median follow-up time of 5 years after treatment. * indicates that the reduction in frequency after treatment is significant (p < 0.05).





Diagnostic Delay Within the Healthcare System

The majority of patients (77.6%) received a diagnosis of acromegaly from departments of neurosurgery (48.0%) and endocrinology (29.6%). The other departments that diagnosed these patients included neurology (4.7%), otolaryngology (1.7%), oncology (1.7%), ophthalmology (1.5%), and gynecology (1.5%). Most patients (83.7%) were diagnosed in 3-A hospitals, the top level in China. The majority of patients (298, 63.0%) considered getting diagnosed with acromegaly “difficult”, with 45.3% of them rating the experience as “extremely difficult”.

Among all patients, 175 (37.0%) were clinically diagnosed with acromegaly at their first medical consultation. However, diagnostic delays occurred in 298 patients who received no suspected diagnosis of acromegaly at the first consultation (63.0%). Of these patients, 125 (41.9%) were treated as other diseases, and 67 (22.5%) were told there was no problem; referrals were only recommended for approximately one third of these patients (35.6%). More patients had a diagnosis delay less than 1 year than those with a diagnosis delay ≥1 year (63.8 vs. 36.2%, p < 0.001). Among patients with a diagnostic delay, 10% had a delay of 5 years or more. Compared to those without a diagnostic delay, patients with a diagnostic delay were more likely to be female (64.1 vs. 49.7%, p = 0.002), had more symptoms at diagnosis (7 vs. 5, median, p < 0.001), and had higher frequencies of headache (63.8 vs. 45.7%, p < 0.001) and menstrual disorders (in females, 75.4 vs. 44.8%, p < 0.001) (Table 2).


Table 2 | Diagnostic delay in acromegaly and clinical correlations.





Treatment Patterns

Out of all 473 patients, 79.3% (n = 375) had undergone surgery for acromegaly, all as first-line therapy; of these patients, 38.7% were treated via the transsphenoidal endoscopic approach (TEA), 37.4% via the transsphenoidal microscopic approach (TMA), and 3.2% via the transcranial approach (TCA). The proportion of surgeries via TEA was higher among patients diagnosed in or after 2015 than patients diagnosed before 2015 (47.9 vs. 29.5%, p < 0.001), while the proportion of surgeries via TMA was lower among patients diagnosed in or after 2015 than patients diagnosed before 2015 (30.1 vs. 44.7%, p = 0.001) (Table 3).


Table 3 | Treatment patterns and outcomes in Chinese patients with acromegaly.



Medical treatment was performed in 62.2% (n = 294) of all patients, including in 20.5% (n = 97) as first-line therapy and 41.7% (n = 197) as adjuvant therapy. Among all patients, the most commonly used SSAs were octreotide-LAR (33.0%), lanreotide-autogel (5.9%), pasireotide-LAR (3.6%), and octreotide acetate (3.2%), and the most commonly used DAs were cabergoline (15.6%) and bromocriptine (7.6%). The proportion of medical treatment with pasireotide-LAR significantly decreased among patients diagnosed in or after 2015 compared with those before 2015 (0.4 vs. 6.8%, p < 0.001).

Radiotherapy was provided to 32.1% of all patients (n = 152), including for 1 patient as initial therapy and 151 (99.3%) as adjuvant therapy. The proportion of radiotherapy among patients diagnosed in or after 2015 was significantly lower than those diagnosed before 2015 (17.4 vs. 46.8%, p < 0.001).



Treatment Outcomes at Follow-Up

The median (interquartile range) follow-up time among all patients from diagnosis to this survey was 5.0 (2.0, 7.0) years. The most common follow-up intervals were three to six months (40.4%) or one year (33.0%).

Among the 299 patients with complete hormone records at the last follow-up, 46.2% (n = 138) satisfied the biochemical control (cure) criteria of acromegaly. Patients with controlled acromegaly (controlled patients) were older (41.1±9.8 vs. 37.8±9.7 years, p = 0.004) and more likely to be married (87.7 vs. 72.7%, p = 0.001) than those with uncontrolled acromegaly (uncontrolled patients) (Table 4). In addition, a biochemically uncontrolled status was correlated with living in a rural area (p = 0.025) and treatment with octreotide-LAR (p = 0.016), cabergoline (p = 0.023) and radiotherapy (p = 0.008).


Table 4 | Patients with biochemically controlled or uncontrolled acromegaly and correlation analysis.



The number of symptoms among patients was significantly lower at follow-up than at diagnosis (6 vs. 8, median, p < 0.001). Patients diagnosed in 2015 or later had fewer symptoms at follow-up than those diagnosed before 2015 (5 vs. 7, median, p = 0.002). The frequency of each symptom decreased after treatment (Figure 1), with significant decreases in overgrowth of hands and feet (p < 0.001), facial appearance changes (p = 0.023), menstrual disorders in women (p < 0.001), moderate to severe snoring (p < 0.001), headache (p = 0.002), hyperhidrosis (p < 0.001), strong body odor (p < 0.001), hairiness (p < 0.001), oily skin and acne (p < 0.001), the diminution of vision (p = 0.019), backache (p = 0.032), sleep apnea (p = 0.002), and visual field defects (p = 0.003).

Controlled patients had fewer symptoms than uncontrolled patients at follow-up (5 vs. 7, median, p < 0.001). Compared to uncontrolled patients (Figure 2, symptom panel), controlled patients had significantly lower frequencies of facial appearance changes (81.2 vs. 92.6%), menstrual disorders (in females) (38.1 vs. 53.1%), headache (31.2 vs. 61.5%), hyperhidrosis (30.4 vs. 41.6%), hairiness (15.9 vs. 39.1%), diminution of vision (25.4 vs. 37.3%), loss of interest in sex (24.6 vs. 38.5%), and visual field defects (9.4 vs. 19.3%) at follow-up.




Figure 2 | Frequencies of symptoms and comorbidities among controlled patients and uncontrolled patients at follow-up. The symptom panel (upper) includes two histograms showing the frequencies of symptoms among controlled patients and uncontrolled patients. The comorbidity panel (lower) includes two histograms showing the frequencies of comorbidities among controlled patients and uncontrolled patients. * indicates that the difference in frequency between controlled patients and uncontrolled patients is significant (p < 0.05).





Comorbidities and Health Status at Follow-Up

Of all patients, 88.2% (n = 417) had at least one comorbidity at follow-up. The median number of comorbidities was 3. The twenty-eight comorbidities recorded among patients are listed in Table 5. The most common comorbidities were memory deterioration (71.2%), thyroid nodules (26.0%), insomnia (23.3%), reduced learning ability (21.6%), osteoporosis (21.4%), and anxiety (21.1%). Compared with uncontrolled patients (Figure 2, comorbidity panel), controlled patients had significantly lower frequencies of diabetes mellitus (11.6 vs. 23.0%), impaired glucose tolerance (10.1 vs. 19.9%), hypercholesterolemia (7.3 vs. 15.5%), and insomnia (22.5 vs. 33.5%).


Table 5 | Acromegaly-associated comorbidities at follow-up.



All patients were further divided into two groups according to the median number of comorbidities (Table 6). Compared to patients with <3 comorbidities, patients with 3 or more comorbidities were older (41.4±9.7 vs. 37.3±8.8 years), were more likely to be female (66.9 vs. 50.4%), had a higher BMI (27.6±8.4 vs. 25.9±5.3 kg/m2), were less likely to have a bachelor’s degree (36.8 vs. 51.7%), had a longer disease duration (4.0 vs. 3.0, median, years), and had more symptoms at diagnosis (9 vs. 7, median) and follow-up (5 vs. 4, median). Moreover, compared to patients with <3 comorbidities, diagnostic delays (73.2 vs. 52.6%), especially those of over a year (29.3 vs. 16.2%), were more common among patients with ≥3 comorbidities, and the proportion of patients diagnosed before 2015 was higher among patients with ≥3 comorbidities (56.5 vs. 43.6%, p = 0.005). Additionally, patients with ≥3 comorbidities were more likely to receive radiotherapy (38.9 vs. 25.2%) and had a longer follow-up period (5.0 vs. 4.0, median, years).


Table 6 | Clinical relevance of comorbidities in acromegaly at follow-up.



Unemployment due to acromegaly occurred in 127 patients (26.8%). Patients with 3 or more comorbidities had higher unemployment rates than those with fewer comorbidities (32.6 vs. 20.9%, p = 0.004). The mean score of the health-related EuroQoL visual analogue scale, ranging from 0 (worse) to 100 (better), was 64.2±20.6. Patients with <3 comorbidities scored higher than those with more comorbidities (68.3±20.4 vs. 60.1±20.0, p < 0.001). Of all patients, 2.3% (n = 11) could not take care of themselves and thus needed help from family members; 4.4% (n = 21) used assistive devices, including joint protectors, bath stools, and non-invasive ventilators, frequently in their daily lives.



Treatment Costs for Acromegaly and Income

A total of 303 patients were treated for acromegaly during 2018, including 112 with surgery, 259 with medical treatment, and 28 with radiotherapy. The per-capita cost of treatment in 2018 for these patients was $11013. Medical treatment, surgery and radiotherapy accounted for 67%, 29%, and 4% of the total treatment cost ($3336964), respectively. Medical insurance covered $1575358 (47%) in 2018, and the per-capita treatments cost after reimbursement was $5814.

The treatment-specific costs are summarized in Table 7. The personal out-of-pocket cost of radiotherapy ($2246, median) for patients treated with radiotherapy during 2018 was significantly lower than that of medical treatment ($3738, p = 0.027) for patients receiving medical treatment and that of surgery ($3658, p = 0.013) for patients who underwent surgery. Among patients who received medical treatment, uncontrolled patients had a higher total personal cost than controlled patients ($10140 vs. $6162, p = 0.005). A total of 73.7%, 86.6% and 85.7% of patients treated in 2018 had insurance for medical treatment, surgery, and radiotherapy, respectively. Among these patients, the median out-of-pocket cost of radiotherapy ($1811) was lower than those of medical treatment ($4202, p = 0.004) and surgery ($3477, p = 0.019).


Table 7 | Treatment costs on acromegaly during 2018 in China.



The median personal and family annual incomes of all patients with acromegaly were $7248 and $14496, respectively. The personal annual income of patients with <3 comorbidities was significantly higher than that of patients with more comorbidities ($10873 vs. $6958, median, p = 0.025). Of the patients treated in 2018, 73.9% paid for medical expenses by themselves, 10.9% needed family help, and 15.2% borrowed money from relatives.




Discussion

This is to the best of our knowledge the first nationwide comprehensive survey conducted in China focusing on the clinical features, diagnosis, treatment, outcomes, and economic burdens of acromegaly. Based on the data of 473 patients from 32 PARs across the country, this study provides a representative and detailed understanding of acromegaly in China from multiple angles and may serve as an initial step for developing and modifying acromegaly-related medical policies and for performing further longitudinal studies on health-related outcomes in China.

Acromegaly affects both males and females; many studies have demonstrated that females are more frequently affected, but some have indicated that both sexes are equally affected (9, 14, 15, 17, 18, 21, 22, 27–29). In the present study, females accounted for 58.8% of all patients, significantly larger than the percentage of males. The female sex was correlated with a diagnostic delay and more comorbidities at follow-up, consistent with previous results (8, 19, 27, 29). The average age of patients was 39 years, approximately 10 years younger than the patients from Sweden, France, Denmark and the United States but close to those from Korea and Bulgaria (14, 15, 23, 30–32). We showed that older age was suggested to be correlated with more comorbidities, in accordance with published literature (33, 34).

Patients with acromegaly exhibit a wide range of clinical symptoms due to the chronic influence of GH over-secretion and IGF-1 overproduction and tumor mass effects (4, 7, 27). Among the patients in our study, although 1.7% were asymptomatic, the vast majority had at least one symptom at diagnosis. Facial appearance changes and overgrowth of hands and feet were the two most common acromegaly-associated symptoms, both of which were detected in more than 90% of patients. Menstrual disorders were seen in two-thirds of female patients and were thus the third most common symptom in females. The other common symptoms included moderate to severe snoring, headache, hyperhidrosis, strong body odor, hairiness, joint pain, oily skin and acne, vision diminution, backache, sparse teeth, loss of interest in sex, etc., consistent with published large-scale studies (35–37).

Symptoms of acromegaly always overlap those of other diseases (27). Therefore, patients seek consultations in different departments (38). In this study, nearly half of the patients received a diagnosis of acromegaly at a department focusing on the pituitary subspecialty of neurosurgery, and 30% were diagnosed at the endocrinology outpatient service. Other patients were diagnosed during consultations for acromegaly-associated symptoms at other departments, i.e. headache at the neurology department, vision loss at the ophthalmology department, menstrual disorders at the gynecology department, and snoring at the otolaryngology department. Due to the popularization of biochemical measurements for GH and IGF-1 and easier online access to information on acromegaly, the disease duration has been reduced, as previously reported (2, 39, 40). The median disease duration among patients in this study was 3 years, which is shorter than the 4.5–5 years in other studies (2, 28, 35, 36, 38, 41). The diagnosis of acromegaly was not always made at the first medical consultation and was thus defined in this study as a diagnostic delay within the healthcare system. Several studies have indicated that early diagnosis occurs when medical specialists have adequate awareness of acromegaly (42). From this perspective, retraining healthcare providers who may encounter patients with acromegaly at office visits or strengthening patient-expert education in medical schools (38) might help reduce diagnostic delays within the healthcare system.

Surgical resection of pituitary adenomas, mostly through the transsphenoidal approach, is the recommended primary therapy for acromegaly (12). Microscopic transsphenoidal surgery has been the main approach for decades. However, since endoscopic surgery provides wider intraoperative views and leads to similar remission and complication rates compared to microscopic surgery, it has increasingly been adopted as an alternative or even preferred method worldwide (43). In the current study, the endoscopic-to-microscopic ratio transitioned from 29.5:44.7 before 2015 to 47.9:30.1 within the past 5 years in China, indicating the wide acceptance of endoscopic microsurgery among neurosurgeons. Pasireotide-LAR usage was remarkably reduced among patients diagnosed in the past 5 years. This decline could have been influenced by the shorter follow-up time in these patients but could also have been influenced by the updated experience that pasireotide-LAR should be used in patients with no response to traditional SSA treatment (44). The proportion of radiotherapy has also greatly reduced in the past 5 years. One possible reason is the update to treatment guidelines for acromegaly published in 2014 (12).

Several studies have investigated the predictors for acromegaly treatment outcomes, e.g., surgeon experience, patient age, granulation pattern, and adenoma characteristics on MRI (45–48). As shown in this study, an older age at diagnosis was correlated with biochemical control, consistent with the literature (47). Another factor that might be associated with an increased cure rate was living in towns/cities. Considering the national circumstances of China, that patients living in towns/cities had easier access to excellent pituitary tumor centers (49) and better financial support for treatment than those living in rural areas might be a reasonable explanation for this finding. Moreover, our results showed that controlled patients had a higher marriage rate than uncontrolled patients. We believed that on the one hand, spouses and kids would give extra support to married patients to help them complete treatments, and on the other hand, cured patients were more likely to maintain a healthy marriage.

In our study, the median number of symptoms among patients dropped from eight at diagnosis to six at follow-up, and the frequency of 13 out of 19 symptoms significantly decreased. Unlike the result that remission and symptom improvement are not associated with each other (50), we found that controlled patients had fewer symptoms after treatment and significantly lower frequencies of eight symptoms than uncontrolled patients, highlighting the essential role of a cure in relieving acromegaly-associated symptoms.

Hypertension, sleep apnea, hypertriglyceridemia, diabetes mellitus, thyroid nodules, colon polyps, osteoporosis and osteoarthritis were among the most common comorbidities in this population, similar to those published in other cohorts (3, 5, 6, 23, 51). Several studies demonstrated that high levels of GH and IGF-1 impaired psychological and cognitive function (3, 52–54). The results of our study revealed that reduced learning ability, anxiety and insomnia existed in more than one-fifth of patients and memory deterioration existed in over 70% of the patients at follow-up. This result unveiled and proved the considerable psychological and cognitive burdens on patients with acromegaly even after treatment (55).

The clinical relevance of the number of comorbidities has not been elucidated. One recent study showed that more comorbidities were associated with lower AcroQoL scores (56). Our result was similar in that patients with more comorbidities had lower scores on the EuroQoL visual analogue scale.

Disfigurement, physical problems, and psychological disorders caused by acromegaly and the frequent need for treatment contribute to unemployment among patients with acromegaly (14, 32, 57). In this population, over one-fourth of the patients became unemployed after being diagnosed with acromegaly. The finding that comorbidities affected unemployment and income was unexpected. Patients with more comorbidities were more likely to be unemployed and had lower personal annual incomes than those with <3 comorbidities. Provision and improvement of appropriate social services for patients in need of assistive devices, personal care services, and psychological consultations are needed.

Treatments for acromegaly contribute to substantial economic burdens for patients (14, 15). In this study, the mean personal cost of treatment was $11013 (€9333) among Chinese patients, which was lower than the €12000 to €14000 estimated in Western countries (14, 32). The same conclusion was reached by our study and by previous studies, that drugs for medical treatments were the largest contributors (67%) to cost (14, 32, 58). Interestingly, although the total economic burden of medical treatment was more than twice that of surgery, the personal costs of drugs in patients undergoing medical treatment was similar to that of surgery in patients undergoing surgical treatment, indicating that the large number of patients receiving medical treatment led to the huge economic burden associated with treatment.

Although the gross domestic product in China ranks second in the world, the per capita disposable income was only $4092 in 2018 (http://www.stats.gov.cn/). In patients treated in 2018, the personal and family annual incomes were $7248 and $14496, respectively, which were higher than the national per capita level. Only 85% of patients were able to pay the after-reimbursement treatment cost by themselves or with help from family members. Advocating for universal medical insurance, increasing the reimbursement amount, and reducing the unemployment rate to increase income would help patients complete multimodal treatments and increase the cure rate in China.

The current study has limitations. First, the results of this study were all derived from the survey data of 473 patients from the CAPA. Although these respondents were representative, as they were diagnosed between 1996 and 2019 and from 32/34 China’s PARs, there are inevitable gaps between their characteristics and the real-world data. The China Pituitary Adenoma Specialist Council (CPASC, http://www.cpasc.cn/) was established in 2012 with 80 excellent pituitary tumor centers across the country and aimed to analyse the clinical outcomes and standardize the diagnosis and treatment procedures of patients with pituitary adenomas, including acromegaly, in China. However, no publicly available patient data have been released yet. As the former head of CPASC, our institution is urging the group to speed up the data collection process and strive to complete large-scale studies based on the Chinese population. Second, the overall response rate for our questionnaire survey was approximately 80%, leading to patient selection bias into this study. Third, we only recorded the costs of surgery, medical treatment and radiotherapy in the treatment cost portion of the survey. Adding comorbidity treatment costs, medical examination expenses, and indirect expenses such as transportation fees, missed earnings and hospitalization expenses into the analysis might lead to more valuable findings for policy-makers.



Conclusions

This nationwide study provided the first comprehensive and robust description of patients with acromegaly in China, serving as an initial and essential step for further population-based studies. The current study revealed the similarities and differences between China and other nations in terms of acromegaly-associated clinical practice and healthcare systems, and we believe that these findings suggest implications for the management of patients with acromegaly and better allocations of healthcare resources.
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