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Objective

The aims of the present study were to investigate gender differences in the clinicopathological features, distant metastasis and prognosis of pancreatic neuroendocrine neoplasms (pNENs) in a Chinese population, and to identify any important gaps in the classification and management of pNENs relative to gender.



Methods

Retrospective collection of the clinicopathological data of 193 patients with pathologically confirmed pNENs were analyzed and follow up was extended to observe the prognosis of the disease. Differences between genders in basic characteristics, clinical symptoms, comorbidities, and tumor parameters were analyzed.



Results

There was no significant difference in females and males, however, moderately higher for females (52.8% vs. 47.2%), with the largest subgroup being 40~60 years of age (54.9%). Age at onset (P=0.002) and age at diagnosis (P=0.005) were both younger in females compared to males. Males lived more in urban areas and females lived more in rural areas (P=0.047). The proportion of smokers and alcohol drinkers was significantly higher in males than in females (P < 0.001). Non-functional pNENs were more frequent in males and functional pNENs in females (P=0.032). In women, functional status of the tumor was significantly associated with metastatic outcome (P=0.007) and functional tumors proved to be a protective factor compared to non-functional tumors (OR=0.090,95% CI: 0.011~ 0.752). There were no gender differences in tumor size, location, grade, stage or prognosis.



Conclusions

Gender differences in some clinicopathological features, and distant metastasis in patients with pNENs were identified, which suggested certain management details that justified emphasis based on gender.
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1 Introduction

There are gender differences in the occurrence of tumors. Of the 35 major anatomical sites in the human body such as liver, lung and stomach, men have a higher risk of developing tumors than women at 32 of these sites, and even after excluding genital tumors and adjusting for regional and environmental influences, men still dominate in the occurrence of tumors (1). It appears, therefore, that gender might have an independently important impact on tumorigenesis. Furthermore, gender might also influence the spread of tumors (2). The study of tumor development based on gender is an area that still needs to be investigated in depth (3, 4).

Neuroendocrine neoplasms (NENs) originate from neuroendocrine cells and can express neuroendocrine markers. A study by Man D et al. found gender differences in overall survival of the disease, with women having a higher mortality rate than men (5). NENs can occur in the gastrointestinal tract, pancreas, lung, and thymus, with the pancreas being the most common site of occurrence. The National Cancer Institute Surveillance, Epidemiology, and End Results (SEER) reported that the incidence of pNENs has been increasing annually, from 0.18 per 100,000 in 1973 to 0.81 per 100,000 in 2012, which is likely due at least in part to improved detection and increased awareness of the disease among clinicians, but even so, they account for only 1% to 2% of pancreatic tumors (6, 7). Currently, there is a lack of epidemiological data on this disease in China. Reported gender differences in the prevalence of pNENs are inconsistent, and may be related to factors such as race, environment, and lifestyle (5, 8). However, in general, the prevalence is higher in men than in women (9). Moreover, there are reports that gender differences also impact survival time, mortality, and disease prognosis (10, 11). Most published studies on pNENs in China and worldwide have only studied “gender” as a possible risk factor affecting disease prognosis, and rarely analyzed whether there were differences in clinicopathological characteristics between genders.

Therefore, the present study was conducted to determine whether there were gender differences in the clinicopathological features, distant metastasis, and prognosis of pNENs in the Chinese population, and if there were, provide a basis for subsequent gender-based classification and management of pNENs.



2 Patients and methods


2.1 Study population

This was a retrospective hospital-based study that included patients with pathologically confirmed pNENs from January 2010 to November 2021 at Union Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China. Exclusion criteria included the following: patients with incomplete medical records, exocrine pancreatic malignancy, and hereditary diseases such as multiple endocrine neoplasia type 1 (MEN1), neurofibromatosis type 1 (NF1), Von Hippel-Lindau (VHL) syndrome, and tuberous sclerosis complex (TSC). Patient demographics, residence, educational level, clinical symptoms and comorbidities. Additionally, tumor characteristics were recorded including type, grade, stage, location, and size.

The place where the patient lived continuously for more than ten years was defined as the residence, which was divided into urban and rural areas. According to the educational level, patients were divided into the following groups: illiterate, primary school, junior high school, high school and technical secondary school, and college and above. Additional potential risk factors included personal history of smoking (10 cigarettes/day) or drinking (100 ml/day) for ≥3 years prior to admission, and were classified into the smoking or drinking groups.

According to Chinese body mass index (BMI) standards, patients were divided into four subgroups: lean (BMI ≤ 18.4 kg/m2), normal (BMI 18.5~23.9 kg/m2), overweight (BMI 24.0~27.9 kg/m2) and obese (BMI ≥ 28 kg/m2).

The location of the tumor was divided into the head or neck and the body or tail of pancreas. Patients were classified according to whether the tumor secreted peptide hormones or biogenic amines and produced corresponding clinical symptoms—functional pancreatic neuroendocrine neoplasms (F-pNENs) and non-functional pancreatic neuroendocrine neoplasms (NF-pNENs), respectively (12). Insulinomas were the most common F-pNENs, and clinical symptoms were caused by hypoglycemia, including autonomic symptoms, neuropsychiatric symptoms, and rarely, symptoms of local tumor compression.

Using the grading criteria in the 2019 World Health Organization (WHO) classification of endocrine organ tumors (13), the tumors were divided into two categories, highly and poorly differentiated. The highly differentiated tumors were further classified according to mitotic rate (2 mm2) and Ki-67 index (%): G1 (low grade, mitotic rate: <2 + Ki-67: <3%), G2 (intermediate grade, mitotic rate: 2~20 + Ki-67: 3~20%), and G3 (high grade, mitotic rate: >20 + Ki-67: >20%). Using the 8th American Joint Commission on Cancer (AJCC) TNM staging criteria for pNENs (14), the tumors were classified as stage I (T1N0M0), II (T2~3N0M0), III (T4N0M0, TanyN1M0), and IV (TanyNanyM1). Distant metastases were further subdivided into 3 subtypes: M1a indicated tumor metastasis confined to the liver; M1b indicated tumor metastasis outside the liver, such as lung, ovary, non-regional lymph nodes, peritoneum, and bone; and M1c indicated tumor metastasis in both liver and extra-hepatic organs. In addition, for patients with distant metastases, we analyzed whether there were gender differences and further explored the effect of tumor functional status on metastatic outcomes in different genders.

Follow-up was obtained from the medical record and telephone interviews, and the endpoint event was defined as any form of tumor progression, such as recurrence or metastasis, with a deadline of March 2022. Progression-free survival (PFS) was defined as the time from the day of the patient’s surgery to the occurrence of an endpoint event.



2.2 Statistical analysis

The data were statistically analyzed using SPSS 26.0 software. Kolmogorov-Smirnov was used to test whether the continuous variable data conformed to the normal distribution. The data conforming to the normal distribution were expressed as the mean ± standard deviation (SD), otherwise, the median M (P25, P75) was used. Comparisons between groups were performed using independent samples t-test or nonparametric rank-sum test. Categorical data included two categories of count data and rank data, both expressed as numbers and percentages (n, %), and the chi-square test and nonparametric rank sum test were used for comparison between groups, respectively. P < 0.05 was considered statistically significant.




3 Results


3.1 Characteristics of patients


3.1.1 Basic characteristics

The study comprised 193 patients including 102 females (52.8%) and 91 males (47.2%), with a mean age at onset of 48.4 ± 13.9 years (range:12~80 years), and at diagnosis of 51.0 ± 13.2 years). Patients were grouped into 20-year age intervals, with the highest number of patients (101, 54.9%) in the 40~60 years age subgroup (Figure 1). Both the mean age at onset (51.7 ± 14.9 years vs. 45.4 ± 12.4 years, P=0.002) and mean age at diagnosis (53.8 ± 14.1 years vs. 48.5 ± 12.0 years, P=0.005) were higher in men compared to women (Table 1).




Figure 1 | Number of males and females in each age subgroup.




Table 1 | Comparison of basic characteristics between different genders.



The mean BMI of all patients was 23.8 ± 3.7 kg/m2, with no statistically significant difference between men and women (P=0.765). After grouping according to BMI, both men (n=38, 46.9%) and women (n=52, 54.2%) were predominantly within the normal range, and there was no gender difference between the subgroups (P=0.946).



3.1.2 Residence

There were modestly more patients from urban than from rural areas (52.2% vs. 47.8%). Statistically, males resided significantly more in urban areas (n=50, 60.2%), and females resided more in rural areas (n=54, 54.5%) (P=0.047). Males were more educated than females (P=0.002) (Table 1).



3.1.3 Smoking and drinking

We collected data on the personal history of smoking and drinking in 183 patients (84 males and 99 females). Smoking and drinking alcohol accounted for only 10.9% and 7.1%, respectively. However, the proportions of men who smoked and drank alcohol were 22.6% and 14.3% respectively, compared to only 1.0% and 1.0% for women, both statistically significant (P < 0.001) (Table 1).




3.2 Clinical symptoms and comorbidities

Almost all patients with insulinoma (96.5%) had clinical symptoms at disease onset, including neuropsychiatric symptoms (84.9%), most commonly dizziness; followed by autonomic symptoms (55.8%), such as tachycardia, weakness and cold sweat. Only 3.5% of patients experienced local compression symptoms (Figure 2). No statistical differences were present between genders in all three major categories of symptoms. Most patients with glucagonoma had symptoms of itching and rash all over the body.




Figure 2 | Gender differences in clinical symptoms of patients with insulinoma.



The most common comorbidity in patients with pNENs was chronic cholecystitis (n=29, 15.0%), followed by gallstones (n=21, 10.9%) and hypertension (n=21, 10.9%). Women with pNENs had a higher rate of hypothyroidism than men (women: 6.9%; men: 1.1%), but the proportion of men with other comorbidities was more than that of women (Figure 3). Nevertheless, the gender differences relative to comorbidities did not reach statistical significance.




Figure 3 | Gender differences in comorbidities of patients with pNENs.





3.3 Characteristics of tumors


3.3.1 Size, location and subtype

The mean tumor size was 2.5 ± 1.7 cm with no gender differences (males 2.5 ± 1.8 cm vs. females 2.5 ± 1.7 cm, P=0.893). The tumors were mostly located in the body or tail of pancreas in males (n=40, 53.3%), while in females they were mostly located in the head or neck of pancreas (n=41, 51.3%). The tumors were mostly non-functional (n=103, 53.4%). NF-pNENs were more frequent in males compared to females (61.5% vs. 46.1%, p=0.032) (Table 2). Among F-pNENs, insulinomas were the most common (n=86, 95.6%), followed by glucagonomas (n=4, 4.4%). The percentage of insulinomas was significantly higher in females than in males (52.9% vs. 35.2%), but no statistical difference was observed.


Table 2 | Comparison of characteristics of tumors between different genders.





3.3.2 Grade and stage

Pathological data was available for 167 patients, and the tumor grading was as follows: low-grade G1 (n=92, 55.1%) was the most common, followed by mid-grade G2 (n=71, 42.5%), and high-grade G3 was rare (n=4, 2.4%). The proportion of males with G1 was slightly higher than that of females (58.2% vs. 52.3%), the difference was not statistically significant (P=0.441). Staging included 36.5% stage I,50.0% stage II, and 13.5% stage III and IV; there was no statistical difference between genders (P=0.279) (Table 2).




3.4 Distant metastasis

Distant metastases were identified in 11.4% of patients at the time of consultation, and the most common site was the liver (n=15, 68.2%). Although the number of males (n=13) was slightly more than that of females (n=9), there was no difference in the proportions (males:14.3%; females: 8.8%; P=0.233) (Table 3). The effect of functioning status on metastatic outcome in different gender patients was assessed using a stratified chi-square test; in women, functional status was significantly associated with metastatic outcome (P=0.007), whereas no such association was found in males (P=0.54). Additionally, functional tumors proved to be a protective factor for metastatic outcome compared to non-functional tumors in women (OR=0.090, 95% CI: 0.011~0.752), while the same result was not observed in males (Table 4).


Table 3 | Gender differences in distant metastasis and prognosis.




Table 4 | Statistical results on the effect of functionality on metastatic outcomes in patients of different genders.



Although we found that men (n=20, 23.5%) had a slightly higher rate of postoperative recurrence or metastasis compared with women (n=17, 17.7%), the difference was not statistically significant (P=0.332). Similarly, no difference in PFS was observed between genders (P=0.449) (Table 3).




4 Discussion

Gender differences in certain cancers are undeniable (4). pNENs, the second most common epithelial neoplasms of the pancreas (15), still fall into the category of rare diseases. Gender differences in susceptibility to pNENs have been reported abroad, and the impact of gender on this disease is gaining attention. To our knowledge, this retrospective study is the first based on gender differences in clinicopathological characteristics and risk of metastasis of pNENs in a Chinese population. The study included patients with pathologically confirmed pNENs and excluded non-pure pNENs, which allowed the study to provide a better dataset than other reports.

The key to gender differences is the sex chromosomes, and the study by Haupt S et al. found that gene expression from the sex chromosomes differs between males and females, which then leads to differences in tumor susceptibility (4). Scarpa A et al. performed genome-wide sequencing of 102 primary pNENs, characterized the mutations they carried and highlighted the key role of base excision repair defects due to inactivation of MUTYH, which encodes a DNA glycosylase (16). Recent research evidence suggested that mutants MEN1, DAXX, DMD, SETD2, ATRX and CREBBP were abundant in advanced pNENs (17). In addition, it was found that estrogen exposure could inhibit tumor growth in pNENs and that pNENs with good prognosis expressed higher estrogen receptor β (ERβ), which was associated with elevated expression of upregulated estrogen-induced genes (18, 19). Thus, estrogen appears to play an important role in the development of pNENs, but its specific mechanism of action still needs to be further investigated.

There is still a lack of large-scale epidemiological investigational data of pNENs in China, and the available foreign studies seem to show inconsistent results. In the American population, pNENs are more prevalent in men, which is the same in the Canadian population. In contrast, survey reports based on the Italian population demonstrate that pNENs tend to occur more frequently in women (9, 20, 21). This is an interesting phenomenon that prompts us to pay attention to gender differences in the prevalence of pNENs in different regions and between different ethnic groups. And it also suggests that environmental factors may have some influence on the occurrence of pNENs. The differences in medical resources and educational level in different regions may be related to these gender differences (22). Specifically, the educational level and overall medical resources of domestic urban areas are generally higher than those in rural areas. In addition, there are gender differences in the average BMI of Chinese residents, that is, the average BMI of males is higher than that of females (23). However, in this study, there were no differences in BMI between men and women, likely reflecting multifactorial influences such as age, region, and dietary habits.

Multiple meta-analyses have shown that smoking and drinking are risk factors for the occurrence of pNENs (24, 25). It is well accepted that for cardiovascular disease, diabetes, cancer and other diseases, smoking and drinking are influencing factors that potentially can be controlled (26). The two are closely related to the occurrence, development, and prognosis of certain tumors (27–29). The proportion of male smokers and drinkers was significantly higher, which may be related to the higher incidence of comorbidities in males. However, due to the heterogeneity of existing studies, the specific effects of tobacco and alcohol on pNENs are unclear (25). A prior study attested to a bidirectional relationship between diabetes and the development of pancreatic tumors (30). In addition, gallbladder disease has also been identified as a major risk factor for pancreatic cancer (31). However, whether there is a correlation between or an increased risk of these comorbidities and the development of pNENs, more evidence is needed.

Consistent with the results of existing studies, this study did not detect gender differences in any characteristics of the actual tumors, such as size, location, or grade (32). However, a recent study pointed out that there are gender differences in the pathological grading of tumors, with females presenting more often with low-grade tumors (33). The relationship between gender and tumor grade still needs to be further explored. The traditional view is that functionality is strongly associated with disease prognosis and survival (34, 35), but this remains to be clarified. Studies have found that functionality is an independent influencing factor when univariate analysis is performed, but when multifactorial analysis is performed, the association with disease prognosis and survival was not sustained (36, 37). Some studies have pointed out that the poor prognosis of patients with NF-pNENs may be due to atypical or no early clinical symptoms and late diagnosis (36). Gender appeared to be a risk factor affecting the prognosis of tumors, but this was also limited to univariate analysis (38). For patients with NF-pNENs, gender has been shown to be an independent influencing factor for prognosis (39). The disease may affect the quality of life of patients differently by gender, however, gender differences are grossly underestimated in clinical practice. Adequate understanding of gender-related differences is essential to improve the quality of life and prognosis of patients (40).

Our study found that NF-pNENs were more prevalent in men whereas F-pNENs were more prevalent in women, which is certainly one of our innovative findings, and the exact mechanism needs to be further explored. Hong X et al. used whole genome/whole exome sequencing (WGS/WES) technology to clarify genetic differences between F-pNENs and NF-pNENs, with the latter having copy number variant (CNV) amplification, copy neutrality and deletion, while the former lacked CNV deletion. NF-pNENs with CNV amplification and deletion are at increased risk of recurrence, suggesting a poor prognosis for the tumor (41). We found that there was no gender difference in tumor metastasis outcome, but when the functional status of tumors was included in the analysis, it was found that for women, the probability of metastasis of NF-pNENs was higher than that of F-pNENs, and non-functional tumors were a risk factor for distant metastasis, which was not shown in males. In addition, this study also found that the most common site of metastasis for pNENs, regardless of gender, was the liver, which has been confirmed by several studies (42–46). Therefore, for women diagnosed with NF-pNENs, systemic examinations to determine whether the tumor has metastasized, especially to the liver, should be emphasized, and this population requires ongoing, careful monitoring.



5 Conclusions

A total of 193 patients were collected in this study. The number of patients was quite large, which to a certain extent can reflect the epidemiology of the disease in the Chinese population, at least in the population of Hubei Province. We found that females have earlier onset and diagnosis than males. Clinicians should pay attention to strengthening the screening for the disease in the 40~60-year-old age group. In addition, there appear to be regional differences in the occurrence of the disease. There are gender differences in the residence and educational levels of patients with pNENs; males tend to be from urban areas and females tend to be from rural areas, and men have higher education levels than women. NF-pNENs are more prevalent in men and F-pNENs in women. Tailoring of management in women diagnosed with NF-pNENs should be particularly alert to the possibility of liver metastasis.



6 Limitations

1. This is a retrospective study with the usual associated limitations. 2. Although this study is based on a Chinese population, the population principally included residents of Hubei Province, China, the applicability of the results may be limited by the region. 3. In this study, F- pNENs were dominated by insulinomas, followed by the rare glucagonoma; gender differences in other types of F-pNENs could not be analyzed.
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OEBPS/Images/table2.jpg
Parameter All (N=193) Male (N=91) Female (N=102) Detection value P value

Size, cm 25+17 25+18 25+17 t=-0.135 0.893
Location, n (%) 155 75 80 x* = 0325 0.568
Head or neck 76 (49.0%) 35 (46.7%) 41 (51.3%)

Body or tail 79 (51.0%) 40 (53.3%) 39 (48.7%)

Subtype, n (%) ** = 4.619 0.032
Functional 90 (46.6%) 35 (38.5%) 55 (53.9%)

Non-functional 103 (53.4%) 56 (61.5%) 47 (46.1%)

Grade, n (%) 167 79 88 2=-0.770 0.441
Gl 92 (55.1%) 46 (58.2%) 46 (52.3%)

G2+G3 75 (44.9%) 33 (41.8%) 42 (47.7%)

Stage, n (%) 170 83 87 2=-1.083 0.279
I 62 (36.5%) 29 (34.9%) 33 (37.9%)

1 85 (50.0%) 39 (47.0%) 46 (52.9%)

11 4 (23%) 1(1.2%) 3 (3.5%)

iV 19 (11.2%) 14 (16.9%) 5 (5.7%)

The meaning of the bold values is P<0.05.





OEBPS/Images/table4.jpg
Gender Detection value P value OR 95% CI

Male x> =0.379 0.538 0.674 0.191~2.380
Female X =7.281 0.007 0.090 0.011~0.752

The meaning of the bold values is P<0.05.





OEBPS/Images/table3.jpg
Parameter All (N=193) Male (N=91) Female (N=102) Detection value P value

Distant metastasis, n (%) 22 (11.4%) 13 (14.3%) 9 (8.8%) x* = 1.421 0.233
Progress, n (%) 37 (20.4%) 20 (23.5%) 17 (17.7%) X =0.939 0.332
PFS, months 52 (32.5,87.5) 52 (34.0,98.0) 54 (29.3,84.3) 2=-0.758 0.449
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OEBPS/Images/table1.jpg
Parameter All (N=193) Male (N=91) Female (N=102) Detection value P value

Age at onset, years 48.4 + 139 51.7 £ 149 454 + 124 t=3.143 0.002
Age at diagnosis, years 51.0 £ 132 53.8 £ 14.1 485+ 12.0 t=2.840 0.005
BMI, kg/m2 238 +£37 237 £3:1 239 +42 t=-0.300 0.765
BMI subgroups, n (%) 177 81 96 2=-0.0067 0.946
<184 12 (6.8%) 5 (6.2%) 7 (7.3%)

18.5~23.9 90 (50.8%) 8 (46.9%) 52 (54.2%)

24.0~27.9 45 (25.4%) 31 (38.3%) 14 (14.6%)

>28 30 (17.0%) 7 (8.6%) 23 (23.9%)

Residence, n (%) 182 83 99 = 3.956 0.047
Urban areas 95 (52.2%) 50 (60.2%) 45 (45.5%)

Rural areas 87 (47.8%) 33 (39.8%) 54 (54.5%)

Educational level, n (%) 181 84 97 z=-3.116 0.002
literate 15 (8.3%) 1 (1.2%) 4 (14.4%)

Primary school 18 (9.9%) 5 (6.0%) 3 (13.4%)

Junior high school 57 (31.5%) 9 (34.5%) 8 (28.9%)

High school and technical secondary school 36 (19. 9%) 7 (20.2%) 19 (19.6%)

College and above 55 (30.4%) 2 (38.1%) 23 (23.7%)

Smoking, n (%) 20 (10.9%) 9 (22. 6%) 1 (1.0%) x* =21.798 <0.001
Drinking, n (%) 13 (7.1%) 2 (14.3%) 1 (1.0%) = 12136 <0.001

The meaning of the bold values is P<0.05.





