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Abstract
BACKGROUND
Gallbladder mucinous adenocarcinoma (GBMAC) is a rare subtype of gallbladder adenocarcinoma (GBAC), with limited knowledge of its survival outcomes from small case series and single-center retrospective analysis.

AIM
To compare the clinicopathological characteristics of GBMAC with typical GBAC and its prognostic factors to gain insights into this field.

METHODS
This study was conducted using data from the Surveillance, Epidemiology, and End Results database, including cases of GBMAC and typical GBAC diagnosed from 2010 to 2017. The Pearson chi-square test or Fisher exact test was used to examine the differences in clinicopathological features between these two cohorts. In addition, propensity score matching (PSM) analysis was performed to balance the selection biases. Univariate and multivariate Cox hazards regression analyses were performed to determine independent prognostic factors for cancer-speciﬁc survival (CSS) and overall survival (OS). The Kaplan–Meier curves and log-rank tests were used to assess the OS and CSS of GBMAC and typical GBAC patients.

RESULTS
The clinicopathological and demographic characteristics of GBMAC were different from typical GBAC. They included a larger proportion of patients with unmarried status, advanced American Joint Committee on Cancer (AJCC) stage, higher T stage, higher N1 stage rate, and lower N0 and N2 stage rates (P < 0.05). Multivariate analyses demonstrated that surgery [OS: Hazard ratio (HR) = 2.27, P = 0.0037; CSS: HR = 2.05, P = 0.0151], chemotherapy (OS: HR = 6.41, P < 0.001; CSS: HR = 5.24, P < 0.001) and advanced AJCC stage (OS: Stage IV: HR = 28.99, P = 0.0046; CSS: Stage III: HR = 12.31, P = 0.015; stage IV: HR = 32.69, P = 0.0015) were independent prognostic indicators for OS and CSS of GBMAC patients. Furthermore, after PSM analysis, there was no significant difference between GBMAC and matched typical GBAC patients regarding OS (P = 0.82) and CSS (P = 0.69). 

CONCLUSION
The biological behaviors of GBMAC are aggressive and significantly different from that of typical GBAC. However, they show similar survival prognoses. Surgery, chemotherapy, and lower AJCC stage were associated with better survival outcomes. Further research is needed in the future to verify these results.
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Core Tip: Gallbladder mucinous adenocarcinoma (GBMAC) is a rare subtype of gallbladder adenocarcinoma (GBAC), with limited knowledge of its survival outcomes. Based on a large database, we compared the clinicopathological characteristics of GBMAC with typical GBAC and identified prognostic factors for GBMAC. The results showed that the biological behaviors of GBMAC are significantly different from typical GBAC, while survival outcomes for GBMAC patients were not worse than those for typical GBAC patients. Surgery, chemotherapy, and lower American Joint Committee on Cancer stage were associated with better survival outcomes.

INTRODUCTION
Although gallbladder carcinoma (GBC) is rare, only accounting for 0.6% of all cancers worldwide in 2020[1], it is the most common biliary tract cancer (BTC) worldwide and the sixth most common gastrointestinal tumor[2]. GBC is widely regarded as a highly aggressive malignancy with a poor overall 5-year survival rate of less than 5% and median overall survival (OS) of only six months[3,4]. Histologically, the majority of GBCs are adenocarcinomas, accounting for approximately 85%-90% of all cases, and other unusual subtypes include squamous, adenosquamous, adenoacanthomas, and undifferentiated carcinomas[5]. 
Lack of specific symptoms and less frequent clinical suspicion leads to difficulty in improving the outcomes of GBC. Surgical resection is the only potentially curative treatment for GBC. However, most GBCs are diagnosed at an advanced stage, rendering them ineligible for surgery. Even after surgery, the prognosis of GBC patients remains dismal due to a significant recurrence rate[6,7]. Although several novel prognostic factors have been identified in recent years, the prognosis of patients with gallbladder cancer is still poor[8,9]. Furthermore, the biological features, clinical manifestations, and prognoses are obviously different in various histological subtypes of GBC.
Gallbladder mucinous adenocarcinoma (MAC) (GBMAC) is an uncommon subtype of gallbladder adenocarcinoma (GBAC), accounting for 5%-10.8% of reported series[10,11]. GBMAC is histologically defined as adenocarcinoma with a volume of extracellular mucin accumulation above 50% of the tumor[12]. The abnormal amounts of mucin expression, caused by the deregulation of mucin core protein expression in adenocarcinoma, disrupts cell-cell interactions, thereby promoting cell plasticity and anchorage-independent growth, which contributes to tumor invasion and invasion metastasis[13-15]. Therefore, GBMAC has unique clinicopathological characteristics and prognosis. 
Due to the rarity of GBMAC, there are few large randomized clinical studies of GBMAC, and characterization of clinicopathological features, prognosis, and clinical risk factors have been limited to individual case reports or small retrospective series[16-18]. With limited understanding, clinical practices in typical GBAC are also applied to GBMAC. However, GBMAC has distinct histologic, clinical, and molecular features, thus making a differential approach necessary. The clinical prognosis of GBMAC compared to typical GBAC remains unknown. Several studies reported that GBMAC possesses a more aggressive behavior and worse prognosis than typical GBAC[18]. The Surveillance, Epidemiology, and End Results (SEER) database is the largest cancer dataset established by the National Cancer Institute, covering about one-third of the United States' total population, providing cancer incidence and survival data to explore rare tumors[19]. Therefore, in this study, we performed a retrospective analysis to investigate clinicopathologic characteristics, prognostic factors, and treatment outcomes for GBMAC by comparing GBMAC patients and typical GBAC patients using data from the SEER database.

MATERIALS AND METHODS
Data source
This retrospective study was conducted using data from the SEER database, collected from 18 established cancer registries covering about a third of the United States population[20]. This database contains cancer patients' demographic, clinicopathological, and survival data. The database used in this research was named Incidence-SEER Research Plus Data, 18 Registries, November 2020 Sub (2000-2018). SEER*Stat Software (www.seer.cancer.gov, version 8.4.0) was used to extract data on gallbladder cancer patients from the SEER database. This study is in accordance with all relevant ethical standards, the 1964 Helsinki Declaration, and its later amendments. The SEER database is a large public-use database, and the data released by the SEER database do not require institutional approval or informed patient consent.

Patient selection
Cases of GBMAC and typical GBAC diagnosed between January 2010 and December 2017 were included in this study. The 3rd edition International Classiﬁcation of Disease for Oncology (ICD-O-3) criteria was used to identify patients with GBMAC (ICD-O-3 codes: 8480/3 and 8481/3) and typical GBAC (ICD-O-3 code: 8140/3 and 8144/3). We carefully screened these patients for analysis. We only included the patients with these tumor sequence numbers labeled "one primary only" and histologic conﬁrmation from biopsy or surgical pathology. Patients with no vital status information and unknown American Joint Committee on Cancer (AJCC) stage were excluded. Finally, 187 GBMAC patients and 4524 typical GBAC patients were included in the study. The flowchart of the patient selection process is summarized in Figure 1.

Data collection
The following variables were extracted: Age at diagnosis, sex, race, marital status, histological grade, surgery status, chemotherapy status, radiotherapy status, AJCC stage, T stage, N stage, M stage, survival months, cause of death, and vital status. The 7th edition AJCC staging system was applied. The variable age was dichotomized as < 60 and ≥ 60. 

Statistical analysis
As mentioned above, to analyze the prognostic factors of GBMAC, the clinicopathological features and OS of these GBMAC patients were compared with a large cohort of typical GBAC patients. The baseline characteristics of the GBMAC and typical GBAC cohort were displayed by the number and the percentage (n, %). The Pearson chi-square test or Fisher exact test was used to examine the differences between these two cohorts. In addition, a propensity score matching (PSM) analysis was performed to balance the differences and biases between the GBMAC and typical GBAC groups. The PSM model was based on race, marital status, radiotherapy status, and AJCC stage. The baseline characteristics of the GBMAC and typical GBAC were also determined in the matched data. Cancer-specific survival (CSS) was defined as the duration from the date of diagnosis until death due to cancer. Cox proportional hazards models were used to analyze associations of different variables with OS and CSS. Only variables signiﬁcantly associated with survival in the univariate Cox analysis were included in the multivariate Cox analysis. Hazard ratios (HRs) and 95% conﬁdence intervals (CIs) were calculated, and the univariate and multivariate Cox analyses were applied to the whole and matched data set. Moreover, the Kaplan-Meier method was used to establish the survival curves, and the log-rank test was used to assess any signiﬁcant diﬀerences in OS and CSS stratiﬁed by histology before and after PSM. The Kaplan-Meier method and log-rank test were also applied in the univariable survival analysis to identify statistically significant covariates associated with CSS. Statistical analyses were performed using the R software (version 4.1.2). A two-sided P value less than 0.05 was considered statistically significant. 

RESULTS
Demographic and clinicopathological characteristics
A total of 4711 patients were identified from the SEER database based on the inclusion and exclusion criteria mentioned. Among these included patients, 187 (3.97%) were GBMAC patients, and 4524 (96.03%) were typical GBAC patients. In our study, most of the basic demographic characteristics, including age, race, and sex, of GBMAC patients were not signiﬁcantly different from those of typical GBAC patients. At the same time, marital status showed a notable difference between the two cohorts (P = 0.024). The GBMAC cohort included a larger proportion of patients with unmarried status. Compared with typical GBAC, the pathological subtype of GBMAC was signiﬁcantly associated with advanced AJCC stage (P < 0.05), higher T stage (P < 0.05), and higher N1 stage rate and lower N0 and N2 stage rates (P < 0.05). Patients with AJCC stage III and IV tumors accounted for a larger proportion of GBMAC patients than typical GBAC patients (84% vs 73.5%, P < 0.05). T3-4 stage accounted for 56.1% of the GBMAC cohort while only making up 45.3% of the typical GBAC cohort. Moreover, N1 stage was found in 34.8% of the GBMAC patients, while N1 stage accounted for only 25.2% of patients in the typical GBAC cohort. 
After PSM analysis, there were 374 patients in the propensity score-matched cohort, with no significant differences in the characteristics between these two groups. The detailed demographic and clinical characteristics of the two cohorts within the whole dataset and PSM dataset are presented in Table 1.

Risk factors for OS and CSS in GBMAC
Univariate analyses for OS of GBMAC indicated that age at diagnosis, sex, race, and marital status were not significantly correlated with poor prognosis in GBMAC. However, poorly differentiated tumor (HR = 1.84, 95%CI: 1.03-3.27, P = 0.039), AJCC stage IV (HR = 9.94, 95%CI: 1.38-71.58, P = 0.023), T4 stage (HR = 2.59, 95%CI: 1.08-6.23, P = 0.033), and N2 stage (HR = 2.17, 95%CI: 1.14-4.12, P = 0.018) were associated with a poor prognosis in GBMAC. The results also showed that surgery, chemotherapy, and radiation could help GBMAC patients obtain a better prognosis in terms of OS (all P < 0.05). In multivariate analysis, only surgery (HR = 2.27, 95%CI: 1.31-3.96, P = 0.0037), chemotherapy (HR = 6.41, 95%CI: 4.07-10.09, P < 0.001), and AJCC stage IV (HR = 28.99, 95%CI: 2.83-297.29, P = 0.0046) were independent risk factors of OS.
Similar results were observed in multivariate analysis of CSS. In the univariate analyses of CSS, surgery, chemotherapy, AJCC stage IV, T4 stage, N2 stage, and M1 stage were all predictors of CSS in GBMAC patients (all P < 0.05). Additionally, multivariate analysis further demonstrated that only surgery (HR = 2.05, 95%CI: 1.15-3.66, P = 0.0151), chemotherapy (HR = 5.24, 95%CI: 3.44-8.00, P < 0.001), and AJCC stage III and IV (stage III: HR = 12.31, 95%CI: 1.63-93.01, P = 0.015; stage IV: HR = 32.69, 95%CI: 3.81-280.34, P = 0.0015) were independent prognostic indicators for CSS of GBMAC patients. The results of the univariate and multivariate COX regression analysis of the risk factors of OS and CSS in GBMAC patients are listed in Table 2.

Survival
Kaplan-Meier curves and log-rank analysis were established to show and compare the survival prognoses of different groups in the whole cohort. As for OS, there was no significant difference between GBMAC and typical GBAC patients in the whole cohort, and there was no significant difference between the two cohorts in terms of CSS (Figure 2A and B). In the PSM cohort, the log-rank test revealed that patients with GBMAC also had similar OS (P = 0.82) and CSS (P = 0.69) to matched typical GBAC patients (Figure 2C and D). In the PSM analysis, several baseline factors were matched except for age, sex, surgery, chemotherapy, histological grade, T stage, N stage, and M stage. Therefore, we made some extra adjustments to analyze these baseline factors. After different adjustments, the GBMAC group did not show significantly higher risks of overall mortality and cancer-specific mortality than the typical GBAC group (Table 3).
Among the GBMAC cohort, the Kaplan-Meier survival curves and log-rank test were also used to show how CSS changed with age at diagnosis (Figure 3A), sex (Figure 3B), race (Figure 3C), marital status (Figure 3D), histological grade (Figure 3E), surgery (Figure 3F), chemotherapy (Figure 3G), radiotherapy (Figure 3H), AJCC stage (Figure 3I), T stage (Figure 3J), N stage (Figure 3K), and M stage (Figure 3L). As for treatment, GBMAC patients who underwent surgery and chemotherapy achieved superior prognosis in terms of CSS (P < 0.05), while radiotherapy status did not predict the prognosis of these patients (Figure 3F-H). According to Figure 3I-L, AJCC stage, T stage, N stage, and M stage, the most traditional predictive prognosis model for gallbladder tumors, could reasonably predict the CSS (P < 0.05). A significantly poorer prognosis was detected in GBMAC patients with higher AJCC, T, N, and M stages. 

DISCUSSION
MAC is extremely rare, accounting for only 1% of all adenocarcinomas, and its prognostic value is still uncertain[21]. Our understanding of MAC is mainly based on colorectal MAC and breast MAC, the two most common sites for MAC. According to several previous studies, colon MAC did not show a prognostic diﬀerence compared to conventional adenocarcinomas in colon cancer[21-24]. However, MAC of the rectum has a significantly worse prognosis than conventional rectal adenocarcinoma[25]. On the contrary, mucinous breast cancer is associated with an improved survival outcome compared with other subtypes of breast cancer[26]. GBMAC is relatively uncommon in gallbladder cancer. Some published studies suggested that extracellular mucin could activate or suppress cellular pathways conferring specific biologic properties to these tumor cells, and consequently, GBMAC exhibits aggressive clinical behaviors[18,27].
Due to the infrequency of GBMAC, only a few studies explored its clinical characteristics and prognoses. As mentioned before, the SEER database, as a large database, could provide a comprehensive and large sample size cohort of cancer patients. To the best of our knowledge, there is still no study systematically analyzing the clinical characteristics, survival outcomes, and prognostic predictors of GBMAC based on the SEER database. Only two speciﬁc analyses of GBMAC exist with an extremely small number of recruiting patients[16,18]. Our research took advantage of the large data set from the SEER database to explore the clinicopathological characteristics and prognostic factors for GBMAC, representing the ﬁrst and the largest comparative analysis of GBMAC to date. 
In the present study, we compared the clinicopathological characteristics of GBMAC with typical GBAC. Patients with GBMAC tend to present with unmarried status, advanced clinical stage, higher T stage, higher N1 stage rate, and lower N0 and N2 stage rates. Consistently, the same tendency was reported in previous studies. A study published in 2012 showed that GBMACs were significantly correlated with advanced stage and a larger size at the time of diagnosis[18]. Another study by Zou et al. [16] indicated that GBMACs were associated with poor histological differentiation, higher CA19-9 level, larger tumor size, and higher lymphovascular and perineural invasion frequency, which directly affect the clinical stage of GBMACs[16]. Based on these investigations, we surmised that this phenomenon might be related to the aggressive biological features of MACs. Based on our study, unmarried marital status is also a significant determinant of GBMAC, and the majority of unmarried patients were female. We also hypothesize that there may be a correlation between GBMAC and estrogen exposure. However, no study has explored the relationship between GBMAC and estrogen exposure. Moreover, according to the SEER database, we cannot know if those unmarried women were nulliparous. Therefore, more research is needed to verify this speculation.
Like other subtypes of gallbladder cancer, patients with GBMAC had a poor prognosis. Therefore, the prognostic factors for survival should be seriously considered in making optimal treatment decisions. Based on the high-quality and large-sample data from the SEER database, we identiﬁed three independent prognostic predictors for GBMAC, including surgery status, chemotherapy status, and AJCC stage in terms of OS. Regarding CSS, the same prognostic factors for GBMAC were identified.
Currently, in terms of treatment for GBMAC, there is no guideline for the treatment of GBMAC due to the rarity of the histological type of tumor and lack of clinical trials. The therapy strategies for GBMAC referred to most gallbladder cancers, including surgery, radiotherapy, chemotherapy, targeted therapy, and even immunotherapy. Surgical resection remains the mainstay of treatment for GBCs, and radical resection with an R0 margin is considered the only curative treatment for GBCs[28]. In our study, as expected, surgery was the most commonly used therapy for patients with GBMAC, and Kaplan-Meier curves and log-rank tests indicated that surgery significantly increased CSS. In addition, from the univariate and multivariate Cox proportional hazards analyses, our study demonstrated that receiving surgery was an independent predictor of better prognosis in terms of CSS and OS. Therefore, surgical intervention should be taken if conditions permit in patients with GBMAC.
According to the National Comprehensive Cancer Network (NCCN) guideline, adjuvant chemotherapy is also a mainstay in treating BTCs. The BILCAP study, a multicenter phase Ⅲ study, randomized 447 patients with all types of biliary tract malignancies to receive adjuvant therapy or observation, demonstrating improved OS for patients who received adjuvant therapy[29]. This randomized clinical trial included 79 gallbladder cancer patients. A retrospective study by Akce et al. [30] also found that adjuvant systemic therapy was associated with improved OS in adenosquamous carcinomas and adenocarcinomas of the gallbladder[30]. Based on several clinical trials, chemotherapy has also been the standard first-line treatment for advanced BTCs. However, it is still unclear if chemotherapy could provide survival benefits to patients with GBMAC due to the absence of any gallbladder cancer-specific clinical trials. Our study suggested that chemotherapy was another treatment-related prognostic predictor. The log-rank test results and univariate and multivariate Cox proportional hazards analyses all indicated that chemotherapy could bring survival benefits for GBMAC patients regarding OS and CSS. Therefore, an optimal chemotherapy regimen should be administered in patients with GBMAC to increase their chances of survival.
Adjuvant chemoradiotherapy has been proven to improve the survival prognosis significantly and gradually become the mainstay of GBC treatment according to NCCN guidelines[31,32]. Only a retrospective study of patients with gallbladder cancer demonstrated that adjuvant chemoradiation therapy could prolong survival in patients with adenosquamous carcinomas[33]. It is still unclear if adjuvant chemoradiation was used in patients with GBMAC due to the lack of systematic analysis in this group of patients. In the current study, from the baseline characteristics, we found that the percentage of patients treated with radiation therapy was relatively low compared with that of patients with surgery and chemotherapy. Log-rank tests and univariate and multivariate Cox regression analyses of survival time in GBMAC patients stratiﬁed by treatment status suggested that the patients treated with radiotherapy had similar OS and CSS to those who did not receive radiotherapy. The association between radiotherapy and prognosis needs to be further evaluated. 
Moreover, our results indicated that GBMAC patients with advanced AJCC stage also exhibited worse survival outcomes. The AJCC staging system is the most common model for predicting the prognosis of cancer patients, including three parameters: T stage, N stage, and M stage[34]. The T stage reflects the tumor size; the N stage reflects the lymph node metastasis status; the M stage reflects the distant metastasis status. Our study confirmed the AJCC staging system's value in predicting GBMAC patients' survival outcomes, comparable to a previous study. Zou et al. [16] found that lymph node metastasis was independently correlated with shorter OS for GBMAC patients after curative-intent resection[16]. Consequently, regularly screening and diagnosing GBMAC at an early stage is essential. 
These prognostic variables can help clinicians determine individualized treatment options, design clinical studies, and adjust the follow-up treatments, which contributes to optimizing GBC therapy toward personalized medicine. 
As mentioned, the survival outcomes of MACs largely depend on tumor locations. With the lack of research on GBMAC, it is still controversial regarding the clinical outcomes of this rare subtype of GBC. The only two published studies on GBMAC considered GBMAC to be aggressive cancer with an associated poor outcome compared to typical GBAC[16,18]. However, these two retrospective analyses contained a very small number of GBMAC cases (15 patients and 54 patients, respectively). Another study summarizing the overall demographical and histopathological features of MACs showed that survival time between the two cohorts was essentially the same[21]. Therefore, the prognosis of GBMAC should be evaluated in more extensive and comprehensive studies. In our study, the log-rank analysis of the whole cohort, including 187 patients diagnosed with GBMAC and 4524 patients with typical GBAC, revealed that GBMAC patients experienced similar OS and CSS compared with those with typical GBAC. Although we performed a PSM analysis to account for the differences in race, marital status, clinical stage, and therapies applied, the two groups showed no significant difference in OS and CSS. In other words, a prognostic diﬀerence has not been established between MACs and typical adenocarcinomas in gallbladder cancers. This contradicts the results of the two previous studies regarding the prognosis of GBMAC and some reasonable inferences based on in vitro studies.
There are several possible explanations. Firstly, similar to rectal cancers, the introduction of preoperative radiotherapy and chemotherapy combined with advancing surgical modalities might narrow the gap in prognosis between GBMAC and GBAC[24]. Secondly, the prognoses of gallbladder cancers were poor, and no noticeable difference in OS or CSS existed between various histological subtypes. Furthermore, patients with GBMAC account for a very small group of cancer patients without clinical trials suitable for them, and consequently, no specific drugs have been approved for GBMAC. Given the disturbing status in this area, these patients are more willing to receive surgery the first time when diagnosed, which was the only known way of managing the disease until now.
There are still several limitations of our study that should be considered. Firstly, this study is retrospective research. Thus, significant differences in the sizes between the two cohorts and intrinsic selection biases exist in this study. Even though PSM analysis could minimize these biases, this process would also eliminate a large number of cases causing a sampling bias. Furthermore, the availability of some crucial clinical information was limited, such as information on molecular pathology, genetic profiles, details of treatment regimens, comorbidities, and tumor progression. The molecular-genetic features are prognoses' predictive factors, and molecular pathological and genetic investigations have been widely applied in clinical practice. Although the SEER database includes information regarding the therapy of GBMAC, it lacks the details of therapies (i.e., surgical margins, radiation dose, chemotherapy regimen, therapeutic response, and recurrence rate). A further prospective study with large sample size and more comprehensive prognostic information is desired to verify our ﬁndings.

CONCLUSION
In conclusion, we systematically compared the clinicopathological characteristics of GBMAC with typical GBAC. Compared with typical GBAC, GBMAC showed different demographical and clinicopathological features with aggressive biological behaviors. The OS and CSS were not worse for patients with GBMAC than those with typical GBAC. Furthermore, we explored the correlation between various variables and the survival time of GBMAC patients. Finally, three prognostic predictors for GBMAC patients were identified: Surgery, chemotherapy, and AJCC stage. This study provides clinicians with deeper insights into this rare subtype of GBC, and more research is needed to verify our results.

ARTICLE HIGHLIGHTS
Research background
Gallbladder carcinoma (GBC) is the most common biliary tract cancer worldwide and the sixth most common gastrointestinal tumor. GBC is widely regarded as a highly aggressive malignancy with a poor overall 5-year survival rate of less than 5% and median overall survival (OS) of only six months. The biological features, clinical manifestations, and prognoses are obviously different in various histological subtypes of GBC. Gallbladder mucinous adenocarcinoma (MAC) (GBMAC) is an uncommon subtype of gallbladder adenocarcinoma (GBAC) and has unique clinicopathological characteristics and prognosis.

Research motivation
Due to the rarity of GBMAC, there are few large randomized clinical studies of GBMAC, and characterization of clinicopathological features, prognosis, and clinical risk factors have been limited to individual case reports or small retrospective series. With limited understanding, clinical practices in typical GBAC are also applied to GBMAC. However, GBMAC has distinct histologic, clinical, and molecular features, thus making a differential approach necessary. The clinical prognosis of GBMAC compared to typical GBAC remains unknown.

Research objectives
We performed a retrospective analysis to investigate clinicopathologic characteristics, prognostic factors, and treatment outcomes for GBMAC by comparing GBMAC patients and typical GBAC patients using data from the Surveillance, Epidemiology, and End Results (SEER) database.

Research methods
This retrospective study was conducted using data from the SEER database. Cases of GBMAC and typical GBAC diagnosed between January 2010 and December 2017 were included in this study. Finally, 187 GBMAC patients and 4524 typical GBAC were included in the study. To analyze the prognostic factors of GBMAC, the clinicopathological features and OS of these GBMAC patients were compared with a large cohort of typical GBAC patients. The Pearson chi-square test or Fisher exact test was used to examine the differences between these two cohorts. In addition, a propensity score matching (PSM) analysis was performed to balance the differences and biases between the GBMAC and typical GBAC groups. The PSM model was based on race, marital status, radiotherapy status, and American Joint Committee on Cancer (AJCC) stage. The baseline characteristics of the GBMAC and typical GBAC were also determined in the matched data. Cox proportional hazards models were used to analyze associations of different variables with OS and cancer-specific survival (CSS). Only variables signiﬁcantly associated with survival in the univariate Cox analysis were included in the multivariate Cox analysis. Hazard ratios and 95% conﬁdence intervals were calculated, and the univariate and multivariate Cox analyses were applied to the whole and matched data set. Moreover, the Kaplan-Meier method was used to establish the survival curves, and the log-rank test was used to assess any signiﬁcant diﬀerences in OS and CSS stratiﬁed by histology before and after PSM. The univariable survival analysis applied the Kaplan-Meier method and log-rank test to identify statistically significant covariates associated with CSS. Statistical analyses were performed using the R software (version 4.1.2).

Research results
In our study, compared with typical GBAC, GBMAC was signiﬁcantly associated with unmarried status, advanced AJCC stage, higher T stage, higher N1 stage rate, and lower N0 and N2 stage rates. After PSM analysis, there were no significant differences in the characteristics between these two groups. After univariate and multivariate analyses, only surgery, chemotherapy, and AJCC stage IV were independent risk factors for OS of GBMAC patients. Similar results were observed in multivariate analysis of CSS. Surgery, chemotherapy, and AJCC stage III and IV were independent prognostic indicators for CSS of GBMAC patients. As for OS and CSS, there was no significant difference between GBMAC and typical GBAC patients in the whole cohort. In the PSM cohort, patients with GBMAC also had similar OS and CSS to matched typical GBAC patients.

Research conclusions
Compared with typical GBAC, GBMAC showed different demographical and clinicopathological features with aggressive biological behaviors. The OS and CSS were not worse for patients with GBMAC than those with typical GBAC. Furthermore, we explored the correlation between various variables and the survival time of GBMAC patients. Finally, three prognostic predictors for GBMAC patients were identified, including surgery status, chemotherapy status, and AJCC stage.

Research perspectives
A further prospective study with large sample size and more comprehensive prognostic information is desired to verify our ﬁndings.
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Figure 1 Flowchart of data selection of the gallbladder mucinous adenocarcinoma and typical gallbladder adenocarcinoma patients from the Surveillance, Epidemiology, and End Results database. GBMAC: Gallbladder mucinous adenocarcinoma; GBAC: Gallbladder adenocarcinoma.
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Figure 2 Survival analysis of gallbladder mucinous adenocarcinoma and typical gallbladder adenocarcinoma patients. A: Overall survival (OS) for patients with gallbladder mucinous adenocarcinoma (GBMAC) and typical gallbladder adenocarcinoma (GBAC) in the unmatched cohort; B: Cancer-speciﬁc survival (CSS) for patients with GBMAC and typical GBAC in the unmatched cohort; C: OS for patients with GBMAC and typical GBAC in the propensity score matching (PSM) cohort; D: CSS for patients with GBMAC and typical GBAC in the PSM cohort. GBMAC: Gallbladder mucinous adenocarcinoma; GBAC: Gallbladder adenocarcinoma.
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Figure 3 Cancer-speciﬁc survival changed with different variables in the gallbladder mucinous adenocarcinoma cohort. A: Cancer-speciﬁc survival (CSS) for gallbladder mucinous adenocarcinoma (GBMAC) patients < 60 years old and ≥ 60 years old; B: CSS for GBMAC patients according to sex; C: CSS for GBMAC patients according to race; D: CSS for GBMAC patients according to marital status; E: CSS for GBMAC patients according to histological grade; F: CSS for GBMAC patients with and without surgery; G: CSS for GBMAC patients with and without chemotherapy; H: CSS for GBMAC patients with and without radiotherapy; I: CSS for GBMAC patients according to American Joint Committee on Cancer stage; J: CSS for GBMAC patients according to T stage; K: CSS for GBMAC patients according to N stage; L: CSS for GBMAC patients according to M stage. 
[bookmark: _Hlk136979810]
Table 1 Comparison of clinicopathological characteristics between gallbladder mucinous adenocarcinoma and typical gallbladder adenocarcinoma before and after propensity score matching, n (%)
	Characteristic
	Unmatched cohort (n = 4711)
	Propensity score-matched cohort (n = 374)

	
	GBMAC (n = 187)
	Typical GBAC (n = 4524)
	P value
	GBMAC (n = 187)
	Typical GBAC (n = 187)
	P value

	Age (yr)
	
	
	0.955
	
	
	0.373

	< 60
	43 (23.0)
	1061 (23.5)
	
	43 (23.0)
	35 (18.7)
	

	≥ 60
	144 (77.0)
	3463 (76.5)
	
	144 (77.0)
	152 (81.3)
	

	Sex
	
	
	0.638
	
	
	0.064

	Female 
	127 (67.9)
	3158 (69.8)
	
	127 (67.9)
	144 (77.0)
	

	Male
	60 (32.1)
	1366 (30.2)
	
	60 (32.1)
	43 (23.0)
	

	Race
	
	
	0.257
	
	
	0.467

	White
	133 (71.1)
	3373 (74.6)
	
	133 (71.1)
	128 (68.4)
	

	Black
	34 (18.2)
	610 (13.5)
	
	34 (18.2)
	39 (20.9)
	

	Others
	20 (10.7)
	523 (11.6)
	
	20 (10.7)
	18 (9.6)
	

	Unknown
	0 (0.0)
	18 (0.4)
	
	0 (0.0)
	2 (1.1)
	

	Marital status 
	
	
	0.024
	
	
	0.758

	Married
	78 (41.7)
	2239 (49.5)
	
	78 (41.7)
	71 (38.0)
	

	Unmarried
	105 (56.1)
	2101 (46.4)
	
	105 (56.1)
	112 (59.9)
	

	Unknown
	4 (2.1)
	184 (4.1)
	
	4 (2.1)
	4 (2.1)
	

	Grade
	
	
	0.567
	
	
	0.613

	Well differentiated
	24 (12.8)
	462 (10.2)
	
	24 (12.8)
	18 (9.6)
	

	Moderately differentiated
	60 (32.1)
	1465 (32.4)
	
	60 (32.1)
	56 (29.9)
	

	Poorly differentiated
	48 (25.7)
	1285 (28.4)
	
	48 (25.7)
	48 (25.7)
	

	Undifferentiated
	0 (0.0)
	29 (0.6)
	
	0 (0.0)
	1 (0.5)
	

	Unknown
	55 (29.4)
	1283 (28.4)
	
	55 (29.4)
	64 (34.2)
	

	Surgery
	
	
	0.885
	
	
	0.107

	Yes
	127 (67.9)
	3000 (66.3)
	
	127 (67.9)
	111 (59.4)
	

	No
	60 (32.1)
	1523 (33.7)
	
	60 (32.1)
	76 (40.6)
	

	Unknown
	0 (0.0)
	1 (0.0)
	
	
	
	

	Chemotherapy
	
	
	0.369
	
	
	1

	Yes
	90 (48.1)
	2014 (44.5)
	
	90 (48.1)
	90 (48.1)
	

	No/Unknown
	97 (51.9)
	2510 (55.5)
	
	97 (51.9)
	97 (51.9)
	

	Radiotherapy
	
	
	0.211
	
	
	1

	Yes
	32 (17.1)
	616 (13.6)
	
	32 (17.1)
	32 (17.1)
	

	No/Unknown
	155 (82.9)
	3908 (86.4)
	
	155 (82.9)
	155 (82.9)
	

	AJCC
	
	
	0.005
	
	
	0.226

	I
	4 (2.1)
	335 (7.4)
	
	4 (2.1)
	11 (5.9)
	

	II
	26 (13.9)
	867 (19.2)
	
	26 (13.9)
	19 (10.2)
	

	III
	62 (33.2)
	1215 (26.9)
	
	62 (33.2)
	62 (33.2)
	

	IV
	95 (50.8)
	2107 (46.6)
	
	95 (50.8)
	95 (50.8)
	

	T stage
	
	
	0.006
	
	
	0.435

	T1
	10 (5.3)
	507 (11.2)
	
	10 (5.3)
	19 (10.2)
	

	T2
	50 (26.7)
	1394 (30.8)
	
	50 (26.7)
	42 (22.5)
	

	T3
	87 (46.5)
	1808 (40.0)
	
	87 (46.5)
	88 (47.1)
	

	T4
	18 (9.6)
	242 (5.3)
	
	18 (9.6)
	15 (8.0)
	

	Unknown
	22 (11.8)
	573 (12.7)
	
	22 (11.8)
	23 (12.3)
	

	N stage
	
	
	0.013
	
	
	0.312

	N0
	92 (49.2)
	2673 (59.1)
	
	92 (49.2)
	107 (57.2)
	

	N1
	65 (34.8)
	1138 (25.2)
	
	65 (34.8)
	49 (26.2)
	

	N2
	11 (5.9)
	336 (7.4)
	
	11 (5.9)
	13 (7.0)
	

	Unknown
	19 (10.2)
	377 (8.3)
	
	19 (10.2)
	18 (9.6)
	

	M stage
	
	
	0.668
	
	
	1

	M0
	102 (54.5)
	2613 (57.8)
	
	102 (54.5)
	102 (54.5)
	

	M1
	85 (45.5)
	1910 (42.2)
	
	85 (45.5)
	85 (45.5)
	

	Unknown
	0 (0.0)
	1 (0.0)
	
	
	
	


GBMAC: Gallbladder mucinous adenocarcinoma; GBAC: Gallbladder adenocarcinoma; AJCC: American Joint Committee on Cancer.
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Table 2 Univariate and multivariate Cox analysis of overall survival and cancer-speciﬁc survival of gallbladder mucinous adenocarcinoma patients
	Characteristic
	Overall survival
	Cancer-specific survival

	
	Univariate analysis
	Multivariate analysis
	Univariate analysis
	Multivariate analysis

	
	HR (95%CI)
	P value
	HR (95%CI)
	P value
	HR (95%CI)
	P value
	HR (95%CI)
	P value

	Age (yr)
	
	
	
	
	
	
	
	

	< 60
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	≥ 60
	1.4 (0.96-2.03)
	0.08
	NA
	NA
	1.46 (0.98-2.18)
	0.063
	NA
	NA

	Sex
	
	
	
	
	
	
	
	

	Female 
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	Male
	0.92 (0.66-1.29)
	0.632
	NA
	NA
	1.01 (0.71-1.44)
	0.943
	NA
	NA

	Race
	
	
	
	
	
	
	
	

	White
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	Black
	1.18 (0.79-1.75)
	0.423
	NA
	NA
	1.23 (0.81-1.87)
	0.322
	NA
	NA

	Others
	1.24 (0.74-2.07)
	0.41
	NA
	NA
	1.22 (0.71-2.11)
	0.468
	NA
	NA

	Marital status
	
	
	
	
	
	
	
	

	Married
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	Unmarried
	1.02 (0.74-1.4)
	0.914
	NA
	NA
	1 (0.71-1.4)
	0.998
	NA
	NA

	Unknown
	1.16 (0.42-3.18)
	0.78
	NA
	NA
	1.25 (0.45-3.44)
	0.671
	NA
	NA

	Histological grade
	
	
	
	
	
	
	
	

	Well differentiated
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	Moderately differentiated
	1.51 (0.86-2.64)
	0.152
	1.27 (0.7-2.3)
	0.4291
	1.26 (0.71-2.23)
	0.434
	1.01 (0.56-1.84)
	0.9612

	Poorly differentiated
	1.84 (1.03-3.27)
	0.039
	1.45 (0.78-2.68)
	0.2354
	1.64 (0.91-2.95)
	0.097
	1.18 (0.64-2.18)
	0.5956

	Unknown
	2.14 (1.21-3.76)
	0.008
	1.09 (0.54-2.21)
	0.8144
	1.93 (1.09-3.41)
	0.025
	0.61 (0.3-1.22)
	0.1601

	Surgery
	
	
	
	
	
	
	
	

	Yes
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	No
	2.37 (1.7-3.32)
	< 0.001
	2.27 (1.31-3.96)
	0.0037
	2.43 (1.71-3.45)
	< 0.001
	2.05 (1.15-3.66)
	0.0151

	Chemotherapy
	
	
	
	
	
	
	
	

	Yes
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	No/Unknown
	1.94 (1.42-2.65)
	< 0.001
	6.41 (4.07-10.09)
	< 0.001
	1.84 (1.33-2.57)
	< 0.001
	5.24 (3.44-8)
	< 0.001

	Radiotherapy
	
	
	
	
	
	
	
	

	Yes
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	No/Unknown
	1.57 (1.04-2.38)
	0.033
	0.72 (0.42-1.22)
	0.2204
	1.35 (0.89-2.06)
	0.162
	NA
	NA

	AJCC
	
	
	
	
	
	
	
	

	I
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	II
	2.85 (0.38-21.47)
	0.311
	2.67 (0.27-26.23)
	0.3996
	1.91 (0.25-14.82)
	0.535
	2.73 (0.35-21.46)
	0.3393

	III
	5.28 (0.73-38.24)
	0.1
	7.51 (0.84-66.94)
	0.0707
	4.61 (0.64-33.5)
	0.131
	12.31 (1.63-93.01)
	0.015

	IV
	9.94 (1.38-71.58)
	0.023
	28.99 (2.83-297.29)
	0.0046
	8.8 (1.22-63.37)
	0.031
	32.69 (3.81-280.34)
	0.0015

	T stage
	
	
	
	
	
	
	
	

	T1
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	T2
	0.87 (0.38-1.95)
	0.727
	1.32 (0.47-3.72)
	0.5965
	0.65 (0.28-1.5)
	0.315
	NA
	NA

	T3
	2.16 (0.99-4.69)
	0.052
	1.9 (0.76-4.75)
	0.1676
	1.88 (0.86-4.1)
	0.112
	NA
	NA

	T4
	2.59 (1.08-6.23)
	0.033
	1.05 (0.37-2.95)
	0.9314
	2.34 (0.97-5.66)
	0.06
	NA
	NA

	Unknown
	2.08 (0.87-4.96)
	0.097
	0.6 (0.22-1.65)
	0.3196
	2.05 (0.86-4.87)
	0.106
	NA
	NA

	N stage
	
	
	
	
	
	
	
	

	N0
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	N1
	1.08 (0.76-1.52)
	0.679
	1.1 (0.73-1.68)
	0.6426
	1.14 (0.79-1.64)
	0.494
	1.09 (0.72-1.64)
	0.6778

	N2
	2.17 (1.14-4.12)
	0.018
	0.72 (0.34-1.51)
	0.3848
	2.19 (1.11-4.3)
	0.023
	0.82 (0.39-1.7)
	0.5865

	Unknown
	1.79 (1.06-3.05)
	0.031
	1.43 (0.74-2.76)
	0.2833
	2.08 (1.21-3.56)
	0.008
	1.18 (0.63-2.19)
	0.6084

	M stage
	
	
	
	
	
	
	
	

	M0
	Reference
	
	Reference
	
	Reference
	
	Reference
	

	M1
	2.17 (1.58-2.98)
	< 0.001
	0.85 (0.37-1.95)
	0.705
	2.25 (1.61-3.14)
	< 0.001
	0.94 (0.46-1.91)
	0.8572


HR: Hazard ratio; NA: Not available; AJCC: American Joint Committee on Cancer.

Table 3 Outcomes after baseline factors adjustments
	Outcomes
	GBMAC, HR (95%CI)
	P value

	Cancer-specific mortality
	
	

	Non-adjusted
	1.13 (0.96-1.34)
	0.15

	PSM non-adjusted
	0.96 (0.76-1.2)
	0.7

	PSM adjusted
	1.00 (0.79-1.28)
	0.98

	Adjust I
	1.11 (0.94-1.31)
	0.23

	Adjust II 
	0.93 (0.78-1.10)
	0.39

	Adjust III 
	1.14 (0.97-1.35)
	0.12

	Adjust IV
	1.01 (0.85-1.20)
	0.89

	Overall mortality
	
	

	Non-adjusted
	1.13 (0.96-1.33)
	0.13

	PSM non-adjusted
	0.98 (0.78-1.22)
	0.83

	PSM adjusted
	1.02 (0.80-1.28)
	0.9

	Adjust I
	1.10 (0.94-1.30)
	0.22

	Adjust II
	0.94 (0.80-1.10)
	0.44

	Adjust III
	1.15 (0.98-1.35)
	0.08

	Adjust IV
	1.02 (0.87-1.20)
	0.78


The propensity score matching (PSM) non-adjusted model adjusts for none. PSM adjusted model adjusts for age, sex, surgery, chemotherapy, histological grade, T stage, N stage, and M stage. Adjust I model adjusts for age, sex, race, and marital status. Adjust II model adjusts for the histological grade, American Joint Committee on Cancer stage, T stage, N stage, and M stage. Adjust III model adjusts for sex, age, T, N, and M stages. Adjust IV model adjusts for surgery, chemotherapy, and radiotherapy. GBMAC: Gallbladder mucinous adenocarcinoma; HR: Hazard ratio; PSM: Propensity score matching. 
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