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Background

Gallbladder squamous cell carcinoma (GSCC) is a rare carcinoma with limited evidence in literature, making it particularly difficult to study. Surveillance, Epidemiology, and End Results Database (SEER) were used to stress the clinicopathological features and outcomes associated with this tumor.



Methods

SEER registries were used to identify GSCC and gallbladder adenocarcinoma (GAC) cases from 2004 to 2015. The Propensity matching (PSM) method was used for minimized potential difference between the two types and the utmost. Patients with GSCC versus GAC were compared using the clinicopathological features and outcomes.



Results

There were 121 patients with GSCC and 6 580 patients had GAC. Compared with the GAC cohort, the GSCC cohort had a lower proportion of well-differentiated histology (3.3% vs. 12.1%, p < 0.001) and was diagnosed at a later T-stage (p < 0.001). Regarding treatment, patients treated with surgery, chemotherapy or radiation were associated with significantly better outcome than patients without undergoing these treatment modalities. In both univariate and multivariate analyses, GSCC histology was associated with worse prognosis than GAC histology.



Conclusions

Patients with GSCC were associated with a worse outcome than the GAC cohort. The independent risk factors for patients with GSCC are surgery and chemotherapy.
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Introduction

Gallbladder carcinoma (GBC), a relatively uncommon malignancy, accounts for 4% of all gastrointestinal tract neoplasms (1). Most of the patients usually do not exhibit clinical symptoms or show some atypical symptoms with a 5-year survival rate of less than 10% (2, 3). About 97% of the diagnosed GBC in these patients is adenocarcinoma (AC), and its clinicopathological features and survival outcomes are relatively well-studied. Gallbladder squamous cell carcinoma (GSCC) is rarer, accounting for about 3%, which is unrecognized (4, 5). According to previous reports, squamous cell carcinoma variants of different anatomic sites exhibit completely different biology and clinical outcome compared to adenocarcinoma, depending on the primary tumor origin. For example, squamous cell carcinoma (SCC) of the cervix exhibit better results when compared with AC (6).

To date, most literatures regarding GBC consists of case reports/small case series, and very few studies have compared AC to SCC (7, 8). As with AC, surgical resection is the optimal therapeutic modality in patients with GSCC. And, patients with GSCC, diagnosed at early-stage, usually undergo simple cholecystectomy. In contrast, cholecystectomy, partial hepatectomy, and portal lymphadenectomy were usually conducted in patients with progressive disease (8–10). Regarding chemotherapy, there remains a controversy; some studies indicated that GSCC was resistant to chemotherapy, while others demonstrated that patients with GSCC can benefit from adjuvant radio-chemotherapy (8, 11, 12).

To better understand the clinicopathological features, treatment modalities, and survival of GSCC, especially comparing with gallbladder adenocarcinoma (GAC), we used Surveillance, Epidemiology, and End Results (SEER) Database (1975–2016) to provide comprehensive recognition concerning GSCC and survival outcomes between GSCC and GAC.



Material and Methods


Patients

All data of patients with GSCC and GAC were obtained from the SEER database 18 Regs (with additional treatment fields, 1975–2016 varying), using the SEER*Stat software (version 8.3.6; Surveillance Research Program, NCI, Bethesda, MD). Additional selection criteria for the SEER*Stat software used in identifying gallbladder cancer were as follows: 1) “Gallbladder” (C23.9) was limited to the site and 2) The histological subtype was defined as SCC and adenocarcinoma (AC) according to the International Agency for Research on Cancer classification using the International Classification of Diseases for Oncology, 3rd edition (ICD-O-3) histology codes. The ICD-0-3 histology codes of histological subtypes were categorized into SCC (8070–8075) and AC (8140, 8144, 8310, 8480, and 8490). Patients diagnosed with more than one malignancy and those with information completely absent were excluded.



Variables

The following clinicopathological information (age, sex, race, marital status, SEER stage, grade, TNM stage, surgery, radiation, chemotherapy, survival months, and vital status) was obtained from each patient. The age at diagnosis was divided into three groups: ≤40, 40–60, and >60. All patients were staged on account of the SEER stage (localized, regional, and distant) and American Joint Commission on Cancer (AJCC) 6th Edition Staging System. Overall survival (OS) was defined as the time from confirmation diagnosis to death of any cause. Disease-specific-free survival (DSS) referred to the interval from definite diagnosis to death of these tumors.



Statistical Analysis

All categorical variables were presented with percentages. The χ2 test was used to compare demographic, clinical characteristics, and treatment of patients with GSCC/GAC. Because the uneven baseline features may potentially impact survival outcomes, a 1:2 propensity matching (PSM) method was used for removing the baseline variation to the utmost. The variables used for matching were age, sex, race, marital status, SEER stage, grade, t, n, and m stage, the metastatic status of bone, brain, liver, and lung, surgery, radiation, and chemotherapy. To ensure suitable matches, the nearest neighbor matching algorithm without replacement was used. Cumulative survival curves were shown using the Kaplan–Meier method, and the log-rank test was used to compare differences. Univariate and multivariate survival analyses were conducted using the Cox proportional hazard model, and the hazard ratios (HRs) with 95% confidence intervals (95% CI) were calculated. To determine the HRs in a matched population stratified by covariates, a subgroup analysis of gallbladder cancer were also conducted. All statistical analysis was conducted using R software version 3.6.2 (http://www.R-project.org) and SPSS 25.0 software e (IBM Corp., Armonk, NY, USA). The p-values < 0.05 were considered statistically significant.




Results


Demographic and Clinical Characteristics

A total of 16,201 patients selected in the SEER database were eligible for inclusion from January 1st, 2004–December 31st, 2015, in this study. Ultimately 6,701 patients were selected for the final data analysis; 9,500 patients were excluded according to the predefined exclusion criteria (Figure 1). Among 6,701 patients, 121 (1.81%) had GSCC and 6,580 (98.19%) had GAC. After PSM, there were 121 patients with GSCC and 242 with GAC. Demographic and clinicopathological features of all eligible patients are described (Table 1). Similar to GAC patients, most GSCC patients were Caucasian and elderly females (>60 years old). The proportion of females was significantly higher in GAC patients than in GSCC patients (56.2% vs. 69.7%, p = 0.002). GSCC were likely to have a distant-stage disease. In contrast, a localized-stage disease was common in GAC patients. Compared to patients with GAC, patients with GSCC had a lower proportion of well-differentiated histology (3.3% vs. 12.1%, p < 0.001). T3 and T4 stage diseases were more common in GSCC patients, while GAC patients were usually diagnosed with T2 and T3 stage diseases. Regarding treatment, the use of surgery was significantly lower in GSCC cohorts than in GAC cohorts (57.0% vs. 80.7%, P < 0.001). Radiation and chemotherapy did not show significant differences between the two groups. No statistical significance was observed in other variables like age, race, marital status, N stage, M stage, bone, brain, liver, or lung metastases. There was no significant difference in clinicopathological features after 1:2 matching between GSCC and GAC patients.




Figure 1 | Flow chart.




Table 1 | Demographics and clinicopathological characteristics of GSCC and GAC patients.





Prognostic Analysis of Patients With GSCC

To identify potential predictors of OS in GSCC cohort, univariate and multivariate analyses were conducted regarding different clinicopathological variables. (Table 2) In the univariate analysis, the following variables were separately associated with OS: distant-stage, status of metastasis, and liver metastasis. Regarding treatment, there was a significant difference in DSS (median DSS, 8.0 vs. 3.0; HR, 0.347; p < 0.001; Figure 2A) and OS (median OS, 5.0 vs 2.0; HR, 0.406; p < 0.001; Figure 2D) in patients treated with or without surgery. Similar trend was observed during chemotherapy (median DSS, 7.0 vs. 3.0; HR, 0.594; p = 0.014; Figure 2C; median OS, 6.0 vs 2.0; HR, 0.572; p = 0.006; Figure 2F) and radiation (median DSS, 12.0 vs 4.0; HR, 0.426; p = 0.013; Figure 2B median OS, 12.0 vs 3.0; HR, 0.421; p = 0.010; Figure 2E). As regarding to age, sex, race, marital status, grade, T and N stages and lung metastasis did not appear to significantly influence OS of patients with GSCC in both analyses.


Table 2 | Univariate and multivariate analyses of patients with GSCC.






Figure 2 | Kaplan-Meier analysis of disease specifical survival and overall survival between patients underwent surgery (A, D), radiation (B, E), and chemotherapy (C, F) or not in patients with gallbladder squamous cell carcinoma.





Survival Analysis of Matched Patients

After PSM, GSCC was associated with significantly worse OS and DSS compared to GAC. (Figure 3) The DSS rates were 23.9% and 14.7% for the GSCC cohort at 1-year and 3-year, respectively, and 43.9% and 32.0% for the GAC cohort (HR, 0.614; 95%CI, 0.469–0.803; p < 0.001). Additionally, GSCC patients had 1-year and 3-year OS rates of 16.8% and 8.4%, respectively, while GAC patients were 38.4% and 24.4% (HR, 0.566; 95% CI, 0.444–0.721; p < 0.001). A significant difference was detected in the histological subtype, indicating that patients with GSCC presented a poorer outcome than patients with GAC in both univariate and multivariate analyses (Table 3).




Figure 3 | (A, B) Kaplan‐Meier curves to compare disease specifical survival (DSS) and overall survival (OS) of patients with gallbladder squamous cell carcinoma (GSCC) and gallbladder adenocarcinoma (GAC), respectively.




Table 3 | Univariate and multivariate analyses of the 1:2 matched cohort (OS).





Stratified Analysis

A subgroup analysis was conducted to compare OS between patients diagnosed with the above two tumors (Figure 4). There was a significant difference in almost all variables, indicating that the GSCC group was associated with a significantly poorer OS than the GAC group. Although in multivariate analysis (Table 2), there was no significant difference in radiation of the GSCC cohort, patients receiving radiation exhibited comparable outcomes among GSCC and GAC cohorts in the stratified analysis.




Figure 4 | Stratified analysis between GAC and GSCC cohorts.






Discussion

GSCC was a rare malignancy, accounting for less than 3% of all GBC (4).There was no accurate information on GSCC due to the rarity of this disease. In our study, the majority of GSCC patients were females, Caucasian, and age more than 60 years old worldwide. Furthermore, the GSCC cohort had a more distant-stage disease and a lower proportion of well-differentiated histology compared to the GAC cohort. Regarding treatment, GSCC patients could significantly benefit from surgery, chemotherapy, and radiation, which was similar to GAC cohorts.

Furthermore, we discovered that GSCC was correlated with poor prognosis. Compared to GAC, GSCC showed a higher SEER stage, higher grade, and a more advanced T-stage. Additionally, there were a lower proportion of patients who conducted adjuvant therapy like chemotherapy and radiation. It seems that these aggressive clinicopathological features and incomplete treatment may be the cause of the poor outcome of GSCC. We also used PSM to counterbalance the uneven clinicopathological features, and a significant difference in the prognosis between two subtypes was still observed. To our knowledge, no studies on GSCC have taken advantage of PSM. Additionally, a similar result can also be observed in stratified analysis for GSCC and GAC. Altogether, these results mean that GSCC had a worse outcome than GAC. However, a few studies have concentrated on molecular mechanisms of GSCC. To improve the prognosis of GSCC patients, there is an urgent need to conduct further fundamental and clinical studies to explore the potential molecular mechanism of GSCC.

A previous study conducted by Ayabe et al. (3) analyzed clinicopathological, and treatment characteristics between GSCC and GAC using another database, the National Cancer Database. In line with our study, they also concluded that patients with GSCC had a poorer outcome than patients with GAC (median OS, 9.0 months vs. 17.0 months; p < 0.001). However, they did not perform PSM to adjust the potential impact of different clinicopathologic values. In another study, Samuel et al. (13) also used the SEER database from 1988–2009 to compare clinicopathological characteristics and prognosis between different GBC histologic subtypes. They also demonstrated that SCC was associated with worse outcomes than other histological types covering papillary carcinoma and adenocarcinoma. But different from our study, they brought adenosquamous carcinoma (ASC) into SCC. This introduces the question of whether or not we should also consider ASC and SCC together. However, according to the World Health Organization’s Classification of Tumors and previous reports, ASC and SCC were different histological subtypes in the gallbladder (1, 7, 14). Therefore, based on the above reasons, we hold that ASC should not be considered together with SCC.

Besides gallbladder, adenocarcinoma (AC) and SCC was also compared in other locations like lung, esophagus, pancreas, cervix, rectum, and anus. A better OS of SCC was detected in the cervix (6, 15), rectum (16), and anus (17), while a worse OS of SCC was obtained in the esophagus (18) and pancreas (19). Current studies show different conclusions in survival advantages between AC and SCC of the lung, and it is difficult to differentiate whether prognosis is associated with pathologic patterns (20). Based on the above, we hold that SCC is not always related to worse clinical outcomes, which means histology is not the dangerous factor of prognosis, and location should also be considered.

There was also strength in this study. One is using data from the SEER database, which covers a wide geographic range of the United States, to provide a data set representative of the country’s diverse population. Another is using PSM and stratified analysis to counterbalance the potential influence of different baseline features. However, there are also some limitations in this study. First, vital information in the SEER database was not recorded. For example, patients treated with radiation or chemotherapy was associated with a better prognosis. However, records for some patients were unclear, which may underestimate the actual effect of treatment. Second, due to the rarity of GSCC, there were only small samples in the SEER database, which may result in selective bias. Consequently, prospective research with larger samples was needed to verify this conclusion.



Conclusion

Majority of patients with GSCC were Caucasian, elderly females, which were similar to patients with GAC. Additionally, more than 50% of patients with GSCC and GAC have undergone surgery. However, patients with GSCC present worse outcomes compared to patients with GAC.
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GSCC, gallbladder squamous cell carcinoma; GAC, gallbladder adenocarcinoma; OS, overall survival.

The bold part indicates that the data is statistically significant.
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Variables Data before PSM Data after PSM
GSCC GAC p-value GSCC GAC p-value
N=121 N = 6,580 N=121 N =242
Age 0.956 0.833
Age (<40) 2(1.7) 97 (1.5) 2(1.7) 5(2.1)
Age (40-60) 26 (21.5) 1,355 (20.6) 26 (21.5) 46 (19.0)
Age (>60) 93 (76.9) 5,128 (77.9) 93 (76.9) 191 (78.9)
Sex 0.002 0.851
Male 53 (43.8) 1,996 (30.3) 53 (43.8) 102 (42.1)
Female 68 (56.2) 4,584 (69.7) 68 (56.2) 140 (567.9)
Race (%) 0.997 0.772
White 93 (76.9) 5,038 (76.6) 93 (76.9) 191 (78.9)
Black 15 (12.4) 825 (12.5) 15 (12.4) 24 (9.9)
Other 13 (10.7) 717 (10.9) 13 (10.7) 27 (11.2)
Marital status (%) 0.5632 0.631
Married 102 (84.3) 5,703 (86.7) 102 (84.3) 210 (86.8)
Unmarried 19 (15.7) 877 (13.3) 19 (15.7) 32(132)
SEER Stage (%) 0.003 0.556
Localized 30 (24.8) 2,583 (39.3) 30 (24.8) 59 (24.4)
Regional 41 (33.9) 1,605 (24.4) 41(33.9 70 (28.9)
Distant 50 (41.3) 2,392 (36.4) 50 (41.3) 113 (46.7)
Grade (%) <0.001 0.354
Well differentiated 433 795 (12.1) 433 11 (4.5)
Moderately differentiated 42 (34.7) 2,383 (36.2) 42 (34.7) 65 (26.9)
Poorly differentiated 35 (28.9) 2,185 (33.2) 35 (28.9) 62 (25.6)
Undifferentiated 2(1.7) 72(1.1) 2(1.7) 4(1.7)
Unknown 38 (31.4) 1,145 (17.4) 38 (31.4) 100 (41.3)
T <0.001 0.569
1 14 (11.6) 1,017 (16.5) 14 (11.6) 31(12.8)
2 18 (14.9) 2,236 (34.0) 8(14.9) 33 (13.6)
3 69 (57.0) 2,954 (44.9) 9 (57.0) 150 (62.0)
4 20 (16.5) 373(6.7) 0 (16.5) 28 (11.6)
N 0.419 0.713
0 88 (72.7) 4,532 (68.9) 88 (72.7) 170 (70.2)
1 33 (27.3) 2,048 (31.1) 33 (27.3) 72(29.8)
M 0.985 0.453
0 85 (70.2) 4,655 (70.7) 85 (70.2) 159 (65.7)
1 36 (29.8) 1,925 (29.3) 36 (29.8) 83 (34.3)
Bone metastasis (%) 0.483 0.851
No 70 (57.9) 3,572 (54.3) 70 (57.9) 136 (56.2)
Yes 0(0.0) 53(0.8) - .
Unknown 51 (42.1) 2,955 (44.9) 51 (42.1) 106 (43.8)
Brain metastasis (%) 0.788 0.716
No 70 (67.9) 3,618 (65.0) 70 (57.9) 134 (65.4)
Yes 0(0.0) 5(0.1) 0(0.0) 1(0.4)
Unknown 51 (42.1) 2,957 (44.9) 51 (42.1) 107 (44.2)
Liver metastasis (%) 0.135 0.830
No 52 (43.0) 2,964 (45.0) 52 (43.0) 96 (39.7)
Yes 19 (16.7) 668 (10.2) 19 (16.7) 41 (16.9)
Unknown 50 (41.3) 2,948 (44.8) 50 (41.3) 105 (43.4)
Lung metastasis (%) 0.800 0.767
No 68 (56.2) 3,497 (53.1) 68 (56.2) 135 (55.8)
Yes 2(1.7) 120 (1.8) 2(1.7) 2(0.8)
Unknown 51 (42.1) 2,963 (45.0) 51 (42.1) 105 (43.4)
Surgery (%) <0.001 0.479
No 52 (43.0) 1,270 (19.3) 52 (43.0) 115 (47.5)
Yes 69 (57.0) 5,310 (80.7) 69 (57.0) 127 (52.5)
Radiation therapy (%) 0.310 0.956
No 106 (87.6) 5,511 (83.8) 106 (87.6) 210 (86.8)
Yes 15 (12.4) 1,069 (16.2) 15 (12.4) 32(13.2)
Chemotherapy (%) 1.000 0.731
No 77 (63.6) 4,177 (63.5) 77 (63.6) 148 (61.2)
Yes 44 (36.4) 2,403 (36.5) 44 (36.4) 94 (38.8)

>GSCC>, gallbladder squamous cell carcinoma; >GAC>, gallbladder adenocarcinoma; >PSM>, propensity matching. The bold part indicates that the data is statistically significant.
Other include American Indian/Alaskan native, and Asian/Pacific Islander, and others unspecified.





