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Background

Goblet cell adenocarcinoma (GCA) of the appendix is a rare and aggressive tumour with varying nomenclature and classification systems. This has led to heterogeneity in published data, and there is a lack of consensus on incidence, survival, and management.



Methods

We provide an overview of GCA with a comprehensive systematic review using Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) methodology and a retrospective analysis of all cases recorded in the English National Cancer Registration and Analysis Service database between 1995 and 2018. The Kaplan–Meier estimator was used to calculate overall survival, and Cox proportional hazards regression was used to identify prognostic factors.



Results

The systematic review demonstrated an incidence of 0.05–0.3 per 100,000 per year among North American registry studies. The 1-, 3-, and 5-year survival rate was 95.5%, 85.9%–87.6%, and 76.0%–80.6%, respectively. Age, stage, and grade were identified as prognostic factors for survival. Our analysis included 1,225 cases. Age-standardised incidence was 0.0335 per year in 1995 and gradually rose to 0.158 per year in 2018. The 1-, 3-, and 5-year survival rate was 90.0% [95% confidence interval (95% CI): 85.4–94.0], 76.0% (95% CI: 73.8–80.9), and 68.6% (95% CI: 65.9–72.2), respectively. On univariate Cox regression analyses, female sex, stage, and grade were associated with worse overall survival. On multivariate analysis, only stage remained a statistically significant prognostic factor.



Conclusions

GCA of the appendix is rare, but incidence is increasing. We report a lower incidence and survival than North American registry studies. Higher stage was associated with decreased survival. Further prospective studies are required to establish optimal management.
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Introduction

Goblet cell adenocarcinoma (GCA) of the appendix is a rare mucus-secreting tumour that can exhibit both mucinous and neuroendocrine differentiation (1). Depending on the grade and the depth of invasion, GCA can also demonstrate a varied disease course (2). This can range from benign and slow growing to aggressive with significant malignant potential (2). These characteristics have led to considerable variation in nomenclature over time, with GCA having been previously termed adenocarcinoid, mucinous carcinoid, composite composite goblet cell carcinoid (GCC)-adenocarcinoma, adenocarcinoma ex-goblet carcinoid, crypt cell carcinoma, and more recently goblet cell carcinoma or goblet cell carcinoid. There has however been a recent movement away from the term carcinoid, with GCA being preferred. This is because GCA displays inconsistent immunohistochemical staining for neuroendocrine markers and is only rarely associated with hormone hypersecretion syndromes. It has also become apparent that GCA is more aggressive than stage-matched appendiceal neuroendocrine neoplasms (NENs) (3, 4).

Due to its rarity, the exact incidence and survival of GCA have been difficult to ascertain. Most existing published data are derived from registry studies, which are limited by the changes in nomenclature over time, causing inconsistencies in diagnosis and reporting. The remainder of the literature is composed of small retrospective cohort studies and case series, often from single institutions. Many review articles have been published; however, their conclusions are rarely specific to GCA, as they tend to include numerous other types of appendiceal neoplasms. The existence of various conflicting grading and staging systems further complicates classification, although there is an emerging consensus on the latter. In the eighth edition of the Union for International Cancer Control staging manual, it is stated that GCA should be staged similarly to an adenocarcinoma, where “T” category is defined by the depth of invasion rather than the size as is the case in appendiceal NEN (5).

The management of GCA comprises a surgical strategy of a right hemicolectomy for any stage of localised disease, with possibly a prophylactic bilateral salpingo-oophorectomy in women due to the high risk of gynaecological metastases. For more widespread disease, systemic chemotherapy using a 5-fluorouracil (5-FU)-based combination regimen is commonly used. Cytoreductive surgery with heated intraperitoneal chemotherapy (CRS-HIPEC) has been used in patients with peritoneal spread. There are very limited prospective data and no phase III trial data to support these treatment recommendations, so their clinical utility remains uncertain.

Given the rarity of GCA and previous inconsistencies in terminology, grading, staging, and clinical management, we set out to provide an up-to-date overview of GCA. We aimed to perform a systematic review of the literature and to present the largest series of registry data from England to date, with age-standardised incidence and survival data.



Methods


Systematic Review

A systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The online databases Medical Literature Analysis and Retrieval System Online (MEDLINE), Excerpta Medica Database (EMBASE), and PubMed were searched on 18th February 2022, using the following free-text terms and Medical Subject Headings (MeSH): (“goblet cell tumor*”) OR (“goblet cell tumour*”) OR (“goblet cell carcinoma*”) OR (“goblet cell neoplasm*”) OR (“goblet cell carcinoid”) OR (“goblet cell adenocarcinoma*”) OR (“adenocarcinoid) OR GOBLET CELL”/OR “GOBLET CELLS”/OR NEOPLASM/OR “CARCINOID TUMOR”/AND (“appendix”) OR (“appendiceal”) OR “APPENDIX CANCER”/OR “APPENDIX TUMOR”/OR “APPENDIX CARCINOMA”/AND APPENDIX/AND “APPENDICEAL NEOPLASMS”/. Additional relevant papers were sourced via a grey literature search, a Google Scholar search, and a review of the reference lists of selected articles.

Following the removal of duplicate articles, 471 papers progressed to screening. Articles not in English, conference papers, commentaries, broad literature review articles, and animal studies were excluded, as were case reports of only one or two cases, as these were felt not to sufficiently contribute to the literature in terms of incidence or survival. A total of 124 full-text articles were assessed for eligibility. Articles including information on incidence, prevalence, and survival were included as were other clinically relevant publications. Twenty articles were excluded. Seven articles were excluded, as they only included one or two cases of GCA. One abstract and one letter to the editor were also excluded. Two consensus guidelines were excluded, as they provided no new data or statistical analyses. One paper was excluded, as it did not include GCA. Six papers were excluded, as they provided no subgroup analysis for GCA of the appendix. One paper was excluded, as it involved mixed pathology. One review was excluded due to lack of relevance. Two authors (KP and SW) independently reviewed each paper prior to acceptance, and the results were reviewed by JR.



Registry Analysis

This was a retrospective study of prospectively collected data of tumours in England recorded in the National Cancer Registration and Analysis Service (NCRAS) as Appendix GCA between 1st January, 1995, and 31st December 2018. The pathology of all tumours treated within the NHS (98%–99%) is required to be registered in NCRAS. Some private institutions submit data to NCRAS, but this is incomplete (6). Monthly central returns are made from all hospitals using Cancer Outcomes and Services Dataset (COSD). NHS Digital requests copies and registration of all pathology reports. Dates of death are obtained from the Office of National Statistics and linked to the data.

In addition to analysing all cases diagnosed between 1995 and 2018, a subgroup analysis was also performed for cases occurring after 2009. It was felt that the data after this date were more likely to be accurate following the 2008 Tang et al. (7) publication, which presented a new grading system and advised staging GCA similarly to appendiceal adenocarcinoma.

The age-standardised incidence was calculated per 100,000 patients per year. Five age groups were created based on clinical reasoning after consultation with JR and RS. Tumours were grouped into stages 1–4. Where right hemicolectomy was performed, the staging data included the updated findings from completion surgery. Categorical variables were outlined in frequencies and percentages. Continuous variables were provided as median and interquartile range (IQR). Pearson’s chi-square test was performed to evaluate the difference between groups and the significance. The primary end point was overall survival (OS). This was selected over disease-specific survival (DSS) due to the lack of comorbidity and cause of death data. The Kaplan–Meier-predicted OS was calculated up to the date of death or date of the last follow-up (censored) and given with 95% confidence interval (95% CI). The Mantel–Cox log rank test was used to evaluate statistical differences in survival between groups. The hazard ratio (HR) was estimated with Cox proportional hazards regression model. A p value <0.05 was deemed statistically significant. Statistical analyses and graphical plots, including Kaplan–Meier curves, were done using Stata 17 (Stata Corp. LLC, Texas).

During the period studied, there were 1,354 GCA tumours, of which 1,225 (90.5%) were confirmed GCA of the appendix. The other 129 were non-appendiceal GCA and were excluded.




Results


Systematic Review

Our review included 104 studies (Figure 1). These consisted of one meta-analysis (8), one systematic review (9), one prospective cohort study (10), 18 registry studies (2, 3, 11–26), 66 single or multicentre retrospective analyses (4, 7, 27–90), four inter-user variability studies (91–94), and 13 case series (95–107). A quantitative meta-analysis of the studies was precluded by significant heterogeneity in the nomenclature and data. The largest study to date was published by Fields et al. (18) in 2019 and documents 2,552 cases of GCA from the National Cancer Database (NCDB).




Figure 1 | Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart.




Epidemiology

The incidence of GCA of the appendix was described in four studies (3, 17, 26, 89). From three reviews of the Surveillance, Epidemiology and End Results (SEER) registry and one of the British Columbia Cancer Agency (BCCA) database, the documented incidence per 100,000 varied between 0.05–0.3 per year (3, 17, 26, 89). This is higher than a previous analysis of all primary neoplasms of the appendix from the SEER registry, which reported an annual incidence of 0.012 per year, of which GCA made up 13.8% (25).

The incidence of GCA is increasing (3, 14, 16, 17, 58, 89). In an analysis of the SEER registry between 1973 and 2014, 98.3% of cases were diagnosed between 1994 and 2014 (17). The rate of rise is increasing in recent years, with another SEER database study finding that only 37.8% of GCA were diagnosed between 2004 and 2009, with the remaining 62.2% diagnosed between 2010 and 2016 (16). A similar trend was noted in the NCDB analysis, in which 96% of the cases of GCA were seen post-2010 (14). Other studies note a rising incidence of all NENs, which may be attributable to an increased awareness and coding of these tumours, an increased rate of detection, other factors, or a real rise (108). The proportion of GCA among all appendiceal neoplasms varied between 10% and 23% in the larger registry studies (11, 12, 17, 18, 21, 23, 25, 26) likely due to inconsistencies in both the inclusion of benign appendiceal neoplasms and GCA nomenclature.

The mean and median age at diagnosis were most commonly reported between 50 and 60 years (12, 14–18) and was 57 years in the largest series (18). Only one large registry study reported a median age out of this range at 43 years (23). GCA is more common in Caucasian patients, who account for 80-90% cases (3, 11, 12, 14–20, 25, 26). There was no sex preponderance in most studies (3, 11, 12, 14, 16, 18, 20, 23, 25, 26); however, this was variable in the smaller retrospective studies and case series. Infection with schistosomiasis was the only potential environmental risk factor identified, although it should be noted that only three cases of combined appendiceal schistosomiasis and GCA were included in this study (63).

The presence of synchronous or metachronous secondary malignancy with GCA has previously been described (103) and was seen in 10% of cases in one analysis of the SEER registry, with a reported estimated standardised incidence ratio of 1.55 (95% CI: 1.23–1.92) (21). This was greater than for appendiceal adenocarcinoma and malignant carcinoid (21).



Clinical Presentation

The most common presenting feature of GCA is acute appendicitis (34, 39, 40, 42, 54, 56, 66, 68, 72, 77, 97, 99, 102), followed by non-specific abdominal pain or an abdominal mass (4, 28, 44, 52, 58, 62, 65, 71, 73, 80, 81, 98). Appendicitis is common in low-grade and localised disease (7, 52, 55, 89) and non-specific abdominal pain with or without abdominal mass in higher-grade or metastatic disease (7). Appendiceal perforation was reported by multiple authors (9, 10, 29, 40, 52, 55, 56, 62, 64, 75, 78, 102, 103) and was observed in 23% of cases in one systematic review (9). While some series documented higher rates of perforation (29, 56, 75, 78), this may be a result of publication bias in smaller studies. Appendiceal perforation is more common in lower-grade and localised disease (40, 55). Hormonal hypersecretion syndromes, including carcinoid syndrome, are uncommon in GCA, with only a handful of cases in the literature (7, 58, 74).

Tumour location within the appendix (base compared with apex) was not well documented and was inconsistent among reporting studies (4, 28, 34, 39, 62, 81, 102, 105). Tumour size ranged from 1 to 250 mm (2, 4, 14, 18, 28, 43, 56, 75, 102, 103); however, there was a discrepancy in the method of tumour measurement, with some authors using the maximum tumour diameter and others using length of tumour extension.

The description of staging varied between studies. Authors rarely specified whether staging was based upon index or completion surgery. In larger registry studies using the TNM system, most tumours presented with stage II disease (14, 18–20, 28, 39, 52, 58); T3 tumours were found in 49%–60% and N0 in 81%–87% of cases (11, 12, 23). In studies classifying GCA as local, regional, or metastatic disease, 51%–64% of cases were described as local (3, 16, 17, 26). While metastases were found in only a relatively small proportion of cases in the registry studies (7%–18.7%) (3, 11, 12, 16–20, 23, 26), stage IV disease was more common in retrospective studies and case series (7, 37, 39, 44, 49, 52, 58, 73). It is likely that this finding is the result of referral bias, as higher rates of metastatic disease were reported by tertiary centres, with lower rates reported by district general hospitals and national registry studies (52). The most common sites of metastases were the peritoneum, liver, small bowel, and ovaries (11, 28, 37, 49, 52, 89, 90).



Diagnostics and Surveillance

Similar to appendiceal NEN, the diagnosis of GCA is usually made incidentally on postoperative histology. Diagnostic workup comprises postoperative staging with cross-sectional imaging. Follow-up involves surveillance CT scanning to monitor for recurrence.

Preoperative CT findings are variable in GCA, and there are no characteristic radiological features. This makes diagnosis prior to histological assessment challenging (62). There is however a possible correlation between preoperative CT results and subsequent tumour grade. In a retrospective study of 27 patients, a CT result describing typical appendicitis was more commonly associated with low-grade GCC group A as per the Tang grading system (7), while description of a “mass” or “prominent appendix without peri-appendiceal infiltration” corresponded better with signet ring cell adenocarcinoma goblet cell carcinoid group B (62).

Functional imaging including octreotide scanning, Iodine 123 metaiodobenzylguanidine, and Ga-DOTATATE PET is mainly negative in GCA (28, 39, 52, 54, 58, 102). Fluorodeoxyglucose positron emission tomography (FDG-PET) may have better sensitivity (39, 54); however, the evidence for this is limited. Chromogranin A and B is rarely raised (39, 102). Elevated serum carcinoembryonic antigen (CEA), Carbohydrate antigen 19-9, and CA-125 were reported in some studies (12, 39, 52, 54, 74, 102), although there is a paucity of prospective data to demonstrate their clinical utility in monitoring for recurrence. Given the increased incidence of synchronous or metachronous colonic malignancy (103), some authors suggest performing follow-up colonoscopies. This is endorsed in the European Neuroendocrine Tumor Society guidelines (109, 110); however, the optimal frequency of endoscopic surveillance has not been determined.



Pathology, Immunohistochemistry, and Genetics

GCA develops from pluripotent intestinal crypt base stem cells, which show mucinous and neuroendocrine differentiation. The defining histological feature is the focal presence of goblet-shaped epithelial cells with intracytoplasmic mucin that congregates in the lamina propria of the submucosa (4, 7). GCA stains positive on periodic acid-Schiff (PAS) staining of mucin, which helps to distinguish it from an appendiceal NEN (4). The two tumours can be further differentiated by their proliferative indices, as measured by Ki-67, which is significantly higher in GCA (4).

With regard to immunohistochemistry, CEA expression appears to be the predominant differentiator, present in GCA but not in appendiceal NEN (68, 100). There was variable expression of the neuroendocrine markers insulinoma-associated protein 1 (INSM1), chromogranin, synaptophysin, and CD56 reported across studies (32, 38, 78, 100).

Genetic studies in GCA were inconclusive on histogenesis. A commonly reported aetiopathogenic factor was the occurrence of Tumour Protein 53 mutation (33, 45, 79), which in one study was only found in poorly differentiated tumours, possibly suggesting that it is the cause of high-grade transformation (45). However, the presence of TP53 mutation was inconsistent between studies (68, 75, 100). Multiple authors reported no Epidermal growth factor receptor, BRAF (59), KRAS (41, 42, 59), or Adenomatous polyposis coli (APC) (41, 42) mutations in GCA, suggesting that its molecular pathogenesis is significantly different from that of colorectal adenocarcinoma, although again this was not a unanimous finding (33, 45). Low rates of microsatellite instability (59), programmed death ligand 1 (PD-L1), and tumour mutational burden (TMB) suggest that GCA is an immunologically “cold” tumour (33).



Grading

The grading of GCA has varied over time (7, 40, 55, 82, 90). In 2008, Tang et al. (7) developed a three-tiered grading system (A–C) based upon the degree of cytologic atypia, desmoplasia, and cellular differentiation. Lee et al. (90) subsequently devised a simpler two-tiered system and created a histological scoring system based upon the presence of cytologic atypia, desmoplasia, and solid growth pattern. More recently, with an increasing consensus that GCA should be classified as an adenocarcinoma, Yozu et al. (40) proposed that grading should depend upon the proportion of the tumour that shows tubular or clustered growth pattern, with a value of >75% tubular or clustered growth for low grade (grade 1), 50%–75% for intermediate grade (grade 2), and <50% for high grade (grade 3). The World Health Organisation (WHO) Classification of Tumours 5th Edition, volume 1, supports the reclassification of goblet cell carcinoma as an adenocarcinoma (111). The Ki-67 proliferation index has been used to grade GCA (28); however, unlike in NEN, Ki-67 does not appear to correlate with prognosis (58, 64).

Four inter-user variability studies have found significant discordance in grading among pathologists (91–94). One study that directly compared inter-user agreement between the Lee et al. (90) and Tang et al. (7) classification systems found that while gastrointestinal specialist pathologists had substantial agreement for both two- and three-tiered systems, non-gastrointestinal-trained pathologists had significantly better agreement using the two-tiered system, even though their overall agreement was less (93). Subspecialty gastrointestinal pathologist review is therefore recommended in the case of GCA, but ultimately, there is a clear need for an international consensus on a single classification system.

The proportion of each grade at presentation varied depending on which classification system was used. The SEER database and NCDB grade GCA as: “1: well differentiated”; “2: moderately differentiated”; “3: poorly differentiated”; or “4: undifferentiated” (20). However, unknown grade was reported in 55%–89% of cases in most of the analyses of these registries, which prevents any meaningful conclusions on grading being drawn (2, 12, 14, 16, 19, 20, 22, 23). In one SEER analysis of 909 cases of “goblet cell carcinoid” with complete grading data, 48% were classified as grade 1, 24.3% as grade 2, 23.9% as grade 3, and 3.8% as grade 4 (17).

Grade of GCA has been shown to correlate with prognosis. Tang et al. (7) reported the 5-year DSS rate as 100%, 36%, and 0% for group A, B, and C, respectively, with a similar pattern observed in terms of OS in various retrospective analyses (40, 58, 90). Histological grade has been shown to remain an independent prognostic factor when controlled for stage in multicentre studies (40, 90).



Management

There is a lack of high-quality randomised controlled trial evidence to support any specific management strategies in GCA. The only prospective study that provided treatment recommendations had a very small sample size (10). In general, management decisions appear predominantly based upon tumour stage and grade. Surgery was performed in more than 98% of cases in two large registry studies (17, 18). Chemotherapy was administered in 14.7%–16.0% of cases, although it was unclear what proportion was in the neoadjuvant, adjuvant, or palliative setting (12, 18). Radiotherapy was very rarely used (22). Targeted treatment, immunotherapy, ablative therapy, and peptide receptor radionucleotide therapy have not systematically been studied.


Locoregional Disease

Right hemicolectomy was often performed following index appendicectomy (7, 23, 39, 54, 58, 89, 102, 103). In registry studies, hemicolectomy or more extensive surgery was performed in 42%–87% of cases (3, 12, 16–18, 23, 25). Bilateral salpingo-oopherectomy has been used as a prophylactic surgical strategy in female patients (28, 54, 58) and has been endorsed by ENETS guidelines (109).

Hemicolectomy may confer a survival advantage over appendicectomy alone in stage I–III disease; however, this was not a unanimous finding in the literature (2, 15, 52). In fact, in a retrospective study specifically stratifying by tumour “T” stage, hemicolectomy only conferred a statistically significant survival benefit in T3 and T4 tumours (5-year survival rate 85.4% vs. 82.0%, p = 0.028), with no difference in survival seen in T1 and T2 tumours, regardless of appendicectomy or hemicolectomy (83.6% vs. 87.3% p = 0.176) (15). Some authors therefore have argued that small (<1 cm), low-grade, and localised tumours with a low proliferation index can be managed with appendicectomy alone (8, 15, 73, 103); however, in reality, this situation is a rare clinical occurrence (109). Negative surgical margins have been associated with improved survival in both appendicectomy and hemicolectomy (5-year OS 83.6% vs. 47.2%, p < 0.001) (18), as has harvesting greater than 12 lymph nodes (HR 0.51, 95% CI: 0.34–0.77, p = 0.0015) (12).

Recurrence occurs despite high rates of secondary completion surgery. In one multicentre study, 16% of patients radically resected with stage I–III disease had recurrence (89), and even higher rates of 20% and 29% were documented in other retrospective cohort studies (54, 58). Recurrence was significantly higher in node-positive disease (56), Tang class B disease, or patients without appendicitis at presentation (89). The 5-year recurrence-free survival has been estimated at 73.6%–76.0% (28, 89).

The use of adjuvant chemotherapy was investigated in several studies (2, 14, 15, 52, 54, 56, 73, 89). Across localised and regional disease, this was given to 14%–17% of patients (14, 89). It was more commonly used in younger patients (14), men, those with higher grade or stage tumours (14, 15), and those undergoing hemicolectomy (15). In one study of 1,083 stage I–III GCA, adjuvant chemotherapy was associated with improved overall survival (HR 0.28, 95% CI: 0.12–0.54, p = 0.002) (15). A consistent survival advantage from adjuvant chemotherapy in lymph node-positive (14, 18) or stage III (2) disease was seen in multiple studies. This effect was not seen in stage II disease (2, 14, 18) or when stage I–III were grouped together in other studies (52, 73, 89).

One study investigated the use of CRS-HIPEC in eight patients with localised disease deemed high risk for peritoneal metastases, as defined by a perforated appendix, a peri-appendicular abscess, or a resection margin <1 mm (10). Four patients received neoadjuvant chemotherapy prior to CRS-HIPEC, and five received adjuvant chemotherapy. The 5-year OS was 100%, with a median follow-up of 3.5 years (10).



Metastatic Disease

Metastatic disease carries an unfavourable prognosis, with 1-, 3-, and 5-year OS rates in stage IV disease of 73.0%–85.7% (19, 58), 32.9% (19), and 18.0%–18.9% (18, 26, 58), respectively. There is no clear consensus on the optimal management of such patients, and due to the heterogeneity amongst treatments used, it is not possible to compare subgroup survival rates across studies or to identify prognostic factors.

The most common palliative chemotherapy regimens were similar to those used in colonic adenocarcinoma, either 5-FU-based or a combination of capecitabine and oxaliplatin (7, 28, 37, 52, 54). More rarely, authors used a small-cell lung cancer-based regimen such as carboplatin and etoposide, a NEN regimen such as streptozocin and 5-FU, or an ovarian cancer regimen such as carboplatin and docetaxel (58). Some authors combined systemic chemotherapy with targeted therapy such as bevacizumab (58, 101). In the largest series of 2,552 patients, 70.2% of patients with stage IV disease received some form of chemotherapy; however, this was not associated with improved survival (HR 0.9, 95% CI: 0.49–1.82, p = 0.86) (18). There were variable results among smaller studies. In one case series of high-grade GCA, patients treated with palliative folinic acid, fluorouracil, and oxaliplatin (FOLFOX) or irinotecan (FOLFIRI) had a progression-free survival (PFS) of 21.5 months and median OS of 32.9 months (37), yet in a retrospective analysis of 24 patients, the PFS was only 5.3 months (52).

The use of CRS-HIPEC in patients with peritoneal spread was investigated in multiple retrospective studies (10, 27, 29–31, 36, 37, 47, 50, 51, 57, 60, 65, 74). Most showed a median OS between 17 and 45 months (29, 47, 50, 57, 65, 74). Disease-free survival was reported as 13–16 months (51, 60). The only prospective study to date reported a median OS of 3.2 years (10); however, this only included 27 patients. CRS-HIPEC has been associated with significantly improved survival compared to CRS alone (39 vs. 7 months, p = 0.001) (47).

In patients with peritoneal metastases who have undergone CRS-HIPEC, lower grade (36, 51), a peritoneal cancer index of 0–20 (29, 60, 74), complete resection (29, 35, 51, 60, 65, 74), and adjuvant chemotherapy (47) have all been associated with longer survival. In a series of 24 patients, OS and PFS was significantly higher in patients with a cytoreductive score of 0 (no evidence of disease after resection) compared to a score of 1 (tumour nodules ≤0.25 cm after resection), and the authors recommend only using a cytoreductive score of 0 as a definition of complete cytoreduction in GCA (35). Neither the administration of neoadjuvant chemotherapy nor the type of perioperative chemotherapy was associated with improved survival (29, 47); however, one study found higher in vitro drug sensitivity to docetaxel in GCA than in colonic adenocarcinoma (p = 0.05) (65). There were relatively low reported morbidity rates associated with CRS-HIPEC, with grade III or higher morbidity ranging between 13.4% and 30.2% (47, 51). While all of the above suggests CRS-HIPEC may be a promising treatment in the case of advanced GCA with peritoneal metastases, most papers included were retrospective cohort studies, and therefore the results may be subject to selection bias.




Survival and Prognosis

While GCA has a worse survival than that in appendiceal NEN, it is better than that in colonic adenocarcinoma, mucinous adenocarcinoma, signet ring cell carcinoma, and mixed adeno-neuroendocrine carcinoma (3, 11, 12, 20). In a study of 944 patients, across all grades and stages, median OS was estimated at 13.8 years (20). Among registry studies, 1-, 3-, 5-, and 10-year OS was estimated at 95.5% (19), 85.9%–87.6% (16, 19), 76%–80.6% (16, 18, 26), and 58.7%–67.1% (16, 18), respectively. In retrospective cohort studies and case series, these were markedly lower at 79%–92% (39, 54, 58), 60%–63% (39, 54), 42%–60% (39, 54, 58), and 38% (58), respectively, likely secondary to higher rates of stage IV disease. The 5-year OS for stages I, II, III, and IV has been estimated at 91.1%–100%, 67.0%–90.5%, 36.0%–57.0%, and 4.2%–18.9%, respectively (18, 40).

Age (18, 40, 52), grade (40, 44, 90), and stage (12, 23, 40, 44, 52, 55) have been identified as independent prognostic factors for survival. Male sex (14), lymph node metastases (14, 15, 18), and positive surgical margins (18) have been associated with decreased survival in stage I–III disease on multivariate analyses. The association between tumour size and prognosis was inconsistent (18, 44). In one study, white ethnicity seemed strongly associated with improved OS (HR 0.44, 95% CI: 0.27–0.71, p = 0.0008) (12); however, this finding has not been replicated elsewhere.




Results: Registry Analysis

A total of 1,225 patients were included in our analysis. The demography and characteristics of the population are presented in Table 1. The median age was 60 years (IQR 49–69). There was a greater proportion of women in higher age groups; this was statistically significant (Table 2). In this study, 1,114 (90.9%) of patients were of white ethnicity compared to 89% of England’s population (112). There was an even distribution of incidence across the Index of Multiple Deprivation (IMD) (113).


Table 1 | Demography and characteristics of the patient cohort.




Table 2 | Age bands by sex.



The age-standardised incidence in 1995 was 0.0335 per 100,000 per year. Overall, this gradually increased to 0.158 in 2018 (Figure 2).




Figure 2 | Age-standardised incidence rate (ASR) over time (1995–2018).



The 1-, 3-, and 5-year survival rate was 90.0% (95% CI: 85.4–94.0), 76.0% (95% CI: 73.8–80.9), and 68.6% (95% CI: 65.9–72.2), respectively. Female sex (p = 0.006), higher grade (p = 0.001), and higher stage (p = 0.001) were significantly associated with lower OS (Table 3A). Ethnicity and IMD were not associated with OS. On univariate Cox regression analyses, female sex (HR 1.23, 95% CI: 1.07–1.53 p = 0.006), grade 3 tumours (HR 2.85, 95% CI: 1.76–4.61, p = 0.001), and stage III (HR 3.34, 95% CI: 1.85–6.02) or stage IV (HR 12.30, 95% CI: 7.14–21.15, p = 0.001) disease were significant predictors of worse OS (Table 4A). On multivariate Cox regression analysis, only stage (HR 2.90, 95% CI: 2.27–3.71, p = 0.001) remained a statistically significant prognostic factor (Table 4B).


Table 3A | Overall survival by prognostic factors in 1995–2018.



In this study, 751 patients were included in the 2009–2018 subgroup analysis (Table 1). Median age was 60 years (IQR 50–70). In addition, 53.1% and 30.2% of cases had their grade and stage unclassified, which were notably less than those of the 1995–2018 cohort. The 1-, 3-, and 5-year survival rate was 90.1% (95% CI: 85.7–94.8), 76.7% (95% CI: 71.8–80.0), and 69.5% (95% CI: 66.1–72.9), respectively (Table 3B). In keeping with the initial analysis, female sex (HR 1.34, 95% CI: 1.3–1.74, p = 0.029) and higher grade (HR 2.73, 95% CI: 1.60–4.80, p = 0.001) and stage (HR 11.70, 95% CI: 6.56–20.86, p = 0.001) were associated with decreased OS on univariate analyses (Table 4A). On multivariate analysis, only stage remained an independent prognostic factor (HR 2.78, 95% CI: 2.17–3.56, p = 0.001) (Table 4B).


Table 3B | Overall survival by prognostic factors in 2009–2018.




Table 4A | Hazard ratio (Univariate–Cox regression analyses).




Table 4B | Hazard ratio (Multivariate–Cox regression analyses).






Discussion

This study provides a comprehensive overview of GCA of the appendix as a single entity. We present the first and largest registry dataset from England and demonstrate the incidence and survival of a verified population-based cohort presenting multiple institutions over a 24-year period. This, combined with a robust systematic review, provides an extensive account of this rare tumour and its prognosis.

In both our data and the systematic review, the median age at presentation was in the 6th–7th decades, and there was no obvious sex preponderance. Combining both analyses suggests that GCA has an incidence per 100,000 ranging between 0.03 and 0.3 per year and that this is increasing. It is interesting to note that the age-standardised incidence of 0.158 in 2018 seen in our study is less than the most recently documented incidence of 0.3 per year in the analysis by Shaib et al. (3) of the SEER database published in 2016. This may be due to the use of age standardisation in our study. Alternatively, it may be a result of inherent differences between the English and American populations or due to the possibly higher incidental diagnosis rate that comes with the increased patient screening in private healthcare settings. Furthermore, as the SEER database only covers approximately one-third of the US population, analyses of this registry data may not estimate the true population incidence.

While we acknowledge that there is a significant amount of missing staging and grading data in our study, our available data do largely mirror those of previous studies. Patients are most likely to have stage II disease at presentation, and higher grade and stage are associated with worse OS. The 1-, 3-, and 5-year survival rates of 90.0% (95% CI: 85.4–94.0), 76.0% (95% CI: 73.8–80.9), and 68.6% (95% CI: 65.9–72.2) that we observed were however lower than the 95.5% (19), 85.9%–87.6% (16, 19), and 76%–80.6% (16, 18, 26) published in other registry studies. This may be due to unidentified prognostic factors or differences in the treatment modalities used. The effect of presenting grade on survival cannot be inferred due to the missing data in both our study and previous registry studies. Our subgroup analysis for 2009–2018 demonstrated an improvement in the documentation of grading and stage likely because of increased agreement in the classification of GCA in more recent years (5, 7). This more accurate dataset matched the findings of our initial analysis, with female sex, grade, and stage being associated with decreased OS and stage being an independent prognostic factor on multivariate analysis.

In our study, there was a reduced survival in women, which differs to most gastroenteropancreatic NENs, where survival is generally better in women (114). This could be explained by the higher age and stage of the female patients in our cohort; however, the cause of this is unclear. Such a relationship between female sex and worse survival in GCA has not been observed previously, so additional studies are needed to investigate this association.

Due to its rarity and the prior lack of international consensus regarding nomenclature, grading, and staging, the optimal management of GCA remains a challenge. Right hemicolectomy appears to be the most common approach in localised disease and is supported by various international guidelines; however, studies have not shown a statistically significant survival benefit for all stage I–III tumours (15). Adjuvant chemotherapy appears beneficial in lymph node-positive (14, 18) or stage III disease (2). Systemic chemotherapy and CRS-HIPEC have been used in metastatic disease, although there was significant variation in treatment regimens used. In patients with peritoneal metastases, CRS-HIPEC appears to have better outcomes than surgery alone (47). Long-term, prospective, randomised, and phase III trials are required to inform better management protocols; however, due to low incidence, well-powered studies will be challenging.

There are several limitations of this study. Firstly, as discussed, a large proportion of patients within our study did not have their grading or staging classified, which led to their exclusion from the final analyses. This, however, was not dissimilar to previous registry studies in which 55%–89% of tumours had the grade at presentation reported as unknown (2, 12, 14, 16, 19, 20, 22, 23). Additionally, as NCRAS data regarding clinical presentation, diagnostic investigations, or treatment regimens were incomplete or not yet available, the impact of these on survival could not be investigated. Given the advancements in both medical and surgical therapies over the long time period studied, it is possible that treatment strategy could have influenced survival differentially over time. It is interesting to note however that survival was comparable between our total cohort and the 2009–2018 subgroup. The systematic review is limited by the heterogeneity in nomenclature and the variations in grading and staging systems, which potentially introduces inaccuracies when comparing the registry studies. The included cohort studies and case series all contained relatively small patient numbers, with many coming from single institutions. While this reflects the rare nature of GCA, it impairs the generalisability of their findings.



Conclusion

We have presented age-standardised incidence, survival, and associated prognostic markers of this rare tumour with malignant potential. An improved understanding of GCA among clinicians is needed to achieve optimal patient outcomes. In the future, prospective and appropriately designed randomised trials of this neoplasm are required to inform management protocols.
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