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Objective: Appendiceal mucinous neoplasm (AMN) is a rare obstructive dilatation of the appendix caused by an intraluminal accumulation of mucoid material, showing an insidious onset and few specific clinical manifestations. The purpose of the study is to analyze clinicopathological characteristics of primary AMN and recurrence after radical resection.

Methods: A total of 50 patients were included in the retrospective cohort study of AMN. Patient data, such as demographics, tumor characteristics, surgical management, preoperative serum carcinoembryonic antigen (CEA), and carcinoembryonic antigen 19-9 (CA19-9) levels, were collected. All patients were followed-up with interval CT scans until the end of December 2021, with overall survival (OS) and progression-free survival (PFS) being calculated.

Results: All patients were confirmed as AMN by pathological diagnosis after surgery, including 28 cases (56.00%) of low-grade AMN (LAMN) and 22 cases (44.00%) of non-LAMN. Among 50 patients with AMN, there were 12 cases (24.00%) complicated with pseudomyxoma peritonei (PMP). Higher proportions of patients with pTis, pT3, pT4a, ruptured at presentation, and PMP were found in patients with non-LAMN patients than LAMN (p < 0.05). There was a remarkable difference about preoperative serum CA19-9 levels between patients with LAMN and non-LAMN (p = 0.044). Patients complicated with PMP had a higher proportion of patients with ruptured at presentation than those who were not (p < 0.001). The patients with PMP had increased tumor size compared with those without PMP (p = 0.031). Remarkable differences were observed in terms of preoperative serum CA19-9 (p = 0.009) levels between patients with PMP and without PMP. We performed a multivariate analysis of the presence or absence of PMP and found that ruptured at presentation was found to be a risk factor for PMP in patients with AMN (p = 0.003). The PFS in the patients with PMP and those without was 33.33% (4/12) and 2.63% (1/38), showing a significant difference (P = 0.002).

Conclusion: The study demonstrates that ruptured at presentation and PMP may influence the prognosis and survival of patients with AMN.
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INTRODUCTION

Appendectomy is a common surgical intervention. It is reported that about 1% of the appendectomy specimens are diagnosed with appendiceal tumors after pathological analysis (1), and appendiceal mucinous neoplasms (AMNs) are responsible for 0.2–0.3% of appendectomy specimens (2).

Appendiceal mucinous neoplasm is an uncommon disease and its prevalence is less than 1% of all cancers (3). Early criteria for simple mucocele considered AMN as a benign disease, also known as appendiceal mucocele (4), cystadenoma, and cystadenocarcinoma (5). The fifth edition of the World Health Organization (WHO) Classification of Tumors of the Digestive System divides AMN into low-grade and high-grade from morphological characteristics, such as structure, cytology, the presence of signet ring cells, and mitotic activity (6). Although this classification simplifies the diagnostic terminology of AMN, the ninth edition of the American Joint Committee on Cancer proposes descriptive terminology, such as well-differentiated (G1), moderately differentiated (G2), and poorly differentiated (G3), to classify AMN. Low-grade AMN (LAMN) is classified as G1, while high-grade AMN is classified as G2 or G3 (7). Studies have indicated that there are AMNs with relatively slow growth but high recurrence rate and high mortality, as well as AMNs with high invasiveness and an increased risk of early death (8, 9). AMN can lead to an increased risk of pseudomyxoma peritonei (PMP). LAMN with potential malignancy is significantly correlated with the presence of PMP. Furthermore, the increase of synchronous or metachronous colorectal cancer is associated with AMN (10, 11). PMP is a rare disease with a 1-per-million incidence rate (2), and is most frequently seen among women aged 50–70 years (12). PMP was first mentioned in the study of mucinous tumors of the ovary in 1884 (13). It is characterized by obvious diffuse intra-abdominal mucinous ascites on the surface of the peritoneum in clinical (14). This situation can be fatal if the patients with PMP are not treated.

Delayed diagnosis of appendiceal tumors often occurs due to their nonspecific clinical manifestations. In early-stage disease, the clinical manifestation presents pain in the right lower abdomen, commonly seen in acute appendicitis. A clinicopathological study of 184 patients with appendiceal tumors found that 32% of patients were misdiagnosed with acute appendicitis before the operation, and the proportion of patients accidentally diagnosed with appendiceal tumor was 23% (15).

Generally, these rare tumors are usually identified after surgery. More and more such tumors are diagnosed before any surgical operation, which benefits from the improvement of the availability and accuracy of medical imaging. The affecting factors, such as the stage at diagnosis and histological characteristics reflecting cell differentiation, are relevant to the clinical course of AMN (8, 9). In our retrospective report, we enrolled the clinical data of 50 patients with AMN and summarized the clinical characteristics of the disease and the factors affecting the prognosis, thus providing a reference for clinical diagnosis and treatment.



METHODS


Patients and Data Collection

We retrospectively reviewed data of patients with a final pathological diagnosis of AMN who underwent primary surgical treatment at the Bozhou Hospital Affiliated with Anhui Medical University between January 2017 and October 2021. Those receiving neoadjuvant chemotherapy and those with a preoperative pathological diagnosis before the primary surgery were excluded from the retrospective analysis. The diagnosis of AMN was made according to the WHO classification and the Peritoneal Surface Oncology Group (PSOGI) consensus classification (16) with our routine practice by two pathologists. A third pathologist was invited to advise if there were significant differences between the two pathologists concerning the diagnosis, and we adopted the diagnosis of the third pathologist. We reviewed clinical information, physical examination notes, surgery, and pathological records of all included patients with the approval of the Institutional Review Board of the Bozhou Hospital Affiliated with Anhui Medical University.



Biochemical Detection and Imaging Evaluation

Blood samples were collected from each patient before surgery for the detection of tumor biomarker, carcinoembryonic antigen (CEA), and carcinoembryonic antigen 19-9 (CA19-9). All patients had undergone at least one imaging evaluation (color Doppler ultrasound and CT).



Variables

Patient data, such as demographics, tumor characteristics, and surgical management, were collected. Demographic variables included age, sex, and body mass index (BMI). Surgical modality included open or laparoscopic appendectomy. On pathological review, tumor characteristics included pT stage, tumor size, resection margin, and ruptured or non-ruptured appendix. Based on the American Joint Committee on Cancer (AJCC) Staging Standard (8th edition), the pT stage was classified into pTis, pT3, pT4a, and pT4b. pTis is defined as AMNs confined to the appendix (defined as involvement by acellular mucin or mucinous epithelium that may extend into the muscularis propria), pT3 is defined as tumor penetrating the muscularis propria or fibrotic appendix wall and invading the subserosa or mesoappendix, pT4a is defined as tumor perforating the visceral peritoneum, such as mucinous peritoneal tumors or acellular mucinous tumors on the serosa of the appendix or mesoappendix, and pT4b is defined as tumor directly invading other organs or structures. Tumor size was calculated according to either the pathology report, operative note, or radiological report of preoperative imaging. The ruptured status, which was defined as complete penetration of mucin from the lumen to the serosal surface with evidence of discontinuity of the appendiceal wall, was evaluated according to the final pathology report (17).



Follow-Up

All patients were followed-up with interval CT scans until the end of December 2021. Overall survival (OS) was calculated from the date of surgery to the last date of follow-up or date of death. Progression-free survival (PFS) was calculated from the time of surgery to the date of disease progression confirmed by imaging motility.



Statistical Analysis

Data processing and analysis were performed using SPSS software version 13.0 (IBM Inc., Armonk, NY, USA). Median and ranges were used to report continuous variables when non-normally distributed and mean ± standard deviation (SD) to report continuous variables when normally distributed. Frequencies and percentages were reported for categorical values. Multivariate analysis was employed to evaluate prognostic factors. A value of p < 0.05 reflects a statistically significant difference by the t-test, Mann–Whitney U-test, or the chi-square test.




RESULTS


Patient Demographics

A total of 50 patients were included in the retrospective cohort study of AMN, among whom there were 19 men and 31 women. Patient age ranged from 21 to 81 years, with a mean age of (56.04 ± 17.13) years. There were 12 patients (24.00%) aged <44 years, 11 patients (22.00%) aged from 45 to 59 years, and 27 patients (54.00%) aged more than 60 years. The BMI of patients was 27.84 ± 5.35. The interval between the first symptoms and surgery of 50 patients was (25.5 [3.25, 120]) days.



Clinical Characteristics of Patients With AMN

Among 50 patients, 15 cases (30.00%) showed acute abdominal diseases at the visit, such as right lower abdominal pain (n = 12), total abdominal pain (n = 2), and upper abdominal pain (n = 1); the majority of cases presented no acute abdominal disease at visit (70.00%). There were 13 cases (26%) that had a history of right lower abdominal mass. About preoperative detection of an inflammatory response, 9 cases (18.00%) of 50 patients were found to have increased white blood cell and neutrophil counts. All patients had undergone color Doppler ultrasound (n = 37) and/or CT (n = 29). Before surgery, 43 cases (86.00%) were diagnosed as AMN, while 5 cases were misdiagnosed as acute appendicitis due to no evident cystic lesion on the appendix or surrounding tissues on preoperative color Doppler ultrasound or CT and 2 cases as digestive tract perforation due to perihepatic gas effusion. There were 37 patients (74.00%) undergoing open appendectomy and 13 patients (26.00%) undergoing laparoscopic appendectomy. Ruptured at presentation was found in 10 patients. The tumor size was (6.85 ± 3.39) mm. All patients were confirmed as AMN by pathological diagnosis after surgery, including 34 cases (68.00%) of appendiceal mucocele, 14 cases (28.00%) of mucinous cystadenoma of the appendix, 2 cases (4%) of mucinous adenocarcinoma of appendix; 28 cases (56.00%) of LAMN and 22 cases (44.00%) of non-LAMN. Among 50 patients with AMN, there were 12 cases (24.00%) complicated with PMP.



Surgical Management of Patients With AMN

All patients underwent complete surgical resection. During surgery, 20 patients (40.00%) who found their tumors in the middle-distal appendix were given appendectomy, 23 patients (46.00%) who had a whole appendix involved by the tumor or found their tumors at the end of the appendix were given appendectomy with partial cecectomy, and 7 patients (14.00%) who found their tumors involving the cecum and colon were given appendectomy with right hemicolectomy. Among 50 patients, 33 patients (66.00%) were defined as pTis stage, 10 patients (20.00%) were defined as pT3, and 7 patients (14.00%) were defined as pT4a; 5 patients (10.00%) had a positive resection margin and 45 patients (90.00%) had a negative resection margin. As for those with tumors ruptured at presentation, additional lymph node dissection was performed.



Association Between Clinical Characteristics and LAMN

Demographics, surgical management, and tumor characteristics of patients stratified by LAMN and non-LAMN classification are listed in Table 1. No significant difference was found regarding age, gender distribution, BMI, surgical modality, tumor size, and preoperative serum CEA levels between patients with LAMN and non-LAMN (p > 0.05). Of note, there were remarkable differences in pTis, pT3, and pT4a between patients with LAMN and non-LAMN (p < 0.001; p = 0.015; and p = 0.035). A higher proportion of patients with ruptured at presentation was found in patients with non-LAMN than LAMN (p = 0.010). In addition, we found a higher proportion of patients complicated with PMP in patients with non-LAMN than LAMN (p = 0.013). There was a remarkable difference in preoperative serum CA19-9 levels between patients with LAMN and non-LAMN (p = 0.044). It was revealed that pTis, ruptured at presentation, the presence of PMP, and CA19-9 levels may contribute to the aggressiveness of AMN.


Table 1. Demographics, surgical management, tumor characteristics of patients stratified by LAMN and non-LAMN classification.
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Risk Factors of PMP in Patients With AMN

Demographics, surgical management, and tumor characteristics of patients stratified by the presence and absence of PMP are shown in Table 2. It was found that the patients complicated with PMP were older than those who were not (p = 0.007). Patients complicated by PMP had a higher proportion of patients with ruptured at presentation than those who were not (p < 0.001). The patients with PMP had increased tumor size compared with those without (p = 0.031). Remarkable differences were observed in terms of preoperative serum CA19-9 (p = 0.009) levels between patients with PMP and without. There was no significant difference in gender distribution, age-stratification of 65-year-old BMI, surgical modality, and preoperative serum CEA levels between patients with PMP and without (p > 0.05). These observations suggested age, rupture at presentation, tumor size, and CA19-9 levels may contribute to the progression of PMP. We performed a multivariate analysis of the presence or absence of PMP by including age (assigned as actual values), ruptured at presentation (assigned as 1 = yes; 0 = no), and tumor size (assigned as actual values). It was revealed that ruptures at presentation were found as risk factors of PMP in patients with AMN (p = 0.003, Table 3).


Table 2. Demographics, surgical management, tumor characteristics of patients stratified by the presence and absence of PMP.
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Table 3. Multivariate analysis of the presence or absence of PMP.
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Follow-Up Analysis

All patients were followed-up with interval CT scans until the end of December 2021. The median follow-up time was 19 months, ranging from 2 to 47.5 months. The OS did not exhibit a significant difference between patients with non-LAMN and LAMN, between patients with PMP and without due to nobody dying. CT scans showed 4 patients with PMP who had been diagnosed with PMP and had tumors ruptured at a presentation during surgery. There was a case of strangulated hernia. The PFS was 90.00% (5/50). The PFS in the patients with non-LAMN and LAMN was 13.64% (3/22) and 7.14% (2/28), respectively, showing no significant difference (p > 0.05). The PFS in the patients with PMP and those without was 33.33% (4/12) and 2.63% (1/38), respectively, showing a significant difference (p = 0.002). These data indicate that PFS of patients with AMN is more closely associated with PMP than primary appendiceal pathological grade.




DISCUSSION

Appendiceal tumors are uncommon and often manifest as appendicitis, which is usually accidentally found in an acute situation (18). Neuroendocrine-related appendiceal tumors account for ~65% of histological classification of appendiceal tumors, and 20% of these tumors are adenocarcinoma which is defined as the most prevalent malignant histological subtype (19). In all subtypes, more than 50% of populations were subjective to adenocarcinoma (20). Most appendiceal tumors are not malignant and can be treated by appendectomy. AMN is a rare clinical disease, but the incidence rate is rising, accounting for 58% of all appendiceal tumors (21).

The nomenclature and diagnostic criteria of AMN have not been well identified for a long time. According to cytology, AMN is classified into low-grade and high-grade by the WHO Classification of Tumors of the Digestive System (2019), which is defined as a tumor with appendiceal mucinous epithelial hyperplasia, accompanied by extracellular mucus and “pushing” tumor border (6). Some studies demonstrated that KRAS and GNAS gene mutations occurred in LAMN (22, 23), and patients with high-grade AMN manifested mutations of KRAS and GNAS, along with TP53, as well as ATM (24). The pathogenesis needs to be further studied. At present, AMN is regarded as a disease of cystic expansion of the appendix caused by obstruction of the appendiceal cavity, leading to failure in the discharge of mucus secreted by the appendix mucosa. AMN can be classified into 4 types, such as retention cyst, epithelial hyperplasia cyst, mucinous cystadenoma, and mucinous cystadenocarcinoma, based on causes of obstruction of the appendix (25). It is difficult to judge whether AMN is benign or malignant simply. The initial affecting factors of AMN can be the same, but different evolution can occur, resulting in the existence of PMP (2) in the absence of hematogenic or lymphatic metastasis (26). Therefore, it is necessary to analyze AMN in combination with the biological characteristics of malignant tumors.

Appendiceal mucinous neoplasm exhibits non-specificity clinical features. In this study, 15 cases (30.00%) showed acute abdominal diseases, such as right lower abdominal pain (12 cases), total abdominal pain (2 cases), and upper abdominal pain (1 case). The majority of patients presented no acute abdominal disease (70.00%), suggesting that patients with an acute abdominal disease might be associated with AMN. In recent years, with the development of imaging technology, the accuracy of preoperative diagnosis of AMN has improved. AMN presents some ultrasound characteristics, such as location in the right lower abdomen, the anatomical position closing to the right psoas major muscle or iliac blood vessel, shaped like a tube or a circle, cystic or solid lesions, non-thick cystic wall, and the presence of calcification (27, 28). Ultrasound detection reveals a false negative rate to a certain extent due to the effect induced by intestinal gas. It is necessary to perform an abdominal CT examination for those with an unknown diagnosis. The CT examination assists in judging the correlation between the tumors and surrounding tissues, contributing to improvements in the preoperative diagnosis rate (29). In this study, all patients underwent abdominal color Doppler ultrasound or CT before surgery. We found that 43 cases (86.00%) were diagnosed with AMN before surgery. Then, 7 cases (14.00%) were misdiagnosed with other diseases, including acute appendicitis (5 cases) and digestive tract perforation caused by perihepatic gas effusion (2 cases). In the 5 patients with acute appendicitis, there was no evident cystic lesion on the appendix or surroundings before surgery.

Surgical intervention is still the only possible radical method for the treatment of AMN. Specific interventions must be determined based on the size of tumor, location of the tumor, and its invasion and adhesion with abdominal organs (30). The present study followed the following principles: (a) appendectomy is carried out to the tumors located in the middle and distal end of the appendix and without invasion at the root of the appendix (applying to 20 cases); (b) if the tumor is located in the whole segment of the appendix or invades the root of the appendix, the appendectomy combined with partial cecectomy shall be performed (applying to 23 cases); (c) the appendectomy combined with right hemicolectomy is applied to those tumors that invade the cecum or the lower segment of the ascending colon (applying to 7 cases). In addition to the above principles, additional lymph node dissection was performed for those with tumor rupture during the intervention. Open appendectomy and laparoscopic appendectomy were applied to 37 patients (74.00%) and 13 patients (26.00%), respectively. In addition, 10 patients showed tumor rupture at presentation, and the tumor size was (6.85 ± 3.39) mm. Moreover, 12 cases of 50 patients with AMN were complicated with PMP. It suggested that the presence of PMP was associated with AMN. Ning et al. indicated that the occurrence of PMP was induced by LAMN accompanied by rectal cancer (31), and Reiter et al. revealed that the progression of PMP was related to LAMN (32). In this study, all patients were confirmed as AMN by pathological diagnosis after surgery, and LAMN accounted for 56.00%, and non-LAMN occupied 44.00%. Furthermore, we found that the incidence of tumor rupture and PMP in patients with non-LAMN was higher than that in patients with LAMN. CA19-9 is a tumor marker of pancreatic, gastric, and hepatobiliary malignancies. The high level of CA19-9 indicates that the lesion develops into malignancy, which is related to a poor prognosis (33). In our study, patients with non-LAMN presented a much higher level of preoperative serum CA19-9 than the patients with LAMN. These results showed that pTis, tumor rupture at presentation, the presence of PMP, and CA19-9 levels may be associated with the aggressiveness of AMN. To further analyze the risk factors of PMP in patients with AMN, we analyzed demographics, surgical management, and tumor characteristics of patients stratified by the presence and absence of PMP. It was revealed that age, tumor rupture at presentation, tumor size, and CA19-9 levels might be associated with the progression of PMP. We found that tumor rupture was a risk factor leading to PMP in patients with AMN, which was supported by other studies (34) indicating tumor rupture at presentation was the only factor significantly associated with PMP. The follow-up data (median: 19 months, ranging from 2 to 47.5 months) showed no significant difference in the OS between patients with non-LAMN and LAMN, and between patients with PMP and without PMP. However, the long-term effect needs to be further studied. It has been reported that no matter how benign or malignant AMN, once the tumor ruptures, it will significantly increase the postoperative recurrence rate and the risk of peritoneal implantation and metastasis, and affect the prognosis of patients (35). The present study found that 4 patients with previous PMP were diagnosed with PMP again and showed tumor rupture.

In conclusion, AMN is rare in clinics and lacks specific clinical manifestations. Clinicians should consider the possibility of AMN when the patient presents right lower abdominal pain, total abdominal pain, and upper abdominal pain. Abdominal color Doppler ultrasound and CT examination are helpful in making a clear diagnosis and guiding the treatment of AMN. Tumor rupture in AMN is a risk factor affecting the progression of PMP. However, further investigations with a large-scale sample size should be performed to provide a full understanding of the pathogenesis and progression of AMN.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Bozhou Hospital Affiliated to Anhui Medical University. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

ZBW conceived and designed the study and contributed to the writing of initial draft, and as well as review and editing. MMY contributed to study design, study validation, along with experimental resources, and software preparation. JYS assisted in writing, performed data analysis, and interpretation. ZPY was responsible for data verification and visualization. JP assisted in data analysis and verification. ZML contributed to funding acquisition and manuscript revision. All authors approved final manuscript.



FUNDING

The study was supported by the National Natural Science Foundation of China (No. 81671886).



REFERENCES

 1. Connor SJ, Hanna GB, Frizelle FA. Appendiceal tumors: retrospective clinicopathologic analysis of appendiceal tumors from 7,970 appendectomies. Dis Colon Rectum. (1998) 41:75–80. doi: 10.1007/BF02236899

 2. Smeenk RM, van Velthuysen ML, Verwaal VJ, Zoetmulder FA. Appendiceal neoplasms and pseudomyxoma peritonei: a population based study. Eur J Surg Oncol. (2008) 34:196–201. doi: 10.1016/j.ejso.2007.04.002

 3. Shaib WL, Assi R, Shamseddine A, Alese OB, Staley C 3rd, Memis B, et al. Appendiceal mucinous neoplasms: diagnosis and management. Oncologist. (2018) 23:137. doi: 10.1634/theoncologist.2017-0081erratum

 4. A Manual of Pathological Anatomy. Br Foreign Med Chir Rev. (1855) 15:346–59.

 5. Elting W. IX. Primary carcinoma of the vermiform appendix, with a report of three cases. Ann Surg. (1903) 37:549–74.

 6. Ahadi M, Sokolova A, Brown I, Chou A, Gill AJ. The 2019 World Health Organization Classification of appendiceal, colorectal and anal canal tumours: an update and critical assessment. Pathology. (2021) 53:454–61. doi: 10.1016/j.pathol.2020.10.010

 7. Olawaiye AB, Baker TP, Washington MK, Mutch DG. The new (Version 9) American Joint Committee on Cancer tumor, node, metastasis staging for cervical cancer. CA Cancer J Clin. (2021) 71:287–98. doi: 10.3322/caac.21663

 8. Pai RK, Beck AH, Norton JA, Longacre TA. Appendiceal mucinous neoplasms: clinicopathologic study of 116 cases with analysis of factors predicting recurrence. Am J Surg Pathol. (2009) 33:1425–39. doi: 10.1097/PAS.0b013e3181af6067

 9. Misdraji J, Yantiss RK, Graeme-Cook FM, Balis UJ, Young RH. Appendiceal mucinous neoplasms: a clinicopathologic analysis of 107 cases. Am J Surg Pathol. (2003) 27:1089–103. doi: 10.1097/00000478-200308000-00006

 10. Hissong E, Yantiss RK. The frontiers of appendiceal controversies: mucinous neoplasms and pseudomyxoma peritonei. Am J Surg Pathol. (2022) 46:e27–42. doi: 10.1097/PAS.0000000000001662

 11. Houlze-Laroye C, Eveno C. Low-grade appendiceal mucinous neoplasms with bowel obstruction. Pleura Peritoneum. (2019) 4:20190020. doi: 10.1515/pp-2019-0020

 12. Qu ZB, Liu LX. Management of pseudomyxoma peritonei. World J Gastroenterol. (2006) 12:6124–7. doi: 10.3748/wjg.v12.i38.6124

 13. Bignell M, Carr NJ, Mohamed F. Pathophysiology and classification of pseudomyxoma peritonei. Pleura Peritoneum. (2016) 1:3–13. doi: 10.1515/pp-2016-0008

 14. Carr NJ, Cecil TD, Mohamed F, Sobin LH, Sugarbaker PH, Gonzalez-Moreno S, et al. Peritoneal surface oncology group: a consensus for classification and pathologic reporting of pseudomyxoma peritonei and associated appendiceal neoplasia: the results of the peritoneal surface oncology group international (PSOGI) modified delphi process. Am J Surg Pathol. (2016) 40:14–26. doi: 10.1097/PAS.0000000000000535

 15. Carr NJ, McCarthy WF, Sobin LH. Epithelial noncarcinoid tumors and tumor-like lesions of the appendix. A clinicopathologic study of 184 patients with a multivariate analysis of prognostic factors. Cancer. (1995) 75:757–68.

 16. Valasek MA, Pai RK. An update on the diagnosis, grading, and staging of appendiceal mucinous neoplasms. Adv Anat Pathol. (2018) 25:38–60. doi: 10.1097/PAP.0000000000000178

 17. Misdraji J. Appendiceal mucinous neoplasms: controversial issues. Arch Pathol Lab Med. (2010) 134:864–70. doi: 10.5858/134.6.864

 18. B B SK, Jasuja P. Appendiceal mucocele-A rare case report. Int J Surg Case Rep. (2019) 58:21–5. doi: 10.1016/j.ijscr.2019.04.008

 19. McCusker ME, Cote TR, Clegg LX, Sobin LH. Primary malignant neoplasms of the appendix: a population-based study from the surveillance, epidemiology and end-results program, 1973-1998. Cancer. (2002) 94:3307–12. doi: 10.1002/cncr.10589

 20. Marmor S, Portschy PR, Tuttle TM, Virnig BA. The rise in appendiceal cancer incidence: 2000-2009. J Gastrointest Surg. (2015) 19:743–50. doi: 10.1007/s11605-014-2726-7

 21. Ramaswamy V. Pathology of mucinous appendiceal tumors and pseudomyxoma peritonei. Indian J Surg Oncol. (2016) 7:258–6. doi: 10.1007/s13193-016-0516-2

 22. Yanai Y, Saito T, Hayashi T, Akazawa Y, Yatagai N, Tsuyama S, et al. Molecular and clinicopathological features of appendiceal mucinous neoplasms. Virchows Arch. (2021) 478:413–26. doi: 10.1007/s00428-020-02906-5

 23. Nishikawa G, Sekine S, Ogawa R, Matsubara A, Mori T, Taniguchi H, et al. Frequent GNAS mutations in low-grade appendiceal mucinous neoplasms. Br J Cancer. (2013) 108:951–8. doi: 10.1038/bjc.2013.47

 24. Liao X, Vavinskaya V, Sun K, Hao Y, Li X, Valasek M, et al. Mutation profile of high-grade appendiceal mucinous neoplasm. Histopathology. (2020) 76:461–9. doi: 10.1111/his.13986

 25. Padmanaban V, Morano WF, Gleeson E, Aggarwal A, Mapow BL, Stein DE, et al. Incidentally discovered low-grade appendiceal mucinous neoplasm: a precursor to pseudomyxoma peritonei. Clin Case Rep. (2016) 4:1112–6. doi: 10.1002/ccr3.694

 26. Shimoyama S, Kuramoto S, Kawahara M, Yamasaki K, Endo H, Murakami T, et al. A rare case of pseudomyxoma peritonei presenting an unusual inguinal hernia and splenic metastasis. J Gastroenterol Hepatol. (2001) 16:825–9. doi: 10.1046/j.1440-1746.2001.02401.x

 27. Hajiran A, Baker K, Jain P, Hashmi M. Case of an appendiceal mucinous adenocarcinoma presenting as a left adnexal mass. Int J Surg Case Rep. (2014) 5:172–4. doi: 10.1016/j.ijscr.2013.12.008

 28. Codeca C, Moruzzi MC, Spina MR, Moro F, Scambia G, Testa AC. Ultrasound features of appendiceal adenoneuroendocrine carcinoma metastatic to ovaries. Ultrasound Obstet Gynecol. (2021) 57:503–4. doi: 10.1002/uog.22022

 29. Yu XR, Mao J, Tang W, Meng XY, Tian Y, Du ZL. Low-grade appendiceal mucinous neoplasms confined to the appendix: clinical manifestations and CT findings. J Investig Med. (2020) 68:75–81. doi: 10.1136/jim-2018-000975

 30. Young S, Sueda SK, Hotta M, Sung ML, O'Connor VV, Leung AM. Surgical management of appendiceal mucinous neoplasm: Is appendectomy sufficient? J Surg Oncol. (2020) 122:1173–8. doi: 10.1002/jso.26108

 31. Ning S, Yang Y, Wang C, Luo F. Pseudomyxoma peritonei induced by low-grade appendiceal mucinous neoplasm accompanied by rectal cancer: a case report and literature review. BMC Surg. (2019) 19:42. doi: 10.1186/s12893-019-0508-6

 32. Reiter S, Rog CJ, Alassas M, Ong E. Progression to pseudomyxoma peritonei in patients with low grade appendiceal mucinous neoplasms discovered at time of appendectomy. Am J Surg. (2021) S0002-9610(21)00729-7. doi: 10.1016/j.amjsurg.2021.12.003

 33. Scara S, Bottoni P, Scatena R. CA Biochemical and clinical aspects. Adv Exp Med Biol. (2015) 867:247–60. doi: 10.1007/978-94-017-7215-0_15

 34. Sueda S, Young S, Sung M, Hotta M, O'Connor V, Leung AM. Predictors of Progression of Appendiceal Mucinous Neoplasm to Pseudomyxoma Peritonei. Am Surg. (2020) 86:1379–84. doi: 10.1177/0003134820964464

 35. Hsu M, Young RH, Misdraji J. Ruptured appendiceal diverticula mimicking low-grade appendiceal mucinous neoplasms. Am J Surg Pathol. (2009) 33:1515–21. doi: 10.1097/PAS.0b013e3181abe31b

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Wang, Yin, Shao, Yin, Peng and Lu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fsurg-09-902543-t003.jpg
Variables Exp 95%Cl P

Age (year) 1.087 0.992-1.191 0075
Ruptured at presentation, n (%) 51798 3713-722477 <0001
Tumor size (mm) 1.124 0.826-1.530 0.455





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Clinicopathological Characteristics of Primary Appendiceal Mucinous Neoplasm and Recurrence After Radical Resection



		Introduction



		Methods



		Patients and Data Collection



		Biochemical Detection and Imaging Evaluation



		Variables



		Follow-Up



		Statistical Analysis







		Results



		Patient Demographics



		Clinical Characteristics of Patients With AMN



		Surgical Management of Patients With AMN



		Association Between Clinical Characteristics and LAMN



		Risk Factors of PMP in Patients With AMN



		Follow-Up Analysis







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in surgery

Clinicopathological Characteristics
of Primary Appendiceal Mucinous
Neoplasm and Recurrence After
Radical Resection





OPS/images/fsurg-09-902543-t001.jpg
Variables LAMN (n = 28) Non-LAMN (n = 22) P

Age (year) 55.05 + 16.39 58,04+ 17.94 0542
Female, n (%) 18 (64.29%) 13 (59.09%) 0774
BMI 27.83+6.75 27.86+4.94 0985
Open appendectomy, n (%) 20 (71.43%) 17 (77.27%) 0.751

pT stage, n (%)

pTis (0 =33) 25 (89.29%) 8 (36.36%) <0.001
pT8 (1= 10) 2(7.14%) 8(36.36%) 0015
pTaa(n=7) 1(3.57%) 6(27.27%) 0035
Ruptured at presentation, n (%) 2 (14.29%) 8(27.27%) 0010
Tumor size (mm) 655348 7234332 0.483
PMP, n (%) 3(17.86%) 9(31.82%) 0013

Preoperative serum CEA levels (ng/mL), median (range) 3.12 (0-438.59) 4.00 (0-2,536) 0.172

Preoperative serum CA19-0 levels (ng/mL), median (range) 9.34 (0-1524.55) 15.31 (0-8824.33) 0044

Median and ranges were compared using Mann-Whitney test; Mean = standard deviation were compared using ¢ test. Frequencies and percentages were compared using
chi-square test.





OPS/images/fsurg-09-902543-t002.jpg
Variables Presence (n = 12) Absence (n = 38) P

Age (year) 67.42 £ 11.00 52.45 % 17.24 0.007
Age = 65 years, n (%) 8(66.67%) 14 (36.84%) 0099
Female, n (%) 9 (75.00%) 22 (57.89%) 0332
BMI 2751 502 27.95 +552 0807
Open appendectomy, 1 (%) 9 (75.00%) 28 (73.68%) 0928
Ruptured at presentation, 1 (%) 8(66.67%) 1(2.63%) <0.001
Tumor size (mm) 838434 637 £2.94 0081
Preoperative serum CEA levels (ng/mL), median (range) 7.98 (0-2,904.56) 2.42 (0-357.46) 0208
Preoperative serum CA19-9 levels (ng/mL), median (range) 16.27 (0-9,264) 7.55 (0-1,280.43) 0009

Median and ranges were compared using Mann-Whitney test; Mean  standard deviation were compared using t-test. Frequencies and percentages

were compared using
chi-square test.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





