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Background: Appendiceal Mucinous Neoplasms (AMNs) are a rare disease characterized by the accumulation of mucus within the vermiform appendix and are frequently misdiagnosed as appendicitis. Hence, it is crucial to consider AMNs because they have the potential to progress into peritoneal pseudomyxoma (PP), a clinical syndrome distinguished by mucus buildup in the peritoneum leading to progressive abdominal pathology.



Case report: We present a case involving a 13-year-old male patient who was initially suspected of having acute purulent appendicitis prior to surgery, a formal laparoscopic appendectomy was performed. Microscopic examination revealed the presence of high-grade appendiceal mucinous neoplasm (HAMN), with certain areas exhibiting features consistent with mucinous adenocarcinoma, and focal invasion of the muscular layer was observed. After multidisciplinary discussion, the patient underwent laparoscopic ileocecal resection followed by hyperthermic intraperitoneal chemotherapy (HIPEC) and molecular targeted therapy leading to favorable outcome during subsequent regular follow-up evaluations validating the appropriateness of the chosen surgical procedure.



Conclusion: This case presents a rare pediatric appendiceal mucinous tumor, highlighting the importance of recognizing the presence of a tumor for clinicians when diagnosing an appendiceal abscess.
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Introduction

The incidence of Appendiceal Mucinous Neoplasms (AMNs) among appendiceal tumors was reported to be 1.4% (1). The predominant symptom observed in patients with AMNs was right lower quadrant pain, and the median age at diagnosis was 60 ± 15 years (1). Furthermore, there was a notable predominance of females (1, 2). Appendiceal mucinous neoplasms are often confused with appendicitis due to the prevalent symptom of right lower quadrant abdominal pain (1, 3). It is crucial to consider the possibility of AMNs in the differential diagnosis of abdominal pain since these neoplasms can be diagnosed at any age (3). Although there are established pathological classifications, surgical resection is vital in preventing the progression of peritoneal pseudomyxoma (PP) (1, 3–8). However, preoperative diagnosis of AMNs poses significant challenge due to its nonspecific clinical manifestations.

Our goal is to enhance awareness of AMNs in the pediatric population and contribute to the existing knowledge by sharing our experiences with a case treated at our hospital, by providing information on classification and treatment options for AMNs.



Case presentation

A 13-year-old male patient was presented to our hospital with a complaint of right lower quadrant abdominal pain and constipation for 20 days, accompanied by a weight loss of 5 kg. One day prior to his visit to the pediatric surgery department, he developed fever up to 38.9 °C. At his local hospital, an initial diagnosis of periappendiceal abscess was made based on computed tomography (CT) findings. Upon abdominal examination conducted at our hospital, tenderness was noted in the right lower quadrant, with no signs of abdominal tension or rebound tenderness.

The ultrasound examination revealed the presence of a heterogeneous and hypoechoic mass measuring approximately 54.0 mm × 32.0 mm × 34.0 mm with well-defined borders located at the tip of the appendix (Figure 1). Notably, no significant intralesional color Doppler flow was observed (Figure 1B). Further diagnostic information was obtained through an enhanced CT scan at our hospital, which revealed a mixed-density mass in the appendiceal region measuring about 37.0 mm × 44.0 mm in cross-section. The mass predominantly exhibited cystic density with a few soft tissue density shadows present, while the soft tissue density demonstrated noticeable delayed enhancement along with evidence of a periappendicular abscess involvement of the adjacent sigmoid colon (Figure 2). Blood testing results showed C—reactive protein (CRP) levels of 58.58 mg/L, carcinoembryonic antigen (CEA) levels of 7.99 ng/ml and neuron-specific enolase (NSE) levels of 168.7 ng/ml; other results were generally normal. The patient underwent a laparoscopic procedure during which an abscess was fund, between the bladder and rectum, which wrapped around the tip of the appendix, purulent fluid was attached to the appendix; a presumed diagnosis of perforated appendicitis was made. Cultures were obtained and the appendix removed. The patient exhibited a satisfactory postoperative recovery, and the presence of Actinomyces odontolyticus infection was confirmed through bacterial culture. The postoperative pathological examination revealed the coexistence of high-grade appendiceal mucinous neoplasm (HAMN) with partial mucinous adenocarcinoma and focal invasion into the muscular layer (Figure 3).


[image: Figure 1]
FIGURE 1
In grayscale (A) and color Doppler (B) longitudinal ultrasound images, a heterogeneous hypoechoic mass with a maximum diameter of 5.4 cm was observed, exhibiting clear margins and an irregular outline. Further examination with color Doppler imaging revealed the absence of no significant internal blood flow, thereby confirming its cystic nature.
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FIGURE 2
The abdominopelvic contrast-enhanced CT (A) revealed a mixed density mass 37 mm × 44 mm, predominantly with cystic density and a few soft tissue density shadows in between (red arrow). The mass exhibited clear delayed enhancement (B) during the enhanced scan (blue arrow).
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FIGURE 3
Panel (A) was pathologically diagnosed as HAMN of the appendix (red arrow), and panel (B) was characterized by partial regional involvement of mucinous adenocarcinoma (black arrow).


Postoperative positron emission tomography (PET/CT) revealed multiple enlarged lymph nodes of uncertain nature in the abdominal cavity. Due to the risk of mucinous adenocarcinoma rupture and progress to PP, the patient underwent a laparoscopic ileoceal resection and received three consecutive sessions of hyperthermic intraperitoneal chemotherapy (HIPEC) three months after surgery. The first session involved a 60-min intraperitoneal perfusion with distilled water at 43 ℃, the second session received a subsequent 90-min infusion of raltitrexed at a dose of 4 mg/m2. Finally, the third session consisted of a 90-min intraperitoneal perfusion with cisplatin at a dose of 100 mg. The patient had an uneventful recovery and was discharged from the hospital. Pathological examination revealed negative resection margins and no regional lymph nodes metastasis. Follow-up observations every three months was recommended. At 16 months after surgery, an enhanced CT scan showed a new mass invading the right ureter and closely related to both iliac vessels and bowel in the pelvis area, posing challenges for radical resection. Following comprehensive evaluation, FOLFIRI (fluorouracil, leucovorin, irinotecan) chemotherapy regimen + bevacizumab targeted therapy was initiated as treatment. The medical team advised serial CT scans every 3 months along with regular physical examinations for follow-up observations. At the last follow-up, which occurred 19 months after the operation, he remained well; however, the patient chose to continue follow-up care at another institution.



Discussion

Appendiceal tumors are found in approximately 1% of appendectomy specimens (2). The incidence of AMNs among appendiceal tumors is reported to be 1.4% (1). Frequently, AMNs are misdiagnosed as cystic masses, adnexal abscesses, pedunculated uterine leiomyoma or appendiceal mucoceles, primarily due to their most common presenting symptom: acute or chronic right lower quadrant abdominal pain (9–13). There have been documented cases where AMNs coexist with other medical conditions; for example, Propst R. reported a case of metastatic prostate adenocarcinoma coexisting with a history of an HAMN (14).

The eighth edition of the American Joint Committee on Cancer (AJCC) Staging Manual has introduced a three-tiered system: G1 designates low-grade tumors, while G2 and G3 classify high-grade tumors (6). The Peritoneal Surface Oncology Group International (PSOGI) has defined Low-grade appendiceal mucinous neoplasm (LAMN) as a mucinous neoplasm exhibiting low-grade cytology, which may manifest with any of the subsequent characteristics (5, 15, 16): absence of the lamina propria and muscularis mucosae; fibrosis occurring in the submucosa; a growth pattern characterized by invagination into the appendix wall. In terms of gross features and histology, HAMN exhibits similarities to LAMN (5, 12), however, HAMN differs in that it extends beyond the mucosa into the appendiceal wall with high-grade cytologic atypia (12).

It has been suggested that patients with HAMNs should refer to the AJCC staging system for LAMN (12). However, PSOGI and the 8th edition of AJCC recommend applying the invasive adenocarcinoma staging system to HAMN (17). Therefore, further investigations are needed to establish a standardized staging criterion for HAMN.

The treatment approach for HAMN is determined by the tumor's stage and histological features, typically involving adjuvant right hemicolectomy, cytoreductive surgery (CRS), and HIPEC, preoperative chemotherapy or targeted therapy may also be utilized in some cases (17, 18). A clinical trial conducted by Raul S. Gonzalez demonstrated that 2 out of 35 HAMN patients who underwent appendectomy had positive proximal margins but remained alive and recurrence-free during follow-up. This finding suggests that when mucinous neoplasms are confined to the appendix (12), appendectomy alone may be a viable option. However, according to PSOGI recommendations, adjunctive right hemicolectomy should be considered for HAMN patients without perforation, whereas perforation after appendectomy requires right hemicolectomy and CRS + HIPEC. For cases of appendiceal mucinous adenocarcinoma, right hemicolectomy followed by CRS + HIPEC is recommended (15, 17, 19). Additionally, some experts suggest considering preoperative systemic chemotherapy for patients with high-grade appendiceal adenocarcinoma (6, 20).

The necessity of extended resection following appendectomy has been a subject of debate among researchers. Routine right hemicolectomy is not recommended in patients with negative appendiceal margins (2, 5, 17, 21) due to the unlikely spread of tumor cells to regional lymph nodes and the potential presence of extra-appendiceal cells only within scar tissue (5, 18). Some investigators have suggested that non-LAMN appendiceal cancers invading beyond the submucosa may require additional resection approaches similar to those employed for colorectal cancer (22). However, given the limited published data on appendiceal neoplasms, further prospective studies are warranted to determine the optimal treatment regimen.



Conclusion

This case reports a rare case of appendiceal mucinous neoplasm in children, emphasizing the importance for pediatric surgeons to consider the potential presence of AMNs when diagnosing appendiceal masses.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by The Institutional Review Board of the Affiliated Hospital of Qingdao University. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants' legal guardians/next of kin. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

LW: Writing – original draft. JZ: Investigation, Writing – original draft. WH: Writing – review & editing, Conceptualization. TL: Supervision, Writing – review & editing. JL: Formal analysis, Writing – review & editing. CS: Conceptualization, Funding acquisition, Supervision, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Acknowledgements

The authors thank Professor Qian Dong for his dedicated advice and assistance in the diagnosis of this case.



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.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.



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.



References

1. Gundogar O, Kimiloglu E, Komut N, Cin M, Bektaş S, Gönüllü D, et al. Evaluation of appendiceal mucinous neoplasms with a new classification system and literature review. Turk J Gastroenterol. (2018) 29:532–42. doi: 10.5152/tjg.2018.17605

2. Fournier K, Rafeeq S, Taggart M, Kanaby P, Ning J, Chen HC, et al. Low-grade appendiceal mucinous neoplasm of uncertain malignant potential (LAMN-UMP): prognostic factors and implications for treatment and follow-up. Ann Surg Oncol. (2017) 24:187–93. doi: 10.1245/s10434-016-5588-2

3. Basak F, Hasbahceci M, Yucel M, Sisik A, Acar A, Kilic A, et al. Does it matter if it is appendix mucocele instead of appendicitis? Case series and brief review of literature. J Cancer Res Ther. (2018) 14:1355–60. doi: 10.4103/0973-1482.183193

4. Jivan S, Bahal V. Pseudomyxoma peritonei. Postgrad Med J. (2002) 78:170–2. doi: 10.1136/pmj.78.917.170

5. Carr NJ, Bibeau F, Bradley RF, Dartigues P, Feakins RM, Geisinger KR, et al. The histopathological classification, diagnosis and differential diagnosis of mucinous appendiceal neoplasms, appendiceal adenocarcinomas and pseudomyxoma peritonei. Histopathology. (2017) 71:847–58. doi: 10.1111/his.13324

6. Van de Moortele M, De Hertogh G, Sagaert X, Van Cutsem E. Appendiceal cancer : a review of the literature. Acta Gastro-Enterol Belg. (2020) 83:441–8.33094592

7. Ruiz-Tovar J, Teruel DG, Castiñeiras VM, Dehesa AS, Quindos PL, Molina EM. Mucocele of the appendix. World J Surg. (2007) 31:542–8. doi: 10.1007/s00268-006-0454-1

8. 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. doi: 10.1002/1097-0142(19950201)75:3%3C757::AID-CNCR2820750303%3E3.0.CO;2-F

9. Dong J, Tian Y. Low-grade appendiceal mucinous neoplasm. Clin Res Hepatol Gastroenterol. (2021) 45:101647. doi: 10.1016/j.clinre.2021.101647

10. Cubro H, Cengic V, Burina N, Kravic Z, Beciragic E, Vranic S. Mucocele of the appendix presenting as an exacerbated chronic tubo-ovarian abscess: a case report and comprehensive review of the literature. Medicine (Baltimore). (2019) 98:e17149. doi: 10.1097/MD.0000000000017149

11. Pantiora EV, Massaras D, Koutalas J, Bagiasta A, Kontis EA, Fragulidis GP. Low-grade appendiceal mucinous neoplasm presenting as adnexal mass: a case report. Cureus. (2018) 10(11):e3568. doi: 10.7759/cureus.3568

12. Gonzalez RS, Carr NJ, Liao H, Pai RK, Agostini-Vulaj D, Misdraji J. High-grade appendiceal mucinous neoplasm: clinicopathologic findings in 35 cases. Arch Pathol Lab Med. (2022) 146:1471–8. doi: 10.5858/arpa.2021-0430-OA

13. Lu A, Cho J, Vazmitzel M, Layfield L, Staveley-O'Carroll K, Gaballah A, et al. High-grade appendiceal mucinous neoplasm presenting as a giant appendiceal mucocele. Radiol Case Rep. (2021) 16:1051–6. doi: 10.1016/j.radcr.2021.02.014

14. Propst R, Chen Wongworawat Y, Choo E, Cobb C, Raza A. Metastatic prostate adenocarcinoma and high-grade appendiceal mucinous neoplasm mimicking acute appendicitis in a post-radiation therapy patient. SAGE Open Med Case Rep. (2021) 9:2050313X2098842. doi: 10.1177/2050313X20988421

15. 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

16. Carr NJ, Cecil TD, Mohamed F, Sobin LH, Sugarbaker PH, González-Moreno S, et al. 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

17. Govaerts K, Lurvink RJ, De Hingh IHJT, Van der Speeten K, Villeneuve L, Kusamura S, et al. Appendiceal tumours and pseudomyxoma peritonei: literature review with PSOGI/EURACAN clinical practice guidelines for diagnosis and treatment. Eur J Surg Oncol. (2021) 47:11–35. doi: 10.1016/j.ejso.2020.02.012

18. Nasseri YY, Zhu R, Sutanto C, Wai C, Cohen JS, Ellenhorn J, et al. Role of right hemicolectomy in patients with low-grade appendiceal mucinous adenocarcinoma. Am J Surg. (2019) 218:1239–43. doi: 10.1016/j.amjsurg.2019.07.035

19. 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

20. Shaib WL, Assi R, Shamseddine A, Alese OB, Staley C, Memis B, et al. Appendiceal mucinous neoplasms: diagnosis and management. Oncologist. (2017) 22:1107–16. doi: 10.1634/theoncologist.2017-0081

21. González-Moreno S, Sugarbaker PH. Right hemicolectomy does not confer a survival advantage in patients with mucinous carcinoma of the appendix and peritoneal seeding. Br J Surg. (2004) 91:304–11. doi: 10.1002/bjs.4393

22. Makino A, Okumura T, Yamashita K, Isogaki J, Kawabe A. A case of low-grade appendiceal mucinous neoplasm that led to surgery after 12 years of no treatment. Cureus. (2023) 15:e43024. doi: 10.7759/cureus.43024



OPS/images/fped-13-1525530-g002.jpg





OPS/images/fped-13-1525530-g003.jpg





OPS/images/fped-13-1525530-g001.jpg





OPS/xhtml/Nav.xhtml




Contents





		Cover



		High-grade appendiceal mucinous neoplasms in children: a case report

		Introduction



		Case presentation



		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgements



		Conflict of interest



		Generative AI statement



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Pediatrics

High-grade appendiceal
mucinous neoplasms in children:
a case report









OPS/images/crossmark.jpg
(®) Check for updates.





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





