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Abstract

Primary appendiceal neoplasms represent a relatively low percentage of all
gastrointestinal cancers. A subset of these neoplasms, those of epithelial
origin, are characterised by the production of a considerable amount of mu-
cus, which is referred to as appendiceal mucinous neoplasms (AMN). Ap-
pendiceal mucinous neoplasms (AMN) have a low incidence, are easily mis-
diagnosed, depend on postoperative examination for confirmation of the di-
agnosis, are prone to form a “diagnosis”, and have a high incidence of the
disease. Furthermore, they are prone to form peritoneal pseudomyxoma per-
itonei (PMP), are controversial in surgical decision-making, are prone to re-
curring after surgery alone, and are tricky to manage clinically. In this paper,
we review the pathological characteristics, diagnosis and treatment of appen-
diceal mucinous tumours in the light of recent literature reports, with a view
to providing certain references for the clinical diagnosis and treatment of this
disease.
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1. Introduction

Appendiceal mucinous neoplasms (AMN) have a very low incidence [1] and
have been on the rise in recent years in the younger age groups [2]. Their path-
ogenesis has not yet been thoroughly investigated, which makes the prevention
of this disease quite difficult. The clinical manifestations of appendiceal mucin-
ous tumour are not sufficiently specific, and the early manifestations are similar
to those of appendicitis, manifesting as metastatic right lower abdominal pain or

fixed right lower abdominal pain. Consequently, this disease is susceptible to
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misdiagnosis. Currently, the accuracy of various preoperative examinations is
continuously improving, yet it remains challenging to confirm the diagnosis of
AMN before surgery. Postoperative pathological diagnosis is the “gold standard”
for AMN. In the absence of an early diagnosis, the appendix may rupture and
perforate due to excessive mucus accumulation, with tumour cells being planted
in the peritoneum with the mucus into the abdominal cavity to form a peritoneal
pseudomyxoma peritonei (PMP). This requires surgical intervention and is
prone to recurrence, with the patient’s health being significantly compromised
by multiple surgeries. Currently, the treatment of AMN in China is a compre-
hensive approach, primarily surgical. The surgical method is controversial, and
there is no unified guideline. Prevention of PMP formation is also an important
aspect of AMN treatment. In recent years, hyperthermic intraperitoneal perfu-
sion chemotherapy (HIPEC) has attracted the attention of numerous scholars
due to its distinctive efficacy on PMP. Intravenous chemotherapy is ineffective
for PMP due to the insufficient blood supply to the peritoneal surface and the
existence of the plasma-peritoneal barrier [3]. Intraperitoneal thermal perfusion
chemotherapy can be achieved by preparing chemotherapeutic drugs into a per-
fusion solution, heating it to the appropriate temperature (43°C) and then in-
fusing it into the abdominal cavity with an intraperitoneal thermal perfusion de-
vice to carry out a thermostatic cycle. The perfusion solution kills tumour cells
through thermal damage and other mechanisms, while it is weaker for the killing
power of normal cells. This results in the death of tumour cells while normal
cells survive, and ultimately achieve the purpose of preventing or treating PMP.
This article presents the latest developments in the diagnosis and treatment of
appendiceal mucinous tumours, based on an analysis of pathological character-
istics, diagnosis and treatment of appendiceal mucinous tumours in the context

of recent literature reports.

2. Epidemiology

There is a paucity of large-scale epidemiological investigations of AMN in Chi-
na, with the majority of relevant literature comprising scattered case reports. In
the United States, appendiceal tumours account for less than 1% of all gastroin-
testinal tract tumours, with approximately two to three thousandths of appendi-
ceal specimens confirmed to be AMN [4]. In the United States, appendiceal tu-
mours account for less than 1% of all GI tumours, with approximately two to
three percent of appendiceal specimens confirmed to be AMN [5]. AMN is dis-
tinct from colorectal cancer (CRC) in that it is a relatively inert tumour that
rarely metastasises outside the peritoneal cavity. Long-term statistics indicate
that the incidence of AMN in the United States has been on the rise, with a no-
table increase in the number of cases occurring in younger individuals [6]. In the
United States, the incidence of AMN has been increasing and becoming young-
er, and a similar trend has been observed in the Netherlands [7]. The incidence

of AMN in the United States is on the rise and is increasing at a younger age. In
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the United States, more than half of AMN patients are women, with the majority
being white (70% - 74%) [6] [8]. This gender and racial characteristic has re-
mained consistent for a considerable period of time. It is important to note that
this characteristic cannot be simply applied to the country as a whole, given that
the white community in the country is too small to be representative. With re-
gard to the presentation of symptoms at the time of peritoneal involvement, it is
observed that approximately 53.2% of AMN patients present with symptoms at
this stage. Interestingly, the closer to the present, the smaller the proportion of
cases in which the tumour is confined, while the proportion of cases with me-

tastases to the peritoneum or to adjacent organs increases yearly [6].

3. Clinical Manifestations

Patients with AMN have no specific clinical manifestations, which often results
in delayed diagnosis. In the early stages of the disease, there may be no symp-
toms, but increased mucus in the appendiceal lumen may give rise to manifesta-
tions similar to those of an acute appendix, such as metastatic or fixed right
lower abdominal pain. Patients with AMN present with no specific clinical man-
ifestations, which frequently results in delayed diagnosis. In the early stages of
the disease, there may be no symptoms, but increased mucus in the appendiceal
lumen may give rise to manifestations similar to those of an acute appendix,
such as metastatic or fixed right lower abdominal pain. It has been demonstrated
that an excess of mucus can result in the perforation of the appendix, with the
subsequent development of acute peritonitis. Carret [9] ef al. reported that 32%
of patients presenting with appendiceal tumours were diagnosed with acute ap-
pendicitis prior to surgery, with a further 23% being found to have appendiceal
tumours as a result of physical examination or surgery of other organs in the
abdomen. In the absence of timely intervention, mucinous ascites accumulate in
the peritoneal cavity, resulting in a gradual abdominal distension. Additionally,
patients may present with chronic abdominal pain, weight loss, anaemia, fre-
quent umbilical or inguinal hernias, and infertility in female patients of
childbearing age [10]-[12]. Although AMN has the potential to implant into the
peritoneum and omentum and may cause intestinal obstruction, patients pre-
senting with intestinal obstruction as their initial symptom are uncommon [12]

[13]. The initial symptom of AMN is intestinal obstruction.

4. Preoperative Examination

A preoperative examination does not confirm the diagnosis of AMN. Caspi et al.
suggest that the intracapsular “onion skin sign” can be a characteristic feature of
AMN [14]. Sagebiel et al. suggest that calcification of the appendiceal wall could
be considered as evidence of the presence of appendiceal epithelial neoplasia,
especially in well-differentiated AMN [15]. Lien et al It was proposed that an
appendix with an outer diameter of more than 15 mm should be considered as a
potential indicator of AMN [16]. According to Lien ef al, in the case of AMN
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combined with PMP, the sonographic picture shows an indistinct cystic or cyst-
ic-solid mass in the pelvic cavity, which is irregular in shape and often combined
with “jelly-like” ascites [17]. Wang Yumeng and colleagues posit that the ultra-
sonographic impression of uneven internal echogenicity, internal calcification,
invasion of surrounding tissues, and abdominopelvic effusion can be considered
a high-risk indicator of AMN [18]. The computed tomography (CT) manifestation
of adolescent mucinous neoplasm (AMN) is a predominantly multicompart-
mentalised right lower abdominal mass, which may also display a septum.
Low-grade and high-grade mucinous tumours of the appendix are characterised
by a reduction in solid components and a thin, uniform thickening of the cyst wall
and septum. In contrast, mucinous adenocarcinomas of the appendix exhibit an
increase in solid components and an uneven thickening of the cyst wall. En-
hancement scans reveal mild to moderate strengthening of the cyst wall and sep-
tum, with a cystic fluid density of approximately 7-32 HU [19]. When AMN is
combined with PMP, enhanced CT reveals multi-room cystic liquid hypodense
areas within the abdominal cavity. Mild to moderate enhancement of the cystic
wall and septum is observed, while the cystic portion and ascites show no en-
hancement [20]. MRI is more effective at distinguishing the solid components of
the tumour, as well as the internal and external components of the cyst. The cyst,
the root tip, the wall nodule, and so forth, can be evaluated more objectively in
terms of the boundary and integrity of the tumour. However, in the case of small
foci of calcification or the appearance of walled egg-shell-like calcification, the
MRI display is not optimal, and in some instances, the foci of calcification can-
not be displayed [21]. In the case of colonoscopy, the presence of an intralu-
minal bulge at the opening of the appendix should prompt the suspicion of an
appendiceal tumour [22]. Low-grade appendiceal mucinous neoplasm (LAMN)
is characterised by a mucosal appearance that is less aggressive than that of ap-
pendiceal mucinous adenocarcinoma (AMCA). The distinguishing feature of
appendiceal mucinous adenocarcinoma (AMCA) is that it occurs at the appen-
diceal opening. Various biomarkers, including CEA, CA125, CA19-9, etc., can
be employed to ascertain the severity of the disease and the extent of the disease.
CEA, CA125, CA19-9, and other biomarkers can be employed to ascertain the
severity of the disease and to predict the resectability of the tumour [23]. A ret-
rospective analysis of 176 patients with primary appendiceal tumours (including
153 cases of AMN) revealed that the presence of elevated serum CEA and CA125
in patients admitted to hospital was indicative of a high risk of peritoneal metas-
tasis. In cases of inflammatory adhesions or even intestinal obstruction caused
by excessive mucus produced by AMN, the leukocyte count may be elevated as
in ordinary infections. However, such cases occur when there is already a wide-
spread abdominal implantation of the mucus and cancerous cells, requiring sur-
gical intervention, and therefore blood counts may be elevated. However, when
this occurs, the mucus and cancer cells are already widely planted in the ab-
dominal cavity, necessitating surgical intervention. Consequently, blood counts
are of limited value in diagnosing AMN. Nevertheless, some scholars have iden-
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tified potential applications of blood counts in determining the prognosis of
AMN patients. Luo Huan and colleagues observed that in patients with primary
appendiceal tumours, an admission blood routine with anaemia and a plate-
let-to-lymphocyte ratio exceeding 190.1 suggested a poor prognosis. The authors
hypothesised that anaemia caused hypoxia, which in turn favoured tumour pro-
liferation and angiogenesis [24] [25]. The patient’s prognosis may be unfavoura-
ble. Liu Qi [26] ef al. concluded that in patients with a preoperative diagnosis of
appendicitis and postoperative pathology suggestive of an appendiceal tumour,
the admission blood leukocyte count affects the prognosis of the patients, with a
higher value indicating a worse prognosis. The reason for this remains to be in-
vestigated, and the study still uses the old names of AMN, such as mucinous
cystadenoma and mucinous cystadenocarcinoma, etc. It would be more con-
vincing if the pathological diagnosis could be revised. There is no discernible
anomaly in the blood biochemistry of patients with early AMN. However, in the
late stage, the mucus and cancer cells will elevate the serum bilirubin if they are
extensively distributed and obstruct the bile ducts. Nevertheless, at this juncture,
the diagnosis of AMN should not be challenging. Therefore, as in the case of
routine blood tests, blood biochemistry is not a significant factor in the diagnosis
of AMN.

5. Pathologic Staging and Tumour Staging

The current gold standard for confirming AMN is postoperative pathological
diagnosis. The classification and nomenclature of AMN has undergone numer-
ous revisions. The World Health Organization (WHO) classification of appen-
diceal tumours has been updated to the 5th edition, which includes only two
categories of AMN: Low-grade appendiceal mucinous neoplasms (LAMN) and
high-grade appendiceal mucinous neoplasms (HAMN) [27]. Furthermore, the
close relationship between AMN and PMP resulted in the Oncology Group Per-
itoneal Surface International (PSOGI) convening a global assembly in Berlin in
2012 [28]. The meeting was attended by 71 members from 13 different countries,
including 34 pathologists, 37 medical oncologists, and 37 surgeons. A total of 71
scholars reached a consensus on a set of terms and definitions through the Del-
phi Method, which classified AMN as LAMN, HAMN, mucinous adenocarci-
noma (AMCA), and indolent carcinoma (ICC) [29]. In contrast, the Fifth Edi-
tion of the WHO Classification of Tumors of the Digestive System on Tumors of
the Appendix, 2019, excludes mucinous adenocarcinoma and indolent mucinous
adenocarcinoma (HAMN) from its classification. This edition notes that perito-
neal dissemination of mucinous adenocarcinomas and HAMN can occur and
that there is no significance in distinguishing between the two [27]. In light of
the modifications to the nomenclature of appendiceal tumours and their clinical
manifestations, the PSOGI classification has gained greater acceptance. Among
these, LAMN serves as the foundation for the classification. Microscopic features
of LAMN include a low grade of cellular heterogeneity, the disappearance of the

mucosal muscular layer, replacement of the submucosal layer by fibrous tissue,
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the presence of push-like infiltration, the original columnar epithelium becom-
ing flattened and of different heights, incomplete appendiceal structure, and the
presence of cells and/or mucus outside of the appendix. In addition to the
aforementioned characteristics, the microscopic characteristics of HAMN in-
clude a high grade of cellular heterogeneity line. Based on the classification of
ALMN, AMCA has an increased risk of spreading to the peritoneal cavity. The
classification of HAMN has been expanded to include the following ALMN: an
invasive infiltrative pattern, which may or may not contain imprinted cells, and
is changed to imprinted cell carcinoma if more than half of the cells are im-
printed [28]. Should the content of impression cells exceed 50%, it will be trans-
formed into impression cell carcinoma.

The staging of AMN tumours is a matter of ongoing debate within the medi-
cal community. In 2017, the American Joint Committee on Cancer (AJCC)
proposed that carcinoma in situ (pTis) of LAMN is the stage in which the tu-
mour does not breach the lamina propria and there is no pT1 or pT2. When the
tumour breaches the lamina propria and does not extend to the appendiceal
mesentery or plasma membrane, it is classified as pT3. This designation encom-
passes not only the tumour epithelium but also the mucus. pTis is almost un-
likely to recur, and patients with pT3 are at risk of peritoneal metastasis, with no
clear indication of the level of risk. The staging of LAMN with mucus invasion
of the peritoneum must be pT4a, regardless of whether tumour epithelium is
present in the mucus. The risk of peritoneal recurrence is significantly higher in
patients with tumour epithelial components (36%) than in those without epithe-
lium (3%) [30]. The staging should be based on the conclusions reached follow-
ing the removal of the appendix in its entirety. In the event that the surgical
procedure results in the perforation of the appendix with the development of a
tumour, the mucinous component will also be released, leading to an overesti-
mation of the staging. Therefore, it is of paramount importance to maintain the
integrity of the appendiceal tumour throughout the operation. The staging of
carcinoma in situ in HAMN differs from that of LAMN, which is characterised
by a high grade of mucinous epithelium with a “pushed” border. This can infil-
trate the solid muscle when growing in a diverticulum-like pattern. HAMN is
characterised by a high-grade mucinous epithelium with a “pushing” border.
This is staged as T2 if it grows in a diverticulum-like pattern and infiltrates the
solid muscle, and T3 if this mucinous epithelium breaks through the plasma
membrane or invades the appendiceal meninges. In the event that mucus foci
are identified on the peritoneal surface other than the appendix, the tumour is
deemed to have distant metastasis (M). The classification of this distant metasta-
sis is as follows: M 1a if there is no cellular component in the mucus, M1b if there
is a cellular component in the mucus (neoplastic epithelium), and M1lc if the
mucus is implanted in an organ other than the peritoneum.

Furthermore, the AJCC proposes a grading system for AMN, which was ini-
tially proposed by Davison [31] ef al The classification is divided into three
grades based on the presence or absence of invasive infiltration. LAMN is classi-
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fied as highly differentiated (G1) due to the low grade of tumour cytology and
the absence of invasive infiltration. It is also classified as moderately differenti-
ated (G2) due to the high grade of tumour cytology and the presence of invasive
infiltration, but the absence of imprinted cells. The presence of an invasive infil-
trate with an imprinted cell component of more than 95% is designated as poor-
ly differentiated (G3) [32] [33]. Gabriella Esquivel [34] et al analyzed 229 pa-
tients based on the AJCC/TNM 8th edition incorporating G (grade) and E (ex-
tent of disease). The impact of these 5 clinicopathological variables (T, N, M, G,
E) is scored as stages 0 to IV and is reported as the Esquivel Peritoneal Surface
Disease Severity Score (E-PSDSS). Their research shows that the E-PSDSS com-
bines specimen examination and reporting according to the College of American
Pathologists with the pTNM requirements from the AJCC staging manual. It
represents an important prognostic indicator in patients with mucinous appen-

diceal neoplasms.

6. Molecular Mechanisms

The pathogenesis of AMN remains unclear. The presence of mucin not only de-
termines the pathological diagnosis of AMN, but is also closely associated with
PMP. Given the low prevalence of the condition, genetic research for AMN has
not advanced significantly. To date, no genetic loci have been identified that de-
termine the pathogenesis of AMN, and there is no anchor point for targeted
therapy. Mutations in genes such as TP53, KRAS, and GNAS, which are com-
mon in AMN, have been documented in the scientific literature [35]. These mu-
tations are typically observed in LAMN, with HAMN being exceedingly rare,
resulting in a paucity of data. The situation of AMCA, Indian Ring Cell Carci-
noma, is more complex and requires further investigation. However, Singhi [36]
et al. found that GNAS mutation expression was prevalent regardless of AMN
grade after studying 55 cases of AMN. Of the three main types of mutations,
GNAS mutations are thought to be associated with high mucus production [37],
KRAS mutations are often considered to be early tumour events [30] [38] and
TP53 mutations are very common in tumours such as colorectal. On immuno-
histochemistry, it has been demonstrated that CK20 (100% positive) and CK7
(71% positive) staining are similar in AMN and CRC [39] [40]. However, it is
not necessary to assume that the pathogenesis of AMN is the same as that of
CRC. AMN and CRC have significant differences in morbidity and pathologic
diagnosis, and AMN is heterogeneous in the sense that it produces large
amounts of mucus. Finally, the clinical presentation of both tumours is very dif-
ferent. The clinical presentation of AMN is related to the amount of mucus
produced, and the amount of mucus produced is related to the amount of mucus
produced. The quantity of mucus produced is straightforward to combine with
appendicitis, yet difficult to differentiate from it. Right hemicolon carcinoma is
commonly characterised by a right lower abdominal mass and anaemia, while
left hemicolon carcinoma and rectal carcinoma are commonly characterised by

changes in bowel habits and/or traits. A review of the available literature reveals
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a paucity of studies investigating genetic differences between different subgroups
of AMN. In conclusion, the low incidence, lack of progression, and high price
limit the use of genetic analysis in the clinical treatment of AMN.

7. Surgical Decision-Making and Adjuvant Chemotherapy

Given that the incidence of lymph node metastasis in well-differentiated and
limited appendiceal tumours is less than 2%, the majority of clinical surgeons
believe that a simple appendectomy is sufficient to treat these conditions. The
following is an example of a simple appendectomy [4]. In the event that an ap-
pendectomy is performed without prior consideration of the tumour and the
tumour is subsequently confirmed to be present postoperatively, it cannot be
considered to be confined. Consequently, an additional right hemicolectomy is
necessary due to the lack of guarantee that there will be no intraoperative mucus
spillage. In the absence of an appendectomy, particularly in the event of perfora-
tion and implantation, ileoblastectomy and right hemicolectomy should be con-
sidered, with conversion to open surgery. It is noteworthy that AMCA and in-
dolent cell carcinoma exhibit adenocarcinoma characteristics and the possibility
of lymph node metastasis is high, thus necessitating a right hemicolectomy for
both types of AMN upon diagnosis [41]. For AMCA and indolent cell carcino-
ma, there is a possibility of lymph node metastasis. The surgical treatment of
low-grade AMN with peritoneal mucin overflow is still a matter of contention.
AMN-derived PMP mucus secretion is highly active, with a mucin/cell ratio that
can reach 1000:1 [42]. The ratio of mucin to cells can be as high as 1000:1. The
existing literature indicates that the cellular content of the mucus may influence
the prognosis of patients with AMN. It has been demonstrated that in patients
with AMN-derived PMP, those with a cell density of less than 20% exhibited a
greater median overall survival than those with a cell density of 20% or greater.
This suggests that low cell density is associated with a more favourable progno-
sis. Furthermore, the histopathologic type of this type of PMP is also important
in suggesting prognosis. MMR protein deficiency is an independent molecular
prognostic indicator, with the median survival of patients with MMR protein de-
ficiency being shorter than that of those without deficiency [42] [43]. One possi-
ble explanation for this phenomenon is that high cell density indicates a high
proliferative capacity of tumour cells, whereas MMR protein deletion suggests a
strong genetic predisposition. For relatively early lesions with localized spillage
of cellular mucin, combined treatment with cytoreductive surgery (CRS) is rec-
ommended. As the spilled mucin may contain tumour cells, the lesion is likely to
progress to extensive peritoneal cancer (PC) if treated only with appendectomy
or right hemicolectomy. The efficacy of postoperative chemotherapy in AMN is
uncertain, and the most commonly used regimens are XELOX (oxaliplatin +
capecitabine) and FOLFOXG6 (oxaliplatin + fluorouracil) [25].

Given that the diagnosis of AMN cannot be confirmed by all preoperative
tests, surgery is not only the most effective way to confirm the diagnosis of
AMN, but also the most crucial step in the treatment of AMN. The matter of
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surgical decision-making in AMN is still the subject of considerable controversy.
In the event that the conditions of well-differentiated and confined lesions are
met, it has been observed that the probability of appendiceal tumour metastasis
via the lymph node route is less than 2%. Consequently, appendectomy is rec-
ommended at this time [4]. It is important to note that AMN has a 5% to 15%
probability of rupture preoperatively, and the tumour may also rupture during
appendectomy as a result of surgical manipulation. Consequently, the risk of
postoperative PMP remains [44]. In the event of peritoneal implantation having
occurred preoperatively in AMN, it would be beneficial to ascertain whether it is
possible to extend the scope of surgery, such as performing appendectomy and
right hemicolectomy. The answer to this question is not yet definitive, and fur-
ther research is required to the answer to this question is not yet definitive, and
further research is required to gain a more comprehensive understanding. In a
retrospective study of 50 patients with LAMN, Li et al [45] found that 30 pa-
tients underwent appendectomy, 13 underwent cecal resection, and 7 patients
underwent right hemicolectomy. All patients demonstrated no evidence of re-
currence during the four-year follow-up period. In a retrospective study with
both large-scale and multicentre characteristics, Young [46] and several scholars
compared the survival rates of patients with AMN with different surgical modal-
ities. Their findings indicated that the survival rates were similar between the
appendectomy, cecal resection, and right hemicolectomy groups. SA total of 501
patients with primary appendiceal tumours were included in the study. Follow-
ing multivariate analysis, it was found that there was no significant difference in
survival between patients who underwent right hemicolectomy and those who
had an appendicectomy alone. Furthermore, intraoperative rapid cryopathology
was found to be a valuable tool in guiding surgical decision-making. This test
allows for right hemicolectomy to be performed if appendiceal lymph node me-
tastasis, distal ileal lymph node metastasis, distal colonic lymph node metastasis,
and positive tumour margins are detected, while ensuring that there is no resid-
ual tumour. It appears that an appendectomy is a more advisable option than a
right hemicolectomy. However, it will take time for this conclusion to be uni-
versally recognised, particularly internationally. This is due to the low incidence
of AMN and the numerous updates to the pathological diagnostic criteria. Addi-
tionally, the sample size of surgical cases collected over a wide span of time
makes it challenging to correct the diagnosis in retrospect. The Chinese Expert
Consensus on Multidisciplinary Comprehensive Treatment of Appendiceal Tu-
mours (2021 Edition) states that during surgery, medical appendiceal perfora-
tion and tumour implantation should be avoided. If laparoscopic surgery is be-
ing performed, it is recommended that the procedure be intermediate and open.
At this time, simple appendectomy is also not recommended, and right hemi-

colectomy is one of the feasible options [47] [48].

8. AMN-Derived PMP Treatment

For a considerable period, treatments for PMP of AMN origin consisted of re-
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peated drainage of mucus ascites, which undoubtedly made the patients very
miserable. Subsequently, tumour cytoreductive surgery (CRS) was developed on
the basis of right hemicolectomy, but the patients still suffered from recurrences.
In the 1980s, Spratt et al demonstrated that the administration of heated
chemotherapeutic agents into the peritoneal cavity in conjunction with CRS and
continued for a period of time, also known as intraperitoneal chemotherapy, re-
sulted in a reduction in the recurrence of PMPs [39] [49]. In the 1990s, Sugar-
baker, Jacquet et al established the concept of hot intraperitoneal perfusion
chemotherapy (HIPEC) [43] [50] [51]. The objective of intraperitoneal heat in-
fusion chemotherapy is to administer high doses of heated chemotherapy di-
rectly into the abdominal cavity, with minimal systemic effects. Intraperitoneal
heat chemotherapy is typically employed in patients with complete CRS and
minimal or no underlying disease. Once the abdomen has been opened in-
traoperatively, the high-dose chemotherapeutic drugs are heated to approxi-
mately 40°C - 42°C. The abdominal cavity is then filled, the abdominal incision
is left open, or it can be temporarily sutured for the purpose of protecting
healthcare workers. This allows the chemotherapeutic drugs to fully kill residual
cancer cells without leaving any dead space. It has been demonstrated that in
addition to cytotoxicity, the heat effect can also induce the production of heat
shock protein, thereby activating the body’s immune system to actively kill can-
cer cells [52]-[54]. In addition to cytotoxicity, it has been demonstrated that the
heat effect can also induce the production of heat shock proteins and cause the
body’s immune system to actively kill cancer cells. Animal studies have demon-
strated that hyperthermia may enhance the cytotoxicity of chemotherapeutic
drugs [54]. The study demonstrated that hyperthermia may enhance the cyto-
toxicity of chemotherapy drugs. It is crucial to acknowledge that this form of
open HIPEC may result in the generation of aerosols containing chemothera-
peutic drugs, which may potentially induce adverse effects if inhaled by in-
traoperative healthcare workers. Consequently, postoperative closed HIPEC has
also been developed. A retrospective analysis was conducted on 670 patients
with peritoneal cancer who underwent closed HIPEC for a total of 4249 times,
with no deaths during treatment. The incidence of HIPEC-associated adverse
effects, such as treatment failure, intolerable pain, cytotoxic peritoneal inflam-
mation, intestinal obstruction, and intestinal perforation, was less than 3% [55].
This evidence indicates that closed HIPEC is a safer procedure than open in-
traoperative surgery. In the event of peritoneal spread in patients with advanced
malignant peritoneal neoplasm (AMN), complete attenuation of tumour cells is
an important predictor of survival. The degree of postoperative tumour cytore-
duction is determined by the completeness of cytoreduction (CC) scoring
method. The CC scoring system is scored according to the size of the residual
tumour. The CC score is based on the size of the residual tumour, with no peri-
toneal residual tumour scored as 0, residual tumour < 2.5 mm in diameter
scored as 1, 2.5 mm to 2.5 cm in diameter scored as 2, and more than 2.5 cm in
diameter, or the lesion could not be resected scored as 3. Scores of 0 and 1 are
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considered as satisfactory cytoreduction of the tumour. In 1996, Sugarbaker and
Jacquet proposed the peritoneal carcinomatosis index (PCI) as a means of as-
sessing the size and extent of peritoneal implants [56] [57]. The PCI scoring sys-
tem will divide the abdomen into zones 0 to 9 according to the nine-point divi-
sion of the abdomen. The umbilical region will be designated zone 0, with this
zone serving as the central reference point. Zones 1 to 8 will be counted clock-
wise from the right quarter rib region, while zones 9 to 12 will be designated for
the upper jejunum, lower jejunum, upper ileum, and lower ileum. Each partition
included organs within the corresponding region in addition to the peritoneum.
The size of the implant foci was used to assign a score, with no implant foci be-
ing assigned a score of 0, implant foci less than 0.5 cm being assigned a score of
1, more than 5 cm being assigned a score of 3, and between 0.5 cm and 5 cm be-
ing assigned a score of 2. The cumulative total of the scores for each of the 13
zones was assigned a score of PCI. The total score ranged from 0 to 39, with
higher scores indicating a greater tumour load. A PCI score exceeding 20 ren-
ders it exceedingly challenging for the surgeon to achieve a satisfactory CRS
outcome for the patient [58]. Chua Chua [59] ef al retrospectively evaluated
2298 patients with AMN with peritoneal metastases in 16 specialized centers.
Their findings indicated that failure to achieve a satisfactory CRS suggests a poor
prognosis, and patients with a high PCI score also have a poor prognosis. HIPEC
significantly improves progression-free survival (PFS) in patients with AMN, but
is associated with an improvement in overall survival (OS). The use of HIPEC
was found to significantly improve progression-free survival (PFS) in patients
with AMN, although it did not result in an overall survival (OS) benefit.

9. Neoadjuvant and Palliative Chemotherapy

The administration of neoadjuvant chemotherapy for AMN is somewhat com-
plex and requires a delicate balance. Currently, AMN is not a reliable preopera-
tive diagnosis, whereas CRC can be diagnosed by colonoscopy and subsequently
treated with chemotherapy to minimise the size of the cancerous lesion. This
approach is challenging in AMN due to the lack of reliable diagnostic tools. It is
theoretically possible to perform a pathological examination prior to surgery on
patients with AMN, using a biopsy of the rectum. This can be guided by ultra-
sound or CT to ensure accurate placement. However, this has the potential to
cause new problems. In cases of PMP of appendiceal origin, the commonly used
puncture needles may be unable to aspirate the optimal specimen due to exces-
sive mucus. Even if the needle is replaced by a coarser one, the tumour tissue
may be encapsulated by the mucus, which may also be disappointing. Further-
more, wounds created by the coarser needles are more challenging to heal than
those created by the finer needles. In the most extreme cases, fistulas may form
and lead to abdominal infections. Laparotomy also presents a comparable
quandary. Laparoscopic biopsy appears to be a promising option, but if acute
myeloid leukaemia (AML) is highly suspected during the examination, is it ad-
visable to take a biopsy and withdraw from the scope instead of cytoreductive
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surgery (CRS)? To date, no studies have demonstrated that neoadjuvant chemo-
therapy improves overall survival (OS) or progression-free survival (PFS) in pa-
tients with AMN. For patients with AMN who have intraoperatively detected
unresectable tumours or who cannot tolerate CRS, experts suggest that palliative
systemic chemotherapy may still be attempted [60] [61]. For patients with AMN
who have unresectable tumours identified during surgery or who are unable to
tolerate CRS, experts recommend that palliative systemic chemotherapy may still

be attempted.

10. Summary and Outlook

HIPEC represents a complex surgical procedure with a high incidence of mor-
bidity and mortality. In the context of such a lethal disease, the risk is considered
acceptable. A multitude of studies have reported disparate rates of operative and
postoperative complications. In a systematic review on the efficacy of cytoreduc-
tive surgery and perioperative intraperitoneal chemotherapy for PMP, the over-
all morbidity rate was found to vary from 33% to 56%, while the overall mortali-
ty rate ranged from 0% to 18%. The mean hospital stay was found to range from
26 to 29 days, with a median hospital stay of 16 to 21 days.

The prognosis of appendiceal mucinous neoplasms is related to pathological
staging, whether it is confined or not, whether complete tumor cell reduction is
performed or not, whether or not to receive intraperitoneal hyperthermic perfu-
sion chemotherapy after peritoneal invasion, etc. The effect of neoadjuvant
chemotherapy and postoperative chemotherapy is still unsatisfactory, and the
comprehensive treatment plan of CRS+HIPEC for non-confined AMN is still
the mainstream for a short period of time. The outcome of the PMP treatment
process is highly variable. The combined use of CRS and HIPEC is considered
the optimal therapeutic approach for patients with PMP. It is necessary to de-
velop surgical expertise and refine patient selection criteria in order to enhance
the efficacy of the treatment. This can only be achieved through the centralisa-
tion of patients’ treatment in specialised units or centres. Future breakthroughs
in the prevention and diagnosis of this disease will be a clearer understanding of

the pathogenesis, earlier detection means, and so forth.
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