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ORIGINAL RESEARCH

Analysis of Clinical Characteristics of Low-Grade Appendiceal Mucinous
Neoplasm (LAMN): A Retrospective Cohort Study of 51 LAMN Patients

Jianchun Xiao�, Peiheng Li�, and Wei Liu

Department of General Surgery, Peking Union Medical College Hospital, Beijing, China

ABSTRACT
Introduction: Low-grade appendiceal mucinous neoplasm (LAMN) is a rare disorder. There is no
consensus on the prognosis and management of LAMN.
Materials and methods: We reviewed 51 consecutive patients with LAMN from 2013 to 2018. We
divided our patients into two groups. The first is patients with an intact appendix. The second
group comprises patients with the potential to develop a malignant condition. Comparisons of
serum tumor markers between two groups were performed. Survival curves were estimated.
Univariate and multivariate Cox proportional hazards were computed for 46 patients with median
follow-up of 2.7 years.
Results: Comparison of patients in two groups revealed significant differences in the mean level
and abnormal ratio of CA125 (p< 0.001, p< 0.001), CA19-9 (p¼ 0.04, p¼ 0.04), and CEA (p¼ 0.001,
p¼ 0.02). Eight patients had relapsed by the last follow-up in the second group. Patients with nor-
mal CEA had significantly longer disease-free survival (DFS) time than those with abnormal CEA
(p¼ 0.04). CA19-9 exhibited a significant association with DFS (HR ¼ 5.72, p¼ 0.02) in the
Univariate Cox proportional hazards.
Discussion: The prognosis of LAMN is related to serum tumor markers, the surgical procedure
and the pathology.
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Introduction

According to the Peritoneal Surface Oncology Group
International (PSOGI) classification from 2015, epithelial neo-
plasia of the appendix is classified into low-grade appendiceal
mucinous neoplasm, high-grade appendiceal mucinous neo-
plasm, serrated polyp, adenoma, adenocarcinoma, mucinous
adenocarcinoma, and poorly differentiated adenocarcinoma
with signet ring cells [1]. The concept of low-grade appendiceal
mucinous neoplasm (LAMN) is consistent with the recent edi-
tion of the World Health Organization (WHO) classification,
with a benign morphologic appearance and aggressive bio-
logical potential [2]. The appearance of LAMN is commonly an
appendiceal mucocele, which is characterized by the large
amount of mucoid matter in the appendix lumen. The reoccur-
rence of LAMN is very rare with intact removal of a mucocele.
However, the potential to develop a malignant condition is
increased in patients with positive margin; appendiceal rupture;
mucin, cells, or both outside the appendix; or pseudomyxoma
peritonei (PMP) [3–6]. PMP is the most malignant condition
in these situations with a high relapse rate [1]. LAMN is a pre-
cursor lesion for PMP. Appendiceal mucocele might rupture
and disseminate throughout the abdominal cavity spontan-
eously or by accident. [7]. Nevertheless, PMP could only be
diagnosed via the spread of cells and mucin beyond the right

lower quadrant of the abdomen [8]. To perform better surveil-
lance of patients with LAMN with the potential to develop a
malignant condition, many investigations have been per-
formed. Relapse rates are evaluated in patients [3–6]. It also
raises our interest in focusing on these patients. There is no
consensus regarding surgical treatment for LAMN. A single
appendectomy is sufficient for patients with a tumor only in
the appendix [2]. Right-sided hemicolectomy and caecectomy
are recommended by some authors when the tumors extend to
the peri-appendiceal area [6,9]. Right-sided hemicolectomy and
other surgical procedures exhibit no evidence of having a better
prognosis than appendectomy in patients with LAMN [10].
Regarding patients with PMP, cytoreductive surgery (CRS) and
hyperthermic intraperitoneal chemotherapy (HIPEC) are
regarded as standard treatments [11].

The aim of this study is to demonstrate the characteristics
of LAMN and the prognosis of patients with the potential to
develop a malignant condition, including patients with posi-
tive margin; spontaneously appendiceal rupture; mucin, cells,
or both outside the appendix; or PMP.

Materials and methods

The Institutional Review Board (IRB) in our hospital has
reviewed our protocol and has determined that 1) the
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applicant(s) are qualified to conduct the proposed study; 2)
the design of the study is rationale and scientifically sound;
3) human subject protection is adequate. In compliance with
the Declaration of Helsinki, the IRB approve our protocol.
We performed a retrospective observational study with the
51 patients diagnosed with LAMN according to the path-
ology of resected specimens and treated in our hospital,
which are consecutive cases from November 2013 to June
2018. We used SPSS version 22.0 (SPSS, Inc., Chicago, IL,
USA) for statistical analyses.

Study subjects

Patients diagnosed with LAMN according to the PSOGI
classification between November 2013 and June 2018 were
included in this retrospective cohort study. The patients
were diagnosed via histology and immunohistochemistry of
the excised appendix and other organs in the pelvic area
and abdomen after operation performed by an experienced
gastrointestinal pathologist. Demographic data, clinical data,
results of a physical examination, imaging characteristics,
the current status, and relapse rate were assessed for all
patients. Patients with an intact appendix were discovered to
have a macroscopic intact and dilated appendix during lap-
aroscopic exploration, and the appendix was removed and
the margin confirmed to be negative by pathologist. In the
patients with the potential to develop a malignant condition,
appearance of positive margin; appendiceal rupture/perfor-
ation; mucin, cells, or both outside the appendix; or PMP
were confirmed by histology and immunohistochemistry.
These patients underwent appendectomy, appendectomy
and ileocecectomy, or CRS including hysterectomy plus
bilateral salphingo-oophorectomy and omentectomy, accord-
ing to the situation during surgery. In patients confirmed to
have PMP, HIPEC were performed during follow-up.

Serum tumor marker

Serum tumor markers were obtained before surgery. Serum
tumor markers including AFP, CA242, CA72-4, CA15-3,
CA125, CA19-9, and CEA were measured in 41 patients and
were categorized as normal or abnormal (AFP < 20 vs
�20 ng/ml, CA242< 20 vs �20U/ml, CA72-4< 9.8 vs
�9.8U/ml, CA15-3< 25 vs �25U/ml, CA125< 35 vs �35U/
ml, CA19-9< 37 vs �37U/ml, CEA < 5 vs �5ng/ml).
Patients measured with CA125, CA19-9, and CEA were div-
ided into two groups, patients with the potential to develop a
malignant condition and patients with an intact appendix.
Comparisons of patient demographics were performed using
the Mann-Whitney U test and Fisher’s exact test. p< 0.050
was considered statistically significant.

Imaging

Available ultrasound and computed tomography (CT)
images were reviewed by radiologists.

Prognosis

In 18 patients believed to have higher potential to develop a
malignant condition, relapse rates were evaluated. Overall
survival (OS) was defined as the number of years between
the date of diagnosis and the date of death. Patients who
were alive at the last follow-up are censored at the date of
last follow-up. Disease-free survival (DFS) was defined as
the number of years between the date of diagnosis and the
date of disease recurrence or death, whichever occurred first.
Patients who were alive, with or without disease recurrence,
are censored at the date of last follow-up. Survival curves
were estimated using the Kaplan-Meier methods. Univariate
and multivariate Cox proportional hazards were performed
to evaluate the relationship between patient clinical charac-
teristics and DFS. Patient clinical characteristics that were
significant with p< 0.2 in the univariate model were
included in the multivariate. Other clinical characteristics
supposed to be relevant to DFS were also included. Forward
elimination was implemented when all indicators
had p< 0.05.

Results

Clinical characters of the 51 patients

A total of 51 patients (45 women and 6 men) were diag-
nosed with LAMN according to the pathology of the excised
appendix after the surgery, shown in Table 1. Most of the
patients were women (88%). Eighteen patients (35%) were
diagnosed with the potential to develop a malignant condi-
tion based on pathology after operation. Clinical features on

Table 1. Clinical characteristics of 51 LAMN patients.

Clinical characteristics
Number of

patients (percentage)

Gender
Male 6 (12%)
Female 45 (88%)

Clinical presentation
Abdominal pain 16 (31%)
Abdominal distention 11 (22%)
Abdominal mass 8 (16%)
Hematochezia 2 (4%)
Incidental finding 14 (27%)

Physical examination
Tenderness and rebound pain 3 (6%)
Tenderness without rebound pain 4 (8%)

Preoperative diagnosis
Appendiceal mucocele 20 (39%)
Appendicitis 3 (6%)
Adnexal mass 9 (18%)
Undefined mass in pelvic area 9 (18%)
Ovarian cancer with metastasis 10 (20%)

Surgical procedure
Appendectomy 15 (29%)
Right hemicolectomy 1 (2%)
Appendectomy and ileocecoectomy 23 (45%)
CRS involving hysterectomy plus bilateral
salphingo-oophorectomy, mentectomy

12 (24%)

Potential to develop a malignant condition
Yes 18 (35%)
No 33 (65%)

Recurrence
Yes 8 (16%)
No 43 (84%)
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presentation included abdominal pain (16,31%), abdominal
mass (8,16%), haematochezia (2,4%), and abdominal disten-
tion (11,22%). Fourteen patients (27%) exhibited no clinical
presentation. The physical examinations revealed tenderness
and rebound pain similar to acute appendicitis (3,6%) and
tenderness pain without rebound pain (4,8%). Eight patients
(16%) exhibited recurrence, all of which were patients with
the potential to develop a malignant condition. Twenty
patients (39%) were diagnosed with appendiceal mucocele
before operation. Three patients (6%) were diagnosed with
appendicitis before operation and were discovered with an
intact and dilated appendix during operation. As for 18
patients (36%) diagnosed with adnexal mass or undefined
mass in pelvic area before operation, 17 patients were dis-
covered with dilated appendix (12 macroscopic intact; 5 not
intact) instead of adnexal mass during operation. One
patient was discovered with a mass on left ovary during
operation. The mass was resected, which was suspected to
be mucinous tumor originated from appendix by intraopera-
tive frozen pathology. CRS involving hysterectomy plus
bilateral salphingo-oophorectomy, mentectomy was then
performed. As for 10 patients (20%) diagnosed with ovarian
cancer with metastasis before operation, 4 patients were dis-
covered with perforated appendix and adnexal mass. These
4 patients were suspected to have appendiceal mucinous
tumor by intraoperative frozen pathology during operation
based on the removed appendix. The other 6 patients’ intra-
operative frozen pathology were based on removed adnexal
mass (no appendix involved). Two of the six patients were
suspected to have muscinous tumors originated from appen-
dix. Four of the six patients were suspected to have musci-
nous tumors with unknown origin. CRS involving
hysterectomy plus bilateral salphingo-oophorectomy, men-
tectomy was then performed in the 10 patients diagnosed
with ovarian cancer with metastasis before operation. In
total, 15 patients (29%) underwent a single appendectomy
and did not experience recurrence. One patient (2%)

underwent right hemicolectomy and 23 (45%) patients
underwent appendectomy and ileocecoectomy without
recurrence. Twelve patients (24%) underwent CRS.

Clinical characteristics of the patients with an intact
appendix and the patients with the potential to develop a
malignant condition were summarized in Table 2. In 33
patients with an intact appendix, 1 patient (3%) underwent
right hemicolectomy. Fourteen patients (42%) underwent
appendectomy and 18 patients (55%) underwent appendec-
tomy and ileoceoectomy. There was no additional treatment
after surgery. CT and serum tumor marker were performed
every 6months. Until recent follow-up, all 33 patients
(100%) were alive with no diseases.

As for 18 patients with the potential to develop a malignant
condition, In accordance with the pathology of the resected
organs, collected mucin and cells in peritoneal cavity, 3
patients (17%) were diagnosed with mucin, cells, or both out-
side the appendix, with no extension beyond right lower
quadrant. Two of these three patients underwent CRS involv-
ing hysterectomy plus bilateral salphingo-oophorectomy, men-
tectomy. One of these three patients underwent appendectomy
and ileocecoectomy. There was no additional treatment for all
3 patients after surgery and they were alive with no disease
until recent follow-up. Four patients (22%) were diagnosed
with appendiceal rupture or perforation. One of these four
patients underwent appendectomy. Three of these four
patients underwent appendectomy and ileocecoectomy. There
was no additional treatment for 4 patients after surgery and
they were alive with no disease until recent follow-up. One
patient (7%) was diagnosed with positive margin.
Appendectomy and ileocecoectomy was performed. The
patient received no additional treatment and was alive with no
disease until recent follow-up. Ten patients (55.6%) were diag-
nosed with PMP. All 10 patients underwent CRS involving
hysterectomy plus bilateral salphingo-oophorectomy, mentec-
tomy. All 10 patients received HIPEC after surgery. Until
recent follow-up, 6 patients were alive with disease. One

Table 2. Clinical characteristics of patients with an intact appendix and patients with the potential to develop a malignant condition.

Pathology Number of patients Surgical procedure
Number of
patients

Additional treatment
after surgery Current status

Number
of patients

Patients with an intact appendix (n¼ 33)
Intact appendix Appendectomy 14 none Alive with no disease

Appendectomy and
ileocecoectomy

18

Right
hemicolectomy

1

Patients with the potential to develop a malignant condition (n¼ 18)
Mucin, cells, or both
outside
the appendix

3 CRS involving
hysterectomy
plus bilateral
salphingo-
oophorectomy,
mentectomy

2 none Alive with no disease

Appendectomy and
ileocecoectomy

1

Appendiceal
rupture/perforation

4 appendectomy 1 none Alive with no disease
Appendectomy and

ileocecoectomy
3

Positive margin 1 Appendectomy and ileocecoectomy none Alive with no disease
PMP 10 CRS involving hysterectomy plus bilateral

salphingo-oophorectomy, mentectomy
HIPEC Alive with disease 6

death 1
unknown 1

Alive with no disease 2
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patient was dead. Contact was lost with 1 patient, but the
patient was confirmed to have experienced recurrence 1 year
after surgery. Two patients were alive with no diseases.

Serum tumor marker

The comparison of patients with the potential to develop a
malignant condition and patients with an intact appendix is
shown in Table 3. The mean serum CA125 level of 14
patients found to have the potential to develop a malignant
condition is greater than that of 17 patients observed to
have an intact appendix, 90.7 (66.3–115.1U/ml) versus 12.2
(10.7–13.8U/ml) (p< 0.001). The ratio of abnormal levels of
CA125 in patients found to have the potential to develop a
malignant condition is also greater than that of patients
observed to have an intact appendix, 86% versus 0%
(p< 0.001). The mean serum CA19-9 level of 15 patients
found to have the potential to develop a malignant condi-
tion is greater than that of 23 patients observed to have an
intact appendix, 59.0 (33.2–84.9U/ml) versus 16.6
(12.3–20.8U/ml) (p¼ 0.04). The ratio of abnormal levels of
CA19-9 in patients found to have the potential to develop a
malignant condition is also greater than that of patients
observed to have an intact appendix, 40% versus 9%
(p¼ 0.04). The mean serum CEA level of 14 patients found
with the potential to develop a malignant condition is
greater than that of 22 patients observed to have an intact
appendix, 59.0 (43.2–74.8 ng/ml) versus 4.8 (3.4–6.1 ng/ml)
(p¼ 0.001). The ratio of abnormal levels of CEA in patients
found to have the potential to develop a malignant condi-
tion is also greater than that of patients observed with an
intact appendix, 64% versus 23% (p¼ 0.02).

Imaging

Ultrasound imaging was available for 34 patients. Two of 34
(6%) patients had been diagnosed with appendiceal muco-
cele before surgery. Twelve of 34 (35%) patients were con-
sidered to have an adnexal mass before surgery. More
intriguingly, 4 of these 12 patients were found to exhibit
mucin, cells or both outside appendix; or a ruptured appen-
dix after surgery, whereas 8 of these 12 patients were con-
firmed to have an intact appendix. The rest of the 20
patients (59%) were observed to have masses in the right
lower abdomen, pelvic cavity, right iliac fossa, or close to
the uterus.

CT imaging was available for 29 patients. Twelve of 29
(41%) patients had been diagnosed with appendiceal

mucocele before surgery. Four of 29 patients (14%) were
considered to have an adnexal mass before surgery. All of
these 4 patients were confirmed to exhibit mucin, cells or
both outside appendix. The rest of the 13 patients (45%)
were observed to have masses in the right lower abdomen,
pelvic cavity, right iliac fossa, or close to cecum.

Prognosis

There was no occurrence of relapse or death in patients
with an intact appendix. Eight of 18 (44%) patients with
potential to develop a malignant condition relapsed by the
last follow-up. One (6%) patient died. Contact was lost with
1 (6%) by the last follow-up, but the patient was confirmed
to have experienced recurrence 1 year after surgery. Serum
CA125 is available for 14 patients. CA19-9 is available for
15 patients. CEA is available for 14 patients. The relapse
rate of patients with abnormal serum CA125 is greater than
that of patients with normal serum CA125 (67% versus 0%
(p¼ 0.165)). The relapse rate of patients with abnormal
serum CA19-9 is greater than that of patients with normal
serum CA19-9 (67% versus 33% (p¼ 0.315)). The relapse
rate of patients with abnormal serum CEA is significantly
greater than that of patients with normal serum CEA (67%
versus 0% (p¼ 0.03)).

The Kaplan-Meier estimates of OS and DFS are shown in
Figure 1. The median follow-up time of 18 patients with the
potential to develop a malignant condition was 2.9 years (SE
¼ 1.2 years). The median DFS time was 3.4 years (SE ¼
0.4 years). The median overall survival time was 4.8 years
(SE ¼ 0.2 years). The median DFS time of patients with
abnormal CA125 was 2 years (SE ¼ 0.3), whereas there was
no recurrence in patients with normal CA125. The median
DFS time of patients with abnormal CA19-9 is 2 years (SE
¼ 0.3), whereas the median DFS time of patients with nor-
mal CA19-9 is 3.8 years (SE ¼ 0.6). The median DFS time
of patients with abnormal CEA is 2 years (SE ¼ 0.4),
whereas there was no recurrence in patients with normal
CEA. The median DFS time of patients with normal CEA
was significantly longer than patients with abnormal
CEA (p¼ 0.04).

There was no recurrence in patients with no potential to
develop a malignant condition. Five patients underwent a
surgery within one year, and no recurrence was reported.
The univariate Cox proportional hazards model for DFS of
the remaining 46 patients with median follow-up of 2.7 years
is reported in Table 4. CA19-9 was the only indicator that
exhibits a significant association with DFS (HR ¼ 5.72,
p¼ 0.02). The multivariate Cox proportional model exhibits

Table 3. Comparison of serum tumor marker levels between patients with the potential to develop a malignant condition and patients with an intact appendix.

Serum tumor marker Potential to develop a malignant condition(Mean± SEM) Intact appendix (Mean ± SEM) Significance

CA125 90.7 ± 24.4 12.2 ± 1.6 p< 0.001���
CA19-9 59.0 ± 25.9 16.6 ± 4.2 p¼ 0.04�
CEA 59.0 ± 15.8 4.8 ± 1.3 p¼ 0.001��
Serum tumor marker Potential to develop a malignant condition Intact appendix (ratio of abnormal) Significance
CA125 86% (n¼ 14) 0 (n¼ 17) p< 0.001���
CA19-9 40% (n¼ 15) 9% (n¼ 23) p¼ 0.04�
CEA 64% (n¼ 14) 23% (n¼ 22) p¼ 0.02�
SEM, standard error of the mean.
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no significance. All of the 8 patients with recurrence were
diagnosed with PMP, abnormal CA125 and CEA. All 8
patients underwent cytoreductive procedure including hys-
terectomy plus bilateral salphingo-oophorectomy, ileocecoec-
tomy, omentectomy, and HIPEC in the later follow-up.

Discussion

Most of patients in our study were women (88%), which is
consistent with the results of former study that appendiceal
mucocele was observed predominantly in women, with a
female-to-male ratio of 4/1 [12]. We also discovered that
27% of patients exhibited no clinical presentation before sur-
gery. In these patients with no clinical presentation, LAMN
was accidently discovered via transvaginal ultrasound during
annual routine medical examination, which is performed
exclusively on women. We think that this routine examin-
ation might cause the extremely high ratio of female patients
in our study. Although it is reported that half of the patients
are asymptomatic [12,13], our study reveals that clinical fea-
tures on presentation included abdominal pain, abdominal
distention, abdominal mass and hematochezia. A number of
Appendiceal mucocele patients were misdiagnosed as acute

appendicitis [14,15]. However, only 3 of 51 patients in our
study was found to have tenderness and rebound pain typ-
ical of acute appendicitis.

The preoperative diagnosis of LAMN is challenging.
Appendiceal mucocele was only diagnosed in 39% patients
in our study. It is difficult to distinguish appendiceal mucin-
ous tumors from ovarian tumors because of the close loca-
tion, the nonspecific serum tumor markers, and the fact that
appendiceal mucinous tumors always metastasize to ovaries
mimicking ovarian tumors, which is consistent with a recent
study [16]. Besides, ovarian tumors are more common than
appendiceal mucinous tumors, increasing the challenge of
diagnosing LAMN. Even though the preoperative diagnosis
of LAMN is hard, the laparoscopic exploration of appendix
and intraoperative frozen pathology of appendix during
operation could discover the pathologic changes of appendix
in most cases. In cases when appendix was not removed for
intraoperative frozen pathology, the correct diagnosis during
operation is affected. In our study, 2 of 6 patients were sus-
pected to have mucinous tumors originated from appendix,
while 4 of 6 patients were suspected to have mucinous
tumors with unknown origin. In both situations, CRS should
be performed to avoid the worst scenario (PMP) [17].

Figure 1. OS and DFS of patients with metastasis to other organs or a ruptured appendix.
OS, overall survival; DFS, disease free survival. The Kaplan-Meier estimates of OS and DFS are shown in a and b. The Kaplan-Meier estimates of DFS by CA125, CA19-
9 and CEA level are given in c, d and e.
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Additional treatment involving HIEPC should be applied
when patients are diagnosed with PMP after operation.

Serum tumor markers including CA125, CA19-9 and
CEA have been reported to have diagnostic and prognostic
value for patients with mucinous neoplasms [12,18]. In our
study, serum tumor markers were obtained before surgery.
We compared the serum tumor markers of patients with the
potential to develop a malignant condition with those of
patients confirmed to have an intact appendix. The mean
serum levels of CA125, CA19-9, and CEA are significantly
higher in patients with the potential to develop a malignant
condition. Some of the patients confirmed to have PMP by
pathology had extremely high levels of serum tumor
markers. To exclude the excursion, we compared the abnor-
mal ratio between two groups, which was also significantly
different. We believe that ruptured appendix; mucin, cells,
or both outside the appendix; positive margin; or PMP lead
to increased serum tumor markers, which are also closely
related to prognosis.

The typical appearance of appendiceal mucocele in ultra-
sound images is that of an “onion skin” [19]. Visualization
of the appendix revealing the diameter of the appendix
exceeding 15mm are considered to be a specific appendiceal
mucocele index [20,21]. In CT, a well-capsulated cystic for-
mation with calcificates in the wall is visualized [22,23].
Another indicator is the presence of appendiceal lumen
exceeding 13mm [24]. In our study, CT exhibited a higher
accuracy of diagnosing patients with masses in the appendix
before surgery than ultrasound. Appendiceal mucocele is
always misdiagnosed with adnexal mass by imaging [25,26].
Eight of 12 patients considered as having an adnexal mass
when diagnosed via ultrasound before surgery were con-
firmed to have an intact appendix with no mucins or cells
in the pelvic cavity and no metastasis to adnexal mass.
Meanwhile, all patients considered to have an adnexal mass
according to the CT imaging were confirmed to exhibit
metastasis to adnexal mass after surgery. CT seems to be a
better method to avoid misdiagnosis of adnexal mass com-
pared with ultrasound.

In 18 patients diagnosed with the potential to develop a
malignant condition, patients with abnormal levels of serum
CA125, CA19-9 or CEA had a higher relapse rate compared
to those with normal levels of serum CA125, CA19-9 or
CEA. The difference in relapse rate is only significant when
comparing patients with normal serum CEA and patients
with abnormal serum CEA, probably due to the small sam-
ple. The Kaplan-Meier estimates of DFS indicated that
patients with normal CEA had significantly longer DFS time
compared to those with abnormal CEA. There was no

significant difference in DFS time comparing patients with
abnormal and normal CA19-9 or CA125, but patients with
normal CA19-9 or CA125 showed longer DFS time.

The univariate Cox proportional hazards model for DFS
of 46 patients with a median follow-up of 2.7 years revealed
that CA19-9 was the only indicator exhibiting a significant
association with DFS (HR ¼ 5.72, p¼ 0.02). Moreover, all
patients with recurrence had abnormal serum level of
CA125 and CEA. It is believed that LAMN patients with
positive margin; appendiceal rupture/perforation; or mucin,
cells, or both outside the appendix might develop a malig-
nant condition. All 8 patients with recurrence were diag-
nosed with PMP instead of the situation listed above.
Fifteen patients that underwent a single appendectomy did
not experience recurrence. Even though 1 of 15 patients was
believed to present appendix perforation/rupture, single
appendectomies are mostly performed on patients with no
potential to develop a malignant condition in our study,
which is believed to have a better prognosis. We cannot
conclude that single appendectomy can reduce the risk of
relapse, but single appendectomy is probably sufficient when
treating patients with an intact appendix. No additional
treatment is required for patients without PMP if the correct
surgical procedure is selected and well performed. As a
result, we believe that CA125, CA19-9, and CEA are good
indicators for patients’ prognosis. LAMN patients with posi-
tive margin; appendiceal rupture/perforation; or mucin, cells,
or both outside the appendix are less likely to result in a
malignant condition compared to PMP. We cannot decide
whether single appendectomy is sufficient for patients with
an intact appendix, but CRS and HIPEC must be performed
on PMP patients to reduce the relapse rate.

In this study, only 51 LAMN patients from a single cen-
ter were retrospectively included. More studies are needed
to obtain a better understanding of the pathophysiology
of LAMN.

Conclusion

In summary, we reviewed the clinical data of 51 LAMN
patients treated in our hospital. To avoid misdiagnosis and
obtain a better understanding of the prognosis, serum tumor
marker, especially CA125, CA19-9 and CEA, must be tested
before surgery. Moreover, CT is a better imaging approach
for diagnosis than ultrasound. Furthermore, baseline CA125,
CA19-9, and CEA are important prognostic factors to pre-
dict patients’ prognosis. Our study provides a better perspec-
tive regarding diagnosing LAMN and avoiding its relapse.

Table 4. Univariate Cox proportional hazards model for the DFS of 46 patients.

Clinical characteristics HR 95% CI p

CA125 Abnormal versus normal 90.42 0.21, 29581 0.13
CA19-9 Abnormal versus normal 5.72 1.28, 25.55 0.02�
CEA Abnormal versus normal 100.76 0.12, 87996 0.18
PMP with versus without 977.93 0.02, 63910707 0.22
Age 0.97 0.92, 1.02 0.26
Appendectomy Other surgical procedure versus single appendectomy 0.03 0.00, 14.94 0.26

DFS, disease free survival.
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