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Abstract

Background
To describe the preoperative nutritional status of Low-grade Appendiceal Mucinous Neoplasms (LAMNs)
and identify prognostic factors for survival.

Methods
Medical records from 165 patients with LAMNs who attended the Aerospace Center Hospital, Beijing,
China between January 2017, and December 2018 were retrospectively reviewed. Survival analysis was
performed with the Kaplan-Meier method, the log-rank test, and a Cox proportional hazards model.

Results
Among 165 patients, 59 (36%) were male and 106 (64%) were female. Patient’s median age was 58 years
(range, 20 to 78 years). Univariate analysis indicated that gender, weight loss, prior surgical score (PSS),
red blood cell, albumin, peritoneal cancer index (PCI), completeness of cytoreduction (CCR), and
hyperthermic intraperitoneal chemotherapy (HIPEC) were related to prognosis. Multivariate analysis
showed that PSS, CCR and HIPEC were independent predictors of prognosis.

Conclusions
The preoperative nutritional status of patients plays an important role in predicting prognosis. Patients
can bene�t from a complete cytoreductive surgery (CCRS) and HIPEC in an experienced institution for the
�rst medical treatment.

Introduction
Pseudomyxoma peritonei (PMP) is a rare malignant neoplasm, which is characterized by mucinous
masses and or ascites in the abdominal cavity. It is usually a primary mucinous neoplasm originating
from the appendix [1]. In 1842, Karl F. Rokitansky �rst reported mucocele of appendix [2]. The
combination of cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) has
been regarded as standard of care for PMP [3]. The clinical manifestations of most patients are anorexia
and weight loss. There are few and unsystematic reports on whether the preoperative nutritional status
can predict the prognosis. Based on this, our study retrospectively analyzed the clinical data to �nd the
prognostic factors, so as to solve the problems concerned by patients and provide basis for clinical
treatment.

Patients And Methods
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Ethical approval of the study
The Ethics Committee of the Aerospace Center Hospital, Beijing, China (No. 20161109-ST-07) approved
this study. All methods were performed in accordance with the relevant guidelines and regulations.
Informed consent was obtained from all participants and/or their legal guardians in this study. The
research has been performed in accordance with the Declaration of Helsinki.

Patients
Medical records from a database of patients with PMP who attended the Aerospace Center Hospital,
Beijing, China between January 2017 and December 2018 were retrospectively reviewed. Inclusion criteria
were: (1) diagnosis of Low-grade Appendiceal Mucinous Neoplasms (LAMNs) on histology and
histopathologic subtype con�rmed by two experienced pathologists; and (2) treatment with CRS and
HIPEC. Exclusion criteria were: (1) PMP derived from other organs or other pathological types; (2) loss to
follow-up; (3) incomplete medical records; or (4) history of other severe organic disease. A total of 165
patients were included in the �nal analysis.

Surgery treatment
Patients underwent CRS to remove visible tumors if any [4]. HIPEC was conducted in patients for 60 min
using a closed-abdomen technique with cisplatin 60~80 mg and an extracorporeal device that
maintained intraabdominal temperature between 40 and 42°C.

Study parameters
The analysis included the following clinicopathological parameters: gender, age, intestinal obstruction,
weight loss, prior surgical score (PSS), red blood cell (RBC), hemoglobin (Hb), albumin (ALB),
hospitalization, right hemicolectomy, intraoperative peritoneal cancer index (PCI), completeness of
cytoreduction (CCR), operation time, blood loss volume, intraoperative RBC transfusion volume,
intraoperative plasma transfusion volume, intraoperative HIPEC, and follow-up time.

Among these characteristics, PSS was scored on a scale from 0 to 3, where PSS-0 was no surgery or
biopsy had been performed for cancer, PSS-1 was surgery had been performed in one abdominal region,
PSS-2 was surgery had been performed in two to �ve regions, and PSS-3 was surgery had been
performed in >5 regions [5]. The PCI was determined intraoperatively where neoplasm volume and extent
of peritoneal dissemination in each of 13 abdominopelvic regions (nine anatomical regions in the
abdomen and four segments in the small bowel) were scored on a scale from 0 to 3 and summed [4].
Residual disease following CRS was scored according to the CCR on a scale from 0 to 3, where CCR-0
was no macroscopic residual cancer remained, CCR-1 was residual neoplasm nodules < 2.5 mm
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remained, CCR-2 was nodules between 2.5 mm and 2.5 cm remained, and CCR-3 was persistent
neoplasm nodules > 2.5 cm remained [6]. Overall survival (OS) was calculated from the date of �rst CRS
and HIPEC to the time of death or the last follow-up.

Follow-up
The patients were reexamined every 6 months, including abdominopelvic enhanced CT and tumor
markers. The follow-up method was telephone and or reexamine. The follow-up time was from the date
of �rst surgical diagnosis to June 2020, and OS was counted. All patients were followed up.

Statistical analysis
Statistical analyses were conducted using SPSS version 20 (SPSS, Chicago, Illinois, USA). Continuous
data are presented as medians and range. Categorical data are presented as number and percentages.
Univariate survival analysis was performed with the Kaplan-Meier method and the log-rank test.
Statistically signi�cant variables were included in a multivariate analysis, which used a Cox proportional
hazards model to identify independent prognostic factors for survival. All live patients were censored. P <
0.05 was considered statistically signi�cant.

Results

Clinical data characteristics
From January 2017 to December 2018, 235 patients had appendix derived mucinous neoplasms
underwent CRS and HIPEC. A total of 165 patients with LAMNs had CRS and HIPEC. All patients were
followed up and the clinical data were complete.

Demographic and clinical characteristics of the 165 included patients are presented in Table 1. Among
165 patients, 59 (36%) were male and 106 (64%) were female. Patient’s median age was 58 years (range,
20 to 78 years). Twenty-seven (16%) patients had preoperative intestinal obstruction and 64 (39%)
patients had weight loss before operation. The patients with PSS scores of 0, 1, 2 and 3 were 40 (24%),
40 (24%), 45 (28%) and 40 (24%) respectively. Preoperative erythrocyte abnormalities, anemia, albumin
decreased in 77 (47%), 66 (40%) and 60 (36%) patients, respectively.

Intraoperative PCI was <20 and ≥20 in 28 (17%) and 137 (83%) patients, respectively. CCR score was 0/1
and 2/3 in 50 (30%) and 115 (70%) patients, respectively. Operation time was <420min and ≥420min in
23 (14%) and 142 (86%) patients, respectively. Blood loss volume was <1000ml and ≥1000ml in 29
(18%) and 136 (82%) patients, respectively. Intraoperative RBC transfusion volume was <4U and ≥4U in
62 (38%) and 103 (62%) patients, respectively. Intraoperative plasma transfusion volume was <400ml
and ≥400ml in 51 (31%) and 114 (69%) patients, respectively. The patients with right hemicolectomy,
hospital stay ≥ 30 days and HIPEC were 120 (73%), 38 (23%) and 138 (84%) respectively. All these
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factors were analyzed by univariate analysis, and the statistically signi�cant results were analyzed by
multivariate analysis.

Prognostic factors analysis
Prognostic factors for OS on univariate analysis are presented in Table 1. There are eight factors related
to prognosis among the seventeen research factors, namely gender (male vs. female, P=0.015), weight
loss (yes vs. no, P=0.007), PSS (0, 1, 2, 3, P=0.001), RBC (normal vs. abnormal, P=0.016), ALB (<35 vs. ≥
35, P=0.001), PCI (<20 vs. ≥20, P=0.004), CCR (0/1 vs. 2/3, P=0.001), and HIPEC (yes vs. no, P=0.000). All
factors were prognostic for OS by the log rank test in patients with LAMNs (Fig. 1). Multivariate analysis
showed that PSS, CCR and HIPEC were independent predictors of prognosis (Table 2).

Table 1 Patients’ clinical and data and univariate analysis results (n = 165)
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Characteristics No. of Patients P value
Gender   0.015*

Male 59 (36%)  
Female 106 (64%)  

Age   0.730
Median (range) 58 (20-78)  

<50 38 (23%)  
≥50 127 (77%)  

Intestinal obstruction   0.111
Yes 27 (16%)  
No 138 (84%)  

Weight loss   0.007*
Yes 64 (39%)  
No 101 (61%)  

PSS   0.001*
0 40 (24%)  
1 40 (24%)  
2 45 (28%)  
3 40 (24%)  

RBC   0.016*
Normal 88 (53%)  
Abnormal 77 (47%)  

Hb (g/L)   0.497
<110 66 (40%)  
≥110 99 (60%)  

ALB (g/L)   0.001*
<35 60 (36%)  
≥35 105 (64%)  

Hospitalization (days)   0.645
Median (range) 26 (16-47)  

<30 127 (77%)  
≥30 38 (23%)  

Right hemicolectomy   0.324
Yes 120 (73%)  
No 45 (27%)  

PCI   0.004*
Median (range) 32 (0-39)  

<20 28 (17%)  
≥20 137 (83%)  

(Continued)
 
Table 1 Continued
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Characteristics No. of Patients P value
CCR   0.001*

0-1 50 (30%)  
2-3 115 (70%)  

Operation time (min)   0.406
<420 23 (14%)  
≥420 142 (86%)  

Blood loss volume (ml)   0.135
Median (range) 1500 (100-7000)  

<1000 29 (18%)  
≥1000 136 (82%)  

Intraoperative RBC transfusion volume (U)   0.359
Median (range) 4 (0-22)  

<4 62 (38%)  
≥4 103 (62%)  

Intraoperative plasma transfusion volume (ml)   0.607
Median (range) 400 (0-2200)  

<400 51 (31%)  
≥400 114 (69%)  

HIPEC   0.000*
Yes 138 (84%)  
No 27 (16%)  

PSS, prior surgical score; RBC, red blood cell; Hb, hemoglobin; ALB, Albumin; PCI,
peritoneal cancer index; CCR, completeness of cytoreduction; HIPEC, hyperthermic
intraperitoneal chemotherapy

Table 2 Multivariate analysis for statistically significant results (n = 165)
  B SE Wald df Sig. Exp(B) 95.0% CI for Exp(B)

Bottom Upper
PSS -.422 .148 8.083 1 .004 .656 .490 .877

HIPEC .952 .277 11.782 1 .001 2.591 1.504 4.463

CCR 1.080 .278 15.102 1 .000 2.945 1.708 5.078

PSS, prior surgical score; CCR, completeness of cytoreduction

Discussion
In 2016, the Peritoneal Surface Oncology Group International (PSOGI) classi�ed appendiceal mucinous
neoplasms into four categories: low-grade appendiceal mucinous neoplasms (LAMNs), high-grade
appendiceal mucinous neoplasms (HAMNs), Mucinous adenocarcinoma (MAC) and mucinous
adenocarcinoma with signet ring cells (MAC-S) [7]. Their de�nition on appendiceal mucinous epithelia are
regarded as a milestone [8]. All patients included in this study were pathologically con�rmed as low-grade
mucinous neoplasms of appendiceal origin. In order to avoid the possible outcome bias caused by
pathological types, this study only analyzed the characteristics of patients with the most common
LAMNs.
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This study described the perioperative risk factors affecting the prognosis of LAMNs and identi�ed the
independent predictors of OS. From January 2017 to December 2018, 235 patients with appendiceal
mucinous neoplasms underwent surgery in Aerospace Center Hospital, Beijing, China. PMP is a clinical
syndrome characterized by "jelly like" neoplasms formed by mucinous neoplasms implanted on the
surface of surrounding organs. PMP mainly originates from the appendix, which is consistent with other
studies [9]. Our study was designed according to different pathological types, of which 165 patients were
included in our analysis.

Our center is one of the major centers for the treatment of pseudomyxoma peritonei in China. Due to
China's large population base, the number of people suffering from this disease is relatively large. But
many patients do not have their �rst operation in our center when they are diagnosed. The most patients
had a large neoplasm load and were located in the middle or late stage of the disease when sought
medical advice. The median PCI score was 32 (range, 0 to 39) which was the reason for the low radical
rate, and the complete CRS was maintained at about 30%. Although univariate analysis showed that PCI
could predict prognosis, it was not an independent predictor of OS after CRS and HIPEC. On the contrary,
CCR can be used as an independent predictor of OS after CRS and HIPEC, suggesting that patients will
bene�t from reaching CCR 0-1. However, whether the right hemicolectomy was removed or not, operation
time, blood loss volume, intraoperative RBC infusion volume or plasma volume and length of hospital
stay could not predict postoperative survival. Despite this, we recommend that a de�nitive follow-up
schedule be formulated after CRS and HIPEC to detect recurrence and plan subsequent treatment.

We scored the prior surgical outcomes with PSS for each patient; PSS-0 was the rating for no surgery or
biopsy, PSS-1 for surgery in one abdominal region only, PSS-2 for surgery in two to �ve regions, and PSS-
3 for surgery in more than �ve regions [10]. A recent report showed that the univariate analysis of poor
prognosis in patients with peritoneal pseudomyxoma after neoplasm reduction included women
(P=0.0127), intestinal obstruction before treatment (P=0.00791) and PSS (P=0.0054). There was also a
signi�cant difference in PSS in multivariate analysis (P=0.0041) [11]. Our results suggested that male
postoperative survival was worse, but it was not an independent factor for the prognosis. We have not
con�rmed that intestinal obstruction before surgery was related to postoperative survival, which may be
relevant to most of the selected cases were incomplete intestinal obstruction. Our results also showed
that PSS can be used as an independent predictor of OS after CRS and HIPEC, suggesting that the more
times of operations, the poorer prognosis. On the contrary, patients can bene�t from the �rst diagnosis
and treatment to an experienced institution to complete the maximum degree of neoplasm reduction
surgery.

We creatively studied the general indicators of preoperative nutritional status, including weight loss,
erythrocyte count, anemia and ALB, and analyzed the relationship between them and postoperative
survival. Univariate analysis showed that weight loss, RBC count decrease and ALB decrease were related
to poor postoperative survival, but they were not independent predictors, indicating that the general state
of patients before operation was closely related to the prognosis. Anemia had nothing to do with
postoperative survival, which may be related to our su�cient blood transfusion, and it also showed that
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RBC can better predict postoperative survival than hemoglobin. A study of modi�ed Glasgow Prognostic
Score (mGPS) predicting survival after complete CRS and HIPEC in patients with appendiceal peritoneal
pseudomyxoma. The mGPS for each patient was calculated using the C-reactive protein (CRP) and
albumin levels [12]. The mGPS system consists of 3 scores (0, 1, 2); patients without elevation of CRP
(≤10 mg/L) are classi�ed as mGPS-0 regardless of their albumin level. Patients with elevated CRP levels
>10 mg/L and normal albumin are classi�ed as mGPS-1, and patients with elevated CRP and
hypoalbuminaemia (<35g/L), are classi�ed as mGPS-2 [13]. The results showed that the long-term
survival rate decreased along with the increase of mGPS [14]. This also indirectly re�ects the value of
albumin in predicting postoperative survival of patients with PMP.

The combination of CRS and HIPEC is recognized as the gold standard treatment for appendix derived
PMP [15]. One study showed that higher PCI predicted lower progression free survival in patients with
appendiceal PMP, and the impact of PCI remained an important prognostic variable in patients with low-
grade appendiceal pseudomyxoma and appendiceal adenocarcinoma [5]. The study also demonstrated
that a higher CCR score (CCR-2 or CCR-3) was associated with signi�cantly worse 5-year survival (24%),
compared with 85% in patients with CCR-0 and 80% in patients with CCR-1. In our study, through
univariate analysis, CCR (0/1 vs. 2/3) and PCI (<20 vs. ≥20) were the prognostic factors of OS in LAMNs
patients. We have reason to assume that early detection, early treatment and maximum cell reduction will
achieve better long-term survival. Another multicenter cohort study analyzed 1924 patients with PMP due
to an appendiceal mucinous neoplasm. Their results showed that compared with the CRS-alone group,
the CRS-HIPEC group had better 5-year overall survival in all subsets, including CC-2/3 (16.1% [95% CI,
10.4%-24.8%] vs 28.4% [95% CI, 19.6%-41.1%]; P = .007) [16]. Our study also showed that with or without
HIPEC was an independent prognostic factor of LAMNs, suggesting that patients will bene�t from HIPEC
on the premise that they can tolerate HIPEC.

Conclusions
In conclusions, this study systematically analyzes of the prognostic factors of perioperative LAMNs
patients, especially the analysis of some preoperative indicators that re�ect the general condition of
patients. It is innovative compared with the previous studies. PSS and CCR can be used as independent
predictors of the prognosis of LAMNs patients, which provide a theoretical basis for judging the
prognosis of patients before clinical operation, and also draw the importance of complete CRS in an
experienced institution for the �rst medical treatment. However, other pathological types and prospective
studies need to further verify the situation for patients.

Abbreviations
PMP
pseudomyxoma peritonei
CRS
cytoreductive surgery
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HIPEC
hyperthermic intraperitoneal chemotherapy
PSS
prior surgical score
RBC
red blood cell
Hb
hemoglobin
ALB
albumin
PCI
peritoneal cancer index
CCR
completeness of cytoreduction
OS
overall survival
LAMNs
low-grade appendiceal mucinous neoplasms
HAMNs
high-grade appendiceal mucinous neoplasms
MAC
mucinous adenocarcinoma
MAC-S
mucinous adenocarcinoma with signet ring cells
mGPS
modi�ed Glasgow Prognostic Score
CRP
C-reactive protein

Declarations
Acknowledgements

We thank Shilong Wang for funding the data collection and database management. We also thank
Aerospace Central Hospital for patient referral.

Authors’ contributions

The author contributions were as follows: BW, RM, BR and HX conceived and designed the experiments;
BW, RM, GS, BR and HX performed the experiments; ZY, HT, SL, YW, JQ and BW analyzed the data; BW,
RM, GS, BR and HX contributed reagents/materials/analysis tools; BW, RM, GS, BR and HX contributed to



Page 11/13

the writing of the manuscript. All authors approved the �nal version of the manuscript to be submitted. All
authors agreed to be accountable for all aspects of the work and ensuring that questions related to the
accuracy or integrity of any part of the Article are appropriately investigated and resolved.

Funding

None

Availability of data and materials

The datasets used and/or analyzed during the current study are available from the corresponding author
on reasonable request.

Ethics approval and consent to participate

This is a retrospective study, and all the patients signed the consent for treating before the treatment.
Additionally, the participants have given the consent for their images. The study was approved by the
Ethic committee of Aerospace Central Hospital, Beijing, China (no.20161109-ST-07).

Consent for publication

Written informed consent was given by the participants, and all the participants have given the consent
for their images.

Competing interests

The authors declare no con�ict of interest.

Author details

1Department of Gastrointestinal Surgery, Beijing Shijitan Hospital, Capital Medical University, Beijing
100049, China.

2Department of Myxoma, Aerospace Center Hospital, Beijing 100049, China.

References
1. Carr, N. J., McCarthy, W. F. & Sobin, L. H. Epithelial noncarcinoid tumors and tumor-like lesions of the

appendix: a clinicopathologic study of 184 patients with a multivariate analysis of prognostic
factors., 75, 757–68 (1995).

2. Weaver, C. H. Mucocele of appendix with pseudomucinous degeneration.Elsevier. 1937. 36(2)

3. Sugarbaker, P. H. New standard of care for appendiceal epithelial neoplasms and pseudomyxoma
peritonei syndrome? Lancet Oncol, 7 (1), 69–76 (2006).

4. Sugarbaker, P. H. Peritonectomy procedures. Ann Surg, 221 (1), 29–42 (1995).



Page 12/13

5. Chua, T. C. et al. Early- and long-term outcome data of patients with pseudomyxoma peritonei from
appendiceal origin treated by a strategy of cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy. J Clin Oncol, 30 (20), 2449–56 (2012).

�. Sugarbaker, P. H. Successful management of microscopic residual disease in large bowel cancer.
Cancer Chemother Pharmacol. 1999. 43 Suppl: S15-25

7. Carr, N. J. et al. A Consensus for Classi�cation and Pathologic Reporting of Pseudomyxoma
Peritonei and Associated Appendiceal Neoplasia: The Results of the Peritoneal Surface Oncology
Group International (PSOGI) Modi�ed Delphi Process.Am J Surg Pathol. 2016. 40(1)

�. Lu, Y., Li, F., Ma, R., Fang, L. & Qi, C. Clinicopathological Features of Low-Grade Appendiceal
Mucinous Neoplasms Con�ned to the Appendix. Front Oncol, 11, 696846 (2021).

9. Elias, D. et al. Pseudomyxoma peritonei: a French multicentric study of 301 patients treated with
cytoreductive surgery and intraperitoneal chemotherapy. Eur J Surg Oncol, 36 (5), 456–62 (2010).

10. Fu, F., Ma, X., Lu, Y., Xu, H. & Ma, R. Clinicopathological Characteristics and Prognostic Prediction in
Pseudomyxoma Peritonei Originating From Mucinous Ovarian Cancer. Front Oncol, 11, 641053
(2021).

11. Sugarbaker, P. H. & Chang, D. Treatment of advanced pseudomyxoma peritonei using cytoreductive
surgery including total gastrectomy and perioperative chemotherapy. J Surg Oncol, 124 (3), 378–389
(2021).

12. Baratti, D. et al. Prognostic value of circulating tumor markers in patients with pseudomyxoma
peritonei treated with cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. Ann
Surg Oncol, 14 (8), 2300–8 (2007).

13. Roncolato, F. T. et al. Validation of the modi�ed Glasgow Prognostic Score (mGPS) in recurrent
ovarian cancer (ROC) - Analysis of patients enrolled in the GCIG Symptom Bene�t Study (SBS).
Gynecol Oncol, 148 (1), 36–41 (2018).

14. Tan, G. H. et al. The modi�ed Glasgow prognosis score predicts for overall and disease-free survival
following cytoreductive surgery and HIPEC in patients with pseudomyxoma peritonei of appendiceal
origin. Eur J Surg Oncol, 43 (2), 388–394 (2017).

15. Ta�ampas, P. et al. Pre-operative tumour marker status predicts recurrence and survival after
complete cytoreduction and hyperthermic intraperitoneal chemotherapy for appendiceal
Pseudomyxoma Peritonei: Analysis of 519 patients. Eur J Surg Oncol, 40 (5), 515–520 (2014).

1�. Kusamura, S. et al. The Role of Hyperthermic Intraperitoneal Chemotherapy in Pseudomyxoma
Peritonei After Cytoreductive Surgery. JAMA Surg, 156 (3), e206363 (2021).

Figures

Figure 1



Page 13/13

See image above for �gure legend.


