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Clinical Question Box
Is cell-free and concentrated ascites reinfusion therapy effective in the treatment of gynecological
malignancy-related ascites?

This study supports the use of cell-free and concentrated ascites reinfusion therapy as a safe
and effective method for controlling gynecological malignancy-related ascites. By using cell-free
and concentrated ascites reinfusion therapy, patients experienced reduced ascites and improved
total protein and albumin levels after reinfusion, without severe adverse events.

Abstract
Introduction: Gynecological malignancy-related ascites (GMRA) cause discomfort symptoms in
advanced gynecological cancer patients, especially in ovarian cancer. Cell-free and concentrated ascites
reinfusion therapy (CART) is a palliative treatment for GMRA. Methods: Literature was searched
from PubMed, CENTRAL, and Web of Science for relevant studies in all languages through May 31,
2024. The effectiveness of CART for GMRA was identified from data provided by full articles, brief
reports, and conference abstracts. Results: Seven studies, comprising 166 patients with GMRA and 387
CART procedures, were examined in this study. The mean volume of GMRA obtained and reinfused
after concentrating was 3.95 L (95% confidence interval [CI] 3.25–4.26 L) and 0.51 L (95% CI 0.38–
0.65), respectively. Total protein and albumin reinfused were 98.6 g (95% CI 75.4–121.8 g) and 44.8 g
(95% CI 37.2–52.5 g) on average, respectively. The mean CART-CART interval was 26.9 days (95% CI
24.2–29.7). No severe adverse events were observed during the CART procedures. Conclusions: CART
is considered one of the palliative therapies for GMRA with proven safety and effectiveness.

Keywords: Gynecological malignant related ascites, palliative treatments, cell-free and concentrated
ascites reinfusion therapy, CART, gynecological malignant.
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1. Introduction

Ascites associated with malignancies significantly compromise the quality of life, primarily due
to elevated intra-abdominal pressures.1 Common symptoms among patients include nausea, pain,
anorexia, fatigue, vomiting, and shortness of breath. Notably, ovarian adenocarcinomas stand as the
predominant contributors to gynecological malignancy-related ascites (GMRA), constituting about
10% of all ascite cases.2 These patients often present with substantial ascitic fluid accumulation,
typically indicative of peritoneal metastases, prevalent in nearly 89% of advanced-stage cases.3

Patients presenting with higher volumes and frequent accumulations of ascitic fluid generally have
a poorer prognosis.4 Studies have highlighted that ascite volumes exceeding 1.8 liters significantly
correlate with reduced overall survival rates.5 Although paracentesis offers symptomatic relief, it may
lead to protein loss and potential complications such as fatigue and hemodynamic instability.6 Notably,
paracentesis-induced circulatory dysfunction represents a significant risk for patients undergoing
extensive fluid removal.7

Current guidelines for managing GMRA are sparse.8,9 The application of cell-free and concentrated
ascites reinfusion therapy (CART), initially introduced in the 1970s for cirrhotic ascites, is now
being adapted for malignancy-related conditions.10 Various treatments, including simple drainage,
peritoneovenous shunting, and CART, have been explored for alleviating symptoms.11 While a recent
meta-analysis confirmed the safety and efficacy of CART in treating malignancy-related ascites, its
impact on GMRA specifically remains under-researched.12 This article delves into the role of CART
in enhancing clinical outcomes and mitigating adverse events in GMRA cases.

2. Materials and Methods

2.1. Study Overview
This investigation adhered to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.13 Given the meta-analytical framework of this study, Institutional
Review Board (IRB) approval was not required. The study was registered on the University Hospital
Medical Information Network Clinical Trials Registry (UMIN 000044822).14

2.2. Literature Search
The research involved a comprehensive search across PubMed, Cochrane, and Web of Science from
January 1, 2000, to May 31, 2024. The search strategy for PubMed included: (cell-free and concen-
trated ascites reinfusion therapy) OR (ascites reinfusion therapy) OR (CART) AND (gynecological
malignant ascites). Duplicate entries were removed, and titles and abstracts were initially screened.
Subsequently, full-text articles were assessed for eligibility by two independent reviewers (S.Z. and
C.L.). Any disputes were resolved through consultation with a third reviewer.

2.3. Eligibility Criteria
The study did not restrict the types of articles or languages, provided they furnished data on the safety
or efficacy of CART in treating GMRA. Inclusion criteria comprised: (1) patients with GMRA, (2)
data on the effectiveness of CART, and (3) comprehensive details of the CART procedure. Exclusions
were: (1) studies focusing solely on procedural data, (2) studies dealing only with cirrhosis-related
ascites, or (3) studies lacking efficacy data on CART.

2.4. Assessment of Bias
The study included only observational studies. The modified Newcastle-Ottawa Scale was utilized for
quality assessment, conducted independently by two reviewers (S.Z. and C.L.). Conflicts were settled
by a third reviewer, Y.G.

2.5. Evaluation of Outcomes
Key metrics, such as the volume of ascites collected or reinfused, were noted. Efficacy indicators
included changes in body weight, abdominal circumference, and lab values (serum albumin, total
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protein, creatinine). Patient functional status was gauged using the Eastern Cooperative Oncology
Group (ECOG) performance status.15 Adverse events were classified according to the Common
Terminology Criteria for Adverse Events (CTCAE ver5.0).16

2.6. Statistical Methods
Analysis was performed using Review Manager ver. 5.3 (Cochrane Collaboration, Oxford, UK).
Outcomes were presented as mean differences with 95% confidence intervals (95% CIs). Heterogeneity
was assessed using the I2 statistic, interpreted as follows: I2 of 0% indicates no heterogeneity, up to
25% minimal, 25–50% mild, 50–75% moderate, and over 75% significant heterogeneity.17 A p-value
of less than 0.05 was deemed statistically significant.

3. Results

3.1. General Condition
According to the pre-set search strategy, 95 articles, including two by hand-searching, were found.
After removing duplicates, screening, and reading the full articles, 63, 39, and eight articles were
left, respectively (Supplementary Fig. 1). Finally, 166 patients with MRA, compromising 387 CART
procedures, were identified in this meta-analysis (Table 1).18–25 Due to the indication that CART
was only approved in Japan, and all of them were reported from Japan, with one article reported in
Japanese.18 In all studies, AHF-UP and AHF-MO (Asahi Kasei Medical Co., Ltd., Tokyo, Japan)
were used as ascitic filtration and concentration filters, respectively. The mean GMRA collected and
reinfused were 3.97 L (95% CI 3.26–4.68 L) and 0.51 L (95% CI 0.38–0.65 l), respectively. The mean
of total protein and albumin that were reinfused were 98.6 g (95% CI 75.4–121.8 g) and 44.8 g (95%
CI 37.2–52.5 g), respectively. The mean CART-CART interval was 26.9 days (95% CI 24.2–29.7 days)
(Supplementary Figs. 2–5).

Table 1. Background and characteristics of studies

Author Year Study Patients Age Procedures Collection
(L) (SD)

Reinfusion
(L) (SD)

Protein
(g/dL) (SD)

NOS

Ishitani 2021 Pros 53 62.8 98 3.09 (1.10) 0.61 (0.46) 127.8 (60.3) 6
Kawata 2019 Retro 29 56.6 47 2.94 (0.82) 0.27 (0.08) 85 (33.2) 6
Mastuo 2014 Retro 7 56 46 4.96 (0.98) 0.53 (0.08) 69.6 (19.4) 5
Sone 2022 Retro 11 64.1 17 3.48 (0.96) NA NA 4
Togami 2014 Retro 4 NA 15 3.19 (1.09) 0.54 (0.25) NA 6
Ueda 2012 Retro 22 NA 57 3.29 (1.20) NA NA 4
Wang 2015 Retro 9 67.7 58 7.73 (3.39) 0.92 (0.47) 161.2 (89.1) 6
Yamamoto 2021 Pros 31 66.4 49 3.01 (1.25) 0.39 (0.19) NA 5

Note: Retro: retrospective study; Pros: prospective study; SD: standardized difference; NA: not available; NOS:
Newcastle-Ottawa Scale.

3.2. Efficiency
After the procedure of puncture, the body weight was reduced to 2.97 kg (95% CI 1.27–4.67 kg; p
< 0.001; I2 = 0%, p for heterogeneity = 1.0) on average (Fig. 1), and abdominal circumference was
reduced to 7.26 cm (95% CI 5.69–8.83 cm; p < 0.001; I2 = 0%, p for heterogeneity = 0.44) (Fig. 2),
respectively. After the procedure of reinfusion, a mean elevation of serum was observed by 0.15 mg/dL
(95% CI 0.02–0.28 mg/dL; p = 0.02; I2 = 53%, p for heterogeneity = 0.06) (Fig. 3), and total protein
was increased to 0.21 mg/dL (95% CI 0.10–0.33 mg/dL; p < 0.001; I2 = 2%, p for heterogeneity =
0.36) on average (Supplementary Fig. 7), respectively. Creatinine was decreased by 0.1 g/dL (95% CI
0.07–0.13 g/dL; p < 0.001; I2 = 0%, p for heterogeneity = 0.94) (Fig. 4).
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Figure 1. Changes in body weight before and after cell-free and concentrated ascites reinfusion
therapy. CART: cell-free and concentrated ascites reinfusion therapy; SD: standard deviation;
CI: confidence interval.

Figure 2. Changes in abdominal circumference before and after cell-free and concentrated
ascites reinfusion therapy. CART: cell-free and concentrated ascites reinfusion therapy; SD:
standard deviation; CI: confidence interval.

Figure 3. Changes in serum albumin before and after cell-free and concentrated ascites
reinfusion therapy. SD: standard deviation; CI: confidence interval.

Figure 4. Changes in creatine before and after cell-free and concentrated ascites reinfusion
therapy. CART: cell-free and concentrated ascites reinfusion therapy; SD: standard deviation;
CI: confidence interval.

3.3. Safety
In all studies, a prescription of 100 or 200 mg of hydrocortisone was given to prevent fever during
reinfusion; increased body temperature was observed by 0.7°C (95% CI 0.11–1.28°C) on average
(Supplementary Fig. 7). According to CTCAE, there were 18 and two episodes of Grade 1 and Grade
2 fever, respectively. After the procedure of reinfusion, a decrease in the number of platelets was also
observed 5.64 × 104/µL (95% CI 1.15–10.12 × 104/µL; p = 0.01; I2 = 0%, p for heterogeneity = 0.97)
(Supplementary Fig. 8).
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4. Discussion

By evaluating 387 procedures, our analysis identified the efficiency of CART. A reduction of body
weight and abdominal circumference was confirmed after the procedure of puncture, and an elevation
of serum albumin and total protein was observed after the procedure of reinfusion, with a mean
duration to the next puncture of 26.9 days. Platelets decreased after CART; however, there were no
reports of a necessity for platelet transfusion. Although body temperature increased (mean increase
of 0.7°C) after the procedure, it was not clinically significant. These findings were coordinated
with previous studies.26 Only limited adverse events, including two episodes of Grade 2 fever, were
reported.

While the potential benefits of CART in gynecological malignancy-related ascites, such as OS,
progression-free survival (PFS), and PS, are critical outcomes to evaluate, the current literature
is limited in this regard. This limitation is primarily due to the heterogeneity of gynecological
malignancies studied, making it challenging to draw comprehensive conclusions. A few studies have
addressed PS,18,19 but variations in the intervals, volumes of ascites puncture, and timing of PS
assessment complicate direct comparisons. Therefore, while CART shows promise, further research
with standardized protocols is necessary to understand its impact on these important clinical outcomes
fully. Additionally, limited studies directly compare the cost of the CART procedure with the usual
treatment of puncture and albumin infusion. However, it is important to note that CART can
potentially reduce the risk of viral infections compared to albumin infusion. This reduction in
infection risk could lead to lower overall healthcare costs and improved patient safety, highlighting
a potential economic and clinical benefit of CART despite the lack of extensive cost comparison
studies.

The presence of ascites is significantly associated with shorter PFS and OS, which is considered
to increase the chance of suboptimal cytoreduction.27,28 Several studies looking at the absence of
ascites were associated with long-term survivor status.7 Hyperthermic intraperitoneal chemotherapy
is an effective treatment that results in prolonged OS.29 Ovarian Cancer The use of CART fol-
lowed by chemotherapy for advanced or recurrent malignancies is currently being investigated in
previous studies.19,30 The development of checkpoint blockade inhibitors has revolutionized cancer
immunotherapy and has led to durable survival outcomes in some patients with metastatic disease.31

Cellular immunotherapies, for example, with the use of gamma-delta T cells, are expected to be applied
during the procedure of CART.32

There were several limitations in this study. First, the effectiveness of CART analyzed in this meta-
analysis was considered as short-term efficiency. The change in body weight, abdominal girth, and
laboratory findings such as serum albumin were checked before and after the procedure of paracentesis
and reinfusion in CART, which were not a long-term efficiency parameter. Although some studies
reported PS before and after CART, the duration of this effect was still unclear. Secondly, a standard
protocol of CART is lacking in the CART procedure. Thirdly, only two prospective studies were
included, and risk for selection bias potentially exists.

5. Conclusions

CART is considered an effective therapy for GMRA without severe side effects. However, further
studies are necessary to identify a long-term effect of GMAR treatment.
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