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Abstract:

Background: Ascites fluid accumulation due to carcinomatous peritonitis causes symptoms such as nausea, anorexia, and
abdominal distention. It significantly reduces the patient's Quality of Life (QOL) and makes it difficult to continue treatment.
Cell-free and concentrated ascites reinfusion therapy (CART) is a treatment for a patient with cancerous refractory ascites, which
ascitic fluid is withdrawn from the patient into the bag, then ascitic fluid is filtrated to remove bacteria and cancer cells, and
furthermore ascitic fluid including helpful materials such as albumin is administered to the patient by the parenteral rout after
concentrating. It is possible to relieve symptoms caused by refractory ascites. We report a case of a patient with terminal lung
cancer who was able to continue chemotherapy and improve QOL by frequent CART.

Case presentation: A 45-year-old man came to University of Fukui Hospital with a chief complaint of severe pain in the upper
abdomen. A computed tomography (CT) scan revealed a right upper lobe lung cancer, liver metastases and multiple lymph nodes
metastases. Therefore, chemotherapy was initiated. Chemotherapy with cisplatin, pemetrexed sodium hydrate, and bevacizumab
was administered up to the seventh-line treatment, but the results were all progressive disease. At that time, liver metastasis and
para-aortic lymph node metastasis increased, resulting in worsening of ascites and abdominal distension, and CART was introduced.
By continuing 14 cycles of CART, the patient's general condition could be maintained, and chemotherapy could be continued up to
the tenth line. His activities of daily living were improved and he was able to continue his own work and enjoy his personal time.
Conclusion: We experienced a case in which frequent CART was performed to continue chemotherapy and to improve QOL in
terminal lung cancer patients. CART is effective in maintaining the general condition and QOL of patients with refractory ascites,
as well as opioid use and psychosocial care. The introduction of CART into patients with refractory ascites should be proactively
considered.

Keywords: Cell-free and concentrated ascites reinfusion therapy (CART), refractory ascites, palliative care, Activities of Daily Living
(ADL), Quality of Life (QOL)

LAy 1

IO A FFRE U CRHRGIRIE L RBE L 7245 BB EICBWT, BFFRAEIC L 04 RIEMSA Z RS L T 2 T
BIUELE) v SHEBEROONLOT, YATIFY, RAMLFEFF M)LK, BLUONNY X7 H W
LEHBEDBIG SN Tze TUEE T THEAT L7245, KR E L CEATHOIRREIZH Y, TR R ORI X 2K OBEENFE
DHNTze DA L DMK, WA, BRAIE, MR L Vo 7HEROER E 21, BEEHOQOL KT &4,
BIEARLE NS 550D T, JEKIEEEMERETED: (Cell-free concentrated ascites re-infusion therapy, CART) % JfTL 720
1411 CART FEATIZ & 1), 4B IREEISHER S, LR T 10 RIGH E TS 2 ZETRECH o720 £AUSEY, B
HEHEEIICGE L, FERAEFREZLESIED I ENTHEL 2572 CARTIIEHAETEIE K Z R0 2B AMEKEZ OLHIK
B, QOLMER:, BIUEMI 7L LTHEIMTHY, BB END CART HIfTEADTEBAN MG SNERELE R D,

¥—7—F : CART, EEGMENEK, #M7 7, ADL, QOL

(Received 26 February, 2021 ; accepted 11 May, 2021)



FEOEEE BT ORRKT, R KT KR R QW IDEL AW B A 5 i BRGE RmE k 1t #E

Introduction

Typical symptoms of massive ascites include
abdominal distention, dyspnea, and loss of appetite. Such
symptoms may severely degrade the patient's quality of
life" and affect motivation for treatment. There are many
causes of ascites, including cirrhosis, malignancy and
infection”. Ascites removal by paracentesis is effective
in relieving symptoms such as abdominal distension and
loss of appetite, but it also causes loss of protein in the
ascites, which affects circulatory dynamics®. Cell-free
and concentrated ascites reinfusion therapy (CART) is
a treatment method in which ascites fluid is collected,
filtered to remove blood cells and other unnecessary
components, and then concentrated with necessary
components such as albumin and globulin, which are
injected back into the body intravenously". We report
a case of a terminal lung cancer patient who was able
to improve his Quality of Life (QOL) and continue
treatment by frequent CART.

Case presentation

A 45-year-old man came to our hospital with a
chief complaint of severe pain mainly in the right
upper abdomen. He had been feeling discomfort in the
same area for about two months, but he was too busy
with work to go to the hospital. His medical history
included duodenal ulcer and arrhythmia. He was in the

construction business for many years, but he had no

history of asbestos exposure. His smoking history was
20 cigarettes per day for 30 years. There was no family
history of cancer. No specific medications or allergies
were noted. On physical examination, the patient had a
height of 172.3 cm, a body weight of 63.9 kg, a pulse
of 66 beats/minute, a blood pressure of 160/93 mmHg,
and a body temperature of 37.0 C . Anemia, jaundice,
edema and malnutrition were not found. Cervical lymph
nodes and thyroid gland were not palpated. Respiratory
sounds were clear and there was no difference between
left and right lung. His abdomen was flat and soft, and
there was no spontaneous pain or tenderness, but the
liver was palpated below the right costal arch about two
transverse fingers. Laboratory tests on admission day
showed that lactate dehydrogenase level of 1297 U/L
and carcinoembryonic antigen level of 13400.3 ng/mL
(Table 1). Chest X-ray showed a mass in the right upper
lung field, and thoracoabdominal contrast-enhanced
computed tomography (CT) showed a large mass of
19 mm in the right upper lobe (Fig 1 A), left superior
mediastinal and left supraclavicular fossa lymph node
metastasis (Fig 1 B), multiple liver metastases (Fig 1
C), and para-aortic lymph node metastasis (Fig 1 D).
The diagnosis of right lung cancer (adenocarcinoma)
was made by bronchoscopic biopsy. It was staged as
cT1aN3M1b Stage IV (according to seventh edition of
UICC classification), and chemotherapy with cisplatin,

pemetrexed sodium hydrate, and bevacizumab was

Table 1. The laboratory data on admission

White blood cell count 11200 /uL AST 41 U/L
Hemosglobin 14.8 g/dL ALT 44 U/L
Platelet 271 x10® /uL ALP 451 U/L
CRP 0.45 mg/dL y-GTP 262 U/L
Total protein 7.5 g/dL T-bil 0.8 mg/dL
Albumin 4.4 g/dL

BUN 15 mg/dL CEA 13400.3 ng/mL
Creatinine 0.91 mg/dL SCC 0.4 ng/mL
LD 1297 U/L SYFRA21-1 9.7 ng/mL

CRP: C-creative protein, BUN: blood urea nitrogen, LD: lactate-dehydrogenase

AST: aspartate aminotransferase, ALT: alanine aminotransferase, ALP: alkali phosphatase

vy -GTP: y -glutamyltransferase, T-bil: total bilirubin, CEA: carcinoembryonic antigen

SCC: squamous cell carcinoma associated antigen, SYFRA: cytokeratin subunit 19 fragment
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started in the same month. Both the patient and his wife
were upset at the time of notification, but as time passed,
they regained their composure and were able to start
treatment. Their child was independent and understood
the disease. He was positive about the treatment, asking
questions to his doctor about the treatment plan.

By four years and six months after the first
chemotherapy, up to the seventh-line treatment was
given, but the treatment effect was poor, and the results
were all progressive disease. The liver metastases once
shrank but recurred in S7 and tended to increase (Fig 2
A) and metastases in the abdominal lymph nodes was
also increased (Fig 2 B). Ascites fluid accumulation
was evident (Fig 2 C). The patient complained of
abdominal distension, so paracentesis was performed.
3100 ml of ascites was drained, and the patient's weight
decreased from 61 kg to 58 kg. The ascites was yellow
and slightly cloudy, and cytology showed atypical cells
with a high N/C ratio (class V). Based on imaging and

clinical findings, cirrhosis and infection were unlikely.
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It was considered consistent with malignant ascites
caused by liver metastasis and intra-abdominal lymph
node metastases of primary lung cancer. Just one week
later, his weight had returned to 61.5 kg and abdominal
circumference had increased to 90 cm. Diuretics were
also administered (spironolactone 25 mg/day), but the
rate of accumulation was rapid and frequent paracentesis
was expected to be necessary. However, the patient's
general condition needed to be maintained for the
continuation of chemotherapy in the future, so we
decided to introduce CART. He agreed to CART because
he wanted to do what he could and wanted to move as
much as possible.

A total of 14 sessions were performed from the
introduction to the last chemotherapy treatment day, with
an average of 12.2 days (range 7-45 days) from the last
session. The average volume of fluid drained per session
was 4921 ml, and the average volume of re-infused fluid
was 197 ml. The changes in body weight, abdominal

circumference, body temperature and blood pressure

Figure 1. Chest and abdomen CT findings. A: Chest CT showed a 19 mm mass in the upper lobe of the right lung (arrowhead).
B: Multiple liver metastases across both lobes. C: Para-aorta lymph node metastasis was positive (arrowhead). D: Contralateral

mediastinal lymph node metastasis was also positive (arrowhead).
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before and after intravenous infusion were analyzed
using paired t-tests. The mean weight before and after
CART was 56.8 kg and 51.7 kg respectively, which was
a significant decrease (P<0.05). The mean abdominal
circumference was also significantly reduced, from
91.9 cm before to 84.8 cm after the procedure (P<0.01).
These were thought to be very effective in improving
subjective symptoms, with comments such as no more
feeling of fullness, increased frequency of urination,
increased activity and relief of abdominal fullness. There
was no significant difference in the mean change in

body temperature and blood pressure during and after
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the intravenous infusion compared to before it (P<0.05)
(Table 2). As for the laboratory tests, compared to before
the introduction of CART, hemoglobin levels were
maintained for most of the time, and albumin, a measure
of nutrition, was almost maintained (Fig 3). During this
period, no concentrated red blood cell transfusions or
albumin products were administered. Creatinine and
transaminase levels did not change significantly, so
renal and hepatic functions were thought to have been
preserved (Fig 4). His general condition was considered
to be maintained. As a result, chemotherapy could be

continued, and we could administer the eighth to tenth

Figure 2. Abdominal CT findings 4 years and 7 months after the start of chemotherapy. A: Recurrence of liver metastasis was
seen in S7 region and tended to increase (arrowhead). B: There was also an increase in peripancreatic mesenteric lymph node
metastasis (arrowhead). C: Ascites was markedly increased and abdomen was also noticeably distended.
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Table 2. Body temperature and blood pressure before and after CART

Before reinfusion
Body temperature (C) 36.93+0.40

Blood pressure (mmHg)

After reinfusion
36.91 £0.66

During reinfusion
36.88 £ 0.50

systole 111.86+ 1574 112.14+22.96 11525+19.05
diastole 7579+t 10.96 72.36*x12.85 71.08x17.27
(mean £ SD)
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Figure 3. Progression of anemia was halted in the majority of CART procedures.
Total-protein and albumin levels also passed without a significant drop.
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Figure 4. Creatinine was almost unchanged during the CART period. AST and ALT
were not markedly elevated during the same period.

line of treatment. His remaining time was limited, but
by improving his Activities of Daily Living (ADL), he
was able to return in his job (construction industry),
enjoy his hobbies and spend more time with his newborn
grandchild.

After that, the patient's general condition
gradually deteriorated due to chemotherapy-induced
myelosuppression, appearance of disseminated
intravascular coagulation signs, and decline in cognitive

function. No further CART was performed. About a

month after the last CART he passed away with his
family being at his bedside.

Discussion

Ascites retention has various causes, such as intra-
abdominal malignancy, cirrhosis and infection”. The
frequency of malignant ascites is 53% for peritoneal
dissemination, 13% for multiple liver metastases, and
13% for peritoneal dissemination plus multiple liver

metastases. Peritoneal dissemination is the most common



FEOEEE BT ORRKT, R KT KR R QW IDEL AW B A 5 i BRGE RmE k 1t #E

cause”. Symptoms of ascites retention include abdominal
distension, anorexia and dyspnea’, which affect the
patient's daily life. Diuretics are generally administered
and these symptoms can be relieved by paracentesis’,
but since ascites contains many proteins, paracentesis
alone may affect blood protein levels and circulatory
dynamics”.

CART involves taking ascites fluid from a patient,
filtering it to remove unwanted components such as
blood cells and cancer cells, and then concentrating the
necessary components such as albumin and globulin. It
is then administered intravenously back into the patient's
body. It is effective in maintaining the patient's general
condition". The patient had a marked decrease in ADL
due to malignant ascites caused by liver metastases
and intra-abdominal lymph node metastases. He was
in the construction business, but due to the short-
term accumulation of massive ascites, he was unable
to maintain a balance between work and treatment.
Although the intervals of CART were short and frequent,
subjective symptoms such as abdominal distension and
pain were improved, and ADL was also improved with
the decrease of weight and abdominal circumference.
He was able to do heavy lifting and continue his own
work, which was a great emotional support. In addition,
the anemia did not progress during most of the CART
period, and the nutritional status was maintained, which
made it possible to continue the treatment. Although his
remaining time was short, he was able to improve his
QOL and lead a fulfilling life.

The major adverse effects associated with reinfusion
are fever, chills, shock, and hypertension®. The incidence
of fever is particularly high at 20.5%°. As for fever,
it has been reported that prior oral administration of
steroids or Non-Steroidal Anti-Inflammatory Drugs
(NSAIDs) can suppress fever’. The patient was taking
NSAIDs as analgesics, which may have suppressed the
rise in body temperature. As for fluctuation in blood
pressure, there is no clear evidence to prevent it, but at

our hospital, re-infusion is performed at less than 100

ml/h. Other CART cases have been performed at that
rate, and no extreme fluctuation in blood pressure has
occurred. We believe that one of the reasons why we
were able to perform CART repeatedly was that there
were no notable adverse effects, which helped maintain
safety and reassure the patients.

According to a previous report, when only
paracentesis was performed, without intravenous
injection of albumin, side effects including renal damage
were common”, and it was safe to treat refractory ascites
with intravenous injection of albumin®. However, since
CART regenerates albumin from its own ascites and uses
it, it can also contribute to reducing the use of albumin
products”. In this case, it was necessary to perform the
procedure frequently in a short period of time, so it was
appropriate to use CART in terms of saving medical
resources.

Patients suffering from refractory ascites are often in
the terminal phase. There is not much time left, but we
have the impression that ADLs are severely reduced,
and the time is often not used effectively. The patient
was responsible for his work and wanted to work on
his own without bothering others. He was also very
close to his family and hoped to be able to spend as
much time as possible with them. The introduction of
CART was to meet this desire. We believe that CART is
palliative care to improve quality of life and makes the
rest of a patients life more fulfilling. For that reason, its
introduction should be actively considered.

(Conflict of interest: The authors indicated no conflict of

interest.)
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