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Background: Nafamostat mesylate is widely used as an anticoagulant in continuous renal replacement therapy (CRRT). The generic
versions of nafamostat mesylate have identical main components to the original product. However, it is questionable whether the ge-
neric versions have the same efficacy as the original. Therefore, we compared the circuit patency and exchange rates of the original
nafamostat mesylate and a generic version to determine which is more efficient as an anticoagulant in CRRT.

Methods: This retrospective study enrolled 1,255 patients hospitalized to receive CRRT who received the original version of nafamo-
stat mesylate or a generic version between January 2010 and July 2018. We evaluated the filter lifespan, number of filters used per
day, mean blood flow, and transmembrane pressure (TMP).

Results: The mean filter lifespan was 36.3115.1 hours in the original product group and 22.2£16.2 hours in the generic product
group, which was not a statistically significant difference (p=0.060). The mean TMP was 62.2+47.3 mmHg in the original product
group and 74.5£45.6 mmHg in the generic product group (p=0.045).

Conclusions: This retrospective study suggests no meaningful difference in filter lifespan between the original and generic versions of
nafamostat mesylate. However, TMP was lower in the original product group than in the generic product group.
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Introduction

Continuous renal replacement therapy (CRRT) is an ef-
fective kidney replacement treatment in patients with
hemodynamically unstable acute kidney injury (AKI) [1].
Over the years, CRRT has become easier and safer to adopt

because of advances in science and technology [2]. One of
the advanced techniques is to minimize coagulation of the
circuit filter, often through use of anticoagulants. Among
them, heparin has been widely used for CRRT [3]. Heparin
in CRRT produces some adverse effects, including bleeding
events and heparin-induced thrombocytopenia [4]. There-
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Nafamostat mesylate in CRRT

fore, several studies have explored other anticoagulants
to minimize the risk of bleeding and compared them with
heparin (e.g., regional citrate anticoagulation, thrombin
antagonists, prostacyclin anticoagulants) [1,3,5-7].

Nafamostat mesylate (6-amino-2-naphthyl p-guanidino-
benzoate dimethane sulfonate; Futhan, SK Chemicals) is a
prostacyclin analog that inhibits serine proteases. The half-
life of nafamostat mesylate is 8 minutes, and it is eliminat-
ed quickly from the blood. Therefore, nafamostat mesylate
can be used for people at high risk of bleeding [6]. At least
one generic version of nafamostat mesylate has been re-
leased and is in use. These generic versions have identical
main components to those of the original product; howev-
er, due to differences in additives and impurities, it is un-
clear whether they have the same efficacy. In this study, we
conducted a comparison of circuit patency and exchange
rates between original and generic versions of nafamostat
mesylate among AKI patients receiving CRRT.

Methods

Ethical statements: This study was approved by the Institutional
Review Board of Kosin University Gospel Hospital (IRB No. KUGH
2018-10-021). The written informed consent requirement was
waived.

1. Patients

We conducted a retrospective study to compare the orig-
inal nafamostat mesylate with generic versions, focusing
on CRRT procedure time. In this single-center, unblinded,
non-randomized study, 1,255 patients (aged 18-80 years)
hospitalized in the intensive care unit for CRRT who re-
ceived the original version of nafamostat mesylate or a ge-
neric version were enrolled between January 2010 and July
2018 at one of three tertiary hospitals.

2. Criteria

Patients were included in this study if they were diagnosed
with AKI, aged 18 to 80 years, and considered by the med-
ical team to require CRRT. All patients met at least one
of the following criteria: (1) increase in serum creatinine
>1.5 times above baseline; (2) glomerular filtration rate
decreased by >25%; or (3) urine volume decreased to <0.5
mL/kg/hr for >6 hours. Patients who met any of the fol-

lowing criteria were excluded: (1) CRRT performed for <24
hours; (2) weight <50 kg or >120 kg; (3) undergoing CRRT
due to a non-kidney indication; (4) receiving dialysis under
a diagnosis of end-stage renal disease; (5) CRRT started
<24 hours after hospitalization.

We excluded patients identified within 24 hours of hos-
pitalization because of the many changes in anticoagulant
dosing during this time of CRRT.

3. Clinical data collection

Clinical data on patient demographics, CRRT operating
characteristics, and CRRT daily performance were collect-
ed at the beginning of the procedure. Laboratory testing,
including blood urea nitrogen and creatinine measure-
ments, also was performed at initiation of CRRT.

4. Study outcomes

The primary outcome was filter lifespan and number of
filters used per day in AKI patients on CRRT receiving
original or generic versions of nafamostat mesylate. The
secondary outcome was mean blood flow and transmem-
brane pressure (TMP).

5. CRRT modality

Patients who received CRRT in this study were treated in
continuous venovenous hemodiafiltration mode. We used
a Prisma dialysis machine (Gambro), and selected mem-
brane dialyzers were ST100 (acrylonitrile + sodium methal-
lyl sulfonate + polyethylene imine) or M100 (acrylonitrile
+ sodium methallyl sulfonate). A 12-French dual lumen
catheter was used for central vein access and inserted into
the internal jugular or femoral vein. Bicarbonate-buffered
replacement solutions were used and delivered in post-di-
lution mode.

The starting dose of nafamostat mesylate was 20 mg/hr,
which was adjusted as needed by 20-30 mg/hr to achieve
an activated clotting time of 150 to 200 seconds. Filters
were exchanged every 48 hours or when they failed due to
clotting.

6. Statistics

All variables were analyzed using SPSS for Windows ver-
sion 23.0 (IBM Corp.). Continuous variables are expressed
as mean tstandard deviation (SD). Categorical variables
are expressed as frequency and percentage (%). A t-test
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was used for continuous variables, and the chi-square test
was used for categorical variables. p<0.05 was considered
statistically significant. Continuous variables are summa-
rized as mean*SD values.

Results

1. Enrollment

Between January 2010 and July 2018, a total of 1,255 pa-
tients received CRRT as defined above. After data collec-
tion, 146 patients were excluded from the original product
group and 49 patients were excluded from the generic
product group. In the final analysis, we included 732 pa-
tients in the original product group and 328 patients in the
generic product group (Fig. 1).

2. Patient characteristics

The age of patients was 64.1+14.9 years in the original
product group compared to 62.5+13.6 years in the generic
product group. The proportion of patients with chronic
kidney disease was 31.1% in the original product group ver-
sus 35% in the generic product group. The most common
cause of death was multiple organ failure, which affected
60.1% of patients in the original product group and 52.2%
of patients in the generic product group. Acute Physiology
and Chronic Health Evaluation III scores were 83.3+34.1

points in the original product group and 82.9+37.1 points
in the generic product group. There was no significant
difference between product groups according to sex, age,
chronic kidney disease, death, or oliguria at baseline.

In terms of CRRT modality, blood flow was 120+25.3 mL/
hr in the original product group and 125.0+22.1 mL/hr in
the generic product group. The CRRT dose was 32.0+10.2
mL/kg/hr in the original group and 30.0+9.5 mL/kg/hr in
the generic group (Table 1).

3. Etiology of AKI

The cause of AKI varied in this study, though the most
common was ischemia or shock, affecting 40.1% of patients
in the original product group and 51.2% of patients in the
generic product group. Other reasons included sepsis,
nephrotoxin, rhabdomyolysis, urinary tract obstruction,
multiple myeloma, and tumor lysis syndrome. A multi-
factorial cause was found in 13.8% of cases in the original
product group and 8.2% of cases in the generic product
group. There was no meaningful difference between the
two groups in terms of the etiology of acute renal failure
according to anticoagulant used (Table 2).

4. Reasons for starting CRRT
CRRT was initiated due to oliguria or anuria in 45.6% of
patients in the original product group and 41% of patients

1,255 Patients underwent CRRT using
NM from January 2010 to July 2018 at
one of three tertiary hospitals

!

l

878 Patients used the NM
original product

377 Patients used the NM
generic product

146 Patients were excluded by |
inclusion and exclusion criteria

A4

.| 49 Patients were excluded by
inclusion and exclusion criteria

A\ 4

732 Patients were in the NM
original group in analysis

328 Patients were in the NM
generic group in analysis

Fig. 1. Flowchart of the assessment of patients' eligibility and enrollment in this study. CRRT, continuous renal replacement therapy; NM,

nafamostat mesylate.
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Table 1. Characteristics of patients according to anticoagulant choice

Characteristic NM original group (n=732) NM generic group (n=328) p-value
Sex (male/female) 424/308 160/168 0.558
Age (yr), mean+SD 64.1£14.9 62.5+13.6 0.309
CKD (%) 31.1 35.0 0.078
Death (%) 51.3 42.1 0.256
Cause of death (%) 0.416

MOF 60.1 52.2

Cardiac 22.3 29.6

Cerebral 6.5 5.0

Respiratory 7.5 8.5

Tumor recurrence 3.6 4.7
Clinical setting (%) 0.732

Medical 723 73.2

Surgical 27.7 26.8
APACHE Il score, mean+SD 83.3134.1 82.9+37.1 0.823
Oliguria (%) 43.3 42.6 0.647
Mechanical ventilation (%) 58.6 61.3 0.259
Vasoactive drug (%) 55.1 56.3 0.725
Sepsis (%) 39.0 36.0 0.426
CRRT modality 0.636
Mode CVWWHDF CVWWHDF
Blood flow (mL/hr), mean+SD 120.0£25.3 125.0£22.1
Dosage (mL/kg/hr), meanSD 32.0+£10.2 30.049.5

NM, nafamostat mesylate; CKD, chronic kidney disease; MOF, multiorgan failure; APACHE, Acute Physiology and Chronic Health Evaluation; CRRT, continuous re-
nal-replacement therapy; CVWWHDF, continuous venovenous hemodiafiltration; SD, standard deviation.

Table 2. Anticoagulant choice according to the etiology of acute kidney injury

Etiology NM original group (n=732) NM generic group (n=328) p-value
Sepsis (%) 39.0 36.0 0.534
Ischemia or shock (%) 40.1 51.2 0.534
Nephrotoxin (%) 29 1.9 0.534
Rhabdomyolysis (%) 15 1.2 0.534
Urinary tract obstruction (%) 1.0 1.3 0.534
Multiple myeloma (%) 1.2 1.0 0.534
Tumor lysis syndrome (%) 0.5 0.2 0.534
Multifactorial cause (%) 13.8 8.2 0.534

NM, nafamostat mesylate.

in the generic product group. Fluid overload occurred in
28.9% of patients in the original product group and 26% of
patients in the generic product group. Other, less common
reasons included high blood urea nitrogen/creatinine lev-
els, metabolic acidosis, and hyperkalemia (Table 3).

5. Filter characteristics
The mean (SD) filter lifespan was 36.3+15.1 hours in the

original product group compared to 22.2+16.2 hours in the
generic product group, with no statistically significant dif-
ference. The mean number of filters per day was 0.9+0.6 in
the original product group but 1.7+0.7 in the generic prod-
uct group, also with no statistically significant difference.
Finally, the mean TMP was 62.2+47.3 mmHg in the original
product group versus 74.5+45.6 mmHg in the generic prod-
uct group (Table 4).
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Table 3. Reasons for starting continuous renal replacement therapy according to anticoagulant choice

Reason NM original group (n=732) NM generic group (n=328) p-value
Oliguria/anuria (%) 456 41.1 0.458
High BUN/Cr (%) 1.2 18.2 0.458
Fluid overload (%) 28.9 26.2 0.458
Metabolic acidosis (%) 9.2 7.1 0.458
Hyperkalemia (%) 19 4.1 0.458
Others (%) 3.2 4.2 0.458
NM, nafamostat mesylate; BUN/Cr, blood urea nitrogen/creatinine.
Table 4. Filter characteristics during continuous renal replacement therapy according to anticoagulant choice

NM original group (n=732) NM generic group (n=328) p-value
TMP (mmHg) 62.2+47.3 74.5+45.6 0.045
Filter lifespan (hr) 36.3£15.1 22.2+16.2 0.060
Number of filters (/day) 0.9+0.6 1.7£0.7 0.070
Mean blood flow (mL/min) 121.0+60.8 124.5+39.6 0.090

Values are presented as meantstandard deviation.
NM, nafamostat mesylate; TMP, transmembrane pressure.

Discussion

The results of this study showed no significant difference
in filter lifetime of the original and generic versions of na-
famostat mesylate. However, transmembrane potential
(TMP), a parameter indicating intra-circuit obstruction as
the pressure gradient on the two sides of the filter mem-
brane, tended to be lower with the original version than
with the generic version. An increase in TMP can be sec-
ondary to membrane clogging or some other form of clot-
ting along the circuit [8,9]. Although there was no differ-
ence in filter lifetime between the formulations, use of the
original version of nafamostat mesylate may be advanta-
geous because it has a lower TMP than the generic version.
The results of the present study showed no meaningful
difference between the two groups in terms of patient char-
acteristics, etiology of AKI, or reason for CRRT.

Nafamostat mesylate is a synthetic serine protease in-
hibitor that inhibits coagulation factors and platelet ag-
gregation. Thus, nafamostat mesylate has been used as an
anticoagulant in CRRT [6]. In Korea and Japan, when CRRT
is performed in patients with a tendency to bleed signifi-
cantly, anticoagulation is often performed using nafamo-
stat mesylate. Therefore, several generic versions of nafa-
mostat mesylate have been released, and research on each
product has become necessary as the range of choices has
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increased. In this study, we compared the circuit patency
and exchange rates of the original nafamostat mesylate and
a generic version to conclude which is more efficient as an
anticoagulant in CRRT.

Although there was no meaningful difference in filter
life between the two groups in this study, other such re-
search has been published. In one study, the continuous
hemodiafiltration run time of the generic product group
was significantly shorter than that of the original product
group (retrospective, n=24: generic 22.8+12.8 vs. original
36.3£10.3, p<0.01; prospective, n=7: generic 17.4+10.1 vs.
original 32.3+13.3, p<0.01). Niwa et al. [10] used high-speed
liquid chromatography to analyze the subcomponents in
the original and a generic version of nafamostat mesylate.
While about 0.2% of the original product comprised addi-
tives, that composition of the generic product was signifi-
cantly higher at 0.3% to 0.5%, and unknown additives not
detected in the original product were detected in the ge-
neric version. Such difference in additives could affect the
filter lifespan. Even in the present study, the difference in
filter lifespan with the original versus generic version may
be due to variation in additives [10].

In this study, the mean filter lifespan was shortened to
<24 hours in the generic product group. In general, dialysis
filters used in CRRT in intensive care unit patients should
be used for >1 day [2,11]. However, the use of generic
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products that can cause intra-circuit obstruction within 24
hours should be decided in consideration of clinical situa-
tions.

Our study had several limitations. First, because this was
a retrospective study, it is difficult to determine the cause-
and-effect relationship. Second, although the difference
was not statistically significant, it is necessary to analyze
the mixtures of the original product and the generic prod-
uct and conduct a prospective study in the future to con-
firm the filter lifespan in both groups. Third, it is necessary
to assess platelet count, prothrombin time, activated partial
thromboplastin time, and fibrinogen level in such patients.
It is also necessary to check and compare the presence or
absence of anticoagulation or antiplatelet drugs because it
could affect circuit coagulation.

In conclusion, this retrospective study suggests no mean-
ingful difference in filter lifespan between the original and
generic versions of nafamostat mesylate. However, TMP
was lower in the original product group than in the generic
product group.
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