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Background/Aims: Patients with acute exacerbation of idiopathic pulmonary fibrosis (AE-IPF) typically have a poor prog-
nosis; however, no effective treatment is available. In recent years, several retrospective studies have suggested the clinical
benefits of direct hemoperfusion with a polymyxin B-immobilized fiber column (PMX-DHP) in patients with AE-IPF. Herein,
we aimed to investigate the efficacy and safety of PMX-DHP treatment in patients with AE-IPF.

Methods: Patients diagnosed with AE-IPF (n = 10) with a partial pressure of oxygen to fraction of inspiratory oxygen ratio (P/F
ratio) > 100 were prospectively enrolled at a single center. PMX-DHP was performed twice for 6 hours (at 24-h intervals) at a
flow rate of 80-100 mL/min, and steroid pulse therapy was concurrently administered (500 mg of methylprednisolone for 3 d).
Results: The mean patient age was 67 years, and 80.0% were male. During the follow-up (median, 42.5 d; interquartile
range, 16.0-174.0 d), seven (70.0%) patients died (including two who underwent transplantation); the in-hospital mortality
rate was 70%, while the 30- and 90-day mortality rates were 50.0% and 70.0%, respectively. After 48 hours of PMX-DHP
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treatment, the P/F ratio improved (mean, 160.0 vs. 229.0; p = 0.054) and C-reactive protein level decreased (mean, 8.3 mg/
dL vs. 3.5 mg/dL; p = 0.012). During hospitalization, no PMX-DHP-associated adverse events were observed.

Conclusions: Our results suggest that PMX-DHP treatment may be useful at improving oxygenation and reducing inflam-
mation in patients with AE-IPF with acceptable safety profiles, however without affecting their prognosis.

Keywords: Idiopathic pulmonary fibrosis; Acute exacerbation; Polymyxin B-hemoperfusion

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a chronic progressive
lung disease with a median survival of 3-5 years [1]. Acute
exacerbations of idiopathic pulmonary fibrosis (AE-IPF) are
characterized by acute worsening of dyspnea with bilater-
al lung infiltration that leads to a dismal prognosis (1-year
survival, 56.2%) [2], which significantly impacts the clinical
course of affected patients. Characterized by cellular inflam-
mation, AE-IPF exhibits a histological pattern of diffuse alve-
olar damage superimposed on usual interstitial pneumonia
[3]. Consequently, international evidence-based guidelines
make a weak recommendation for the use of corticoste-
roids in patients with AE-IPF [4]. However, some retrospec-
tive studies have reported that high-dose corticosteroids
showed no survival benefits in patients with AE-IPF [5-8]. In
addition, a recent randomized controlled double-blind trial
(EXAFIP study) concluded that the addition of intravenous
cyclophosphamide to glucocorticoids did not positively af-
fect the survival of patients with AE-IPF [9]. Furthermore, in
a randomized double-blind phase-3 study conducted at 27
sites in Japan, thrombomodulin alpha did not improve the
90-day survival of patients with AE-IPF [10]. As a result, an
effective treatment for AE-IPF is lacking.

The polymyxin B—immobilized fiber column (PMX) was
originally developed to absorb endotoxins released by gram-
negative bacteria during sepsis [11]. Studies have demon-
strated the beneficial effects of direct hemoperfusion with
PMX (PMX-DHP) on mortality in patients with septic shock
[12,13]. PMX-DHP reportedly improves the oxygenation and
survival of patients with acute respiratory distress syndrome
[14,15]. Moreover, it reportedly has a favorable effect in pa-
tients with AE-IPF [16-20]. In a retrospective study by Enom-
oto et al. [17] of 31 patients with 41 AE-IPF episodes, the
12-month survival rate was significantly better in patients
treated with versus without PMX-DHP (48.2% vs. 5.9%,
respectively; p = 0.041). Furusawa et al. [18] reported that

https://doi.org/10.3904/kjim.2024.244

treatment with PMX-DHP significantly improved the partial
pressure of oxygen to fraction of inspiratory oxygen ratio
(P/F ratio) (median, 103.0 vs. 153.8, respectively; p = 0.005)
in 54 patients with acute exacerbations of interstitial lung
disease (AE-ILD) (IPF = 24, non-IPF = 30). However, to date,
no prospective study has evaluated PMX-DHP in patients
with AE-IPF. Therefore, in this study, we aimed to investi-
gate the effectiveness and safety of PMX-DHP treatment in
patients with AE-IPF.

METHODS

Study population

This open-label pilot study, prospectively conducted at Asan
Medical Center, Seoul, South Korea, from April 2021 to
May 2022, investigated the efficacy and safety of PMX-DHP
treatment in patients with AE-IPF. Eligible patients were
those aged 19-80 years and diagnosed with AE-IPF with
a P/F ratio > 100; those with impending respiratory failure
were excluded. All patients with IPF met the diagnostic crite-
ria of the American Thoracic Society (ATS)/European Respi-
ratory Society (ERS)/Japanese Respiratory Society (JRS)/Latin
American Thoracic Association statement [4]. Acute exac-
erbations were defined based on the criteria proposed by
Collard et al. [3] as a worsening of dyspnea (typically within
30 d) with new bilateral lung infiltration not fully explained
by heart failure or fluid overload and without an identified
extraparenchymal cause (pneumothorax, pleural effusion,
or pulmonary embolism). Acute exacerbations are further
classified into triggered or idiopathic types depending on
whether an underlying cause was identified. Patients with
severe respiratory failure requiring mechanical ventilation
or extracorporeal membrane oxygenation (ECMO) were
excluded to eliminate the detrimental effects of mechani-
cal ventilation. Patients with significant comorbidities that
could affect their survival, such as heart failure, renal/liver
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failure, hemodynamic instability, severe hemorrhagic dis-
ease, thrombocytopenia (platelets < 50,000/uL), or cardio-
vascular disease, were also excluded.

The study was registered at the Clinical Research Infor-
mation Service (registry number, KCT0003751; date of first
registration: April 12, 2021), and the study protocol was ap-
proved by the Institutional Review Board of Asan Medical
Center (approval number, 2017-1132). Written informed
consent was obtained from all participants. All methods

were performed in accordance with the relevant guidelines
and regulations.

The Korean Journal of Internal Medicine Vol. 40, No. 3, May 2025

PMX-DHP treatment

Eligible patients were admitted to the intensive care unit. A
double-lumen catheter was placed via a femoral approach,
and PMX-DHP (Toraymyxin 20R; Toray Medical CO., Ltd,
Tokyo, Japan) was performed twice for 6 hours (at 24-h in-
tervals) at a flow rate of 80-100 mL/min within 24 hours
of admission. Nafamostat mesylate or heparin sodium was
used for anticoagulation. Concurrently, all patients received
steroid pulse therapy (methylprednisolone 500 mg for 3 d).

Clinical data
Clinical and laboratory assessments were performed at

Table 1. Baseline characteristics of 90-day survivors versus non-survivors treated with PMX-DHP

Characteristic Total Non-survivors® Survivors® p value
Number of patients 10 7 3
Age (yr) 67.0 £ 6.0 65.6 +4.3 70.3+£9.0 0.271
Sex, male 8(80.0) 5(71.4) 3(100.0) 0.863
Ever-smokers 8 (80.0) 5(71.4) 3(100.0) 0.863
BMI (kg/m?) 241 +3.0 239+33 246+2.6 0.768
Period from IPF diagnosis to AE (mo) 18 (8-77) 26 (11-59) 10 (5-42) 0.424
Diagnosis, SLB (%) 1(10.0) 1(14.3) 0(0) >0.999
Pulmonary function test?

FVC, % predicted 56.2 £21.2 55.0 £ 201 60.5+33.2 0.769

FEV;, % predicted 61.3+16.7 59.7+174 670+ 18.4 0.620

Dlco, % predicted 356+ 171 311 +£14.3 51.0+22.6 0.160
6-min walk test?

Distance (m) 3234 +£124.8 295.6 £ 109.4 421.0 £ 168.3 0.232

Lowest SpO, (%) 84.6 £6.1 839+56 870+99 0.557
Cdl 2.900 2.857 3.000 0.849
Treatment within 3 months before acute exacerbation

Steroid 5(50.0) 5(71.4) 0(0) 0.168

Immunosuppressant 0(0) 0(0) 0 (0) >0.999

Pirfenidone 8(80.0) 6 (85.7) 2(66.7) >0.999
Preceding oxygen therapy 6 (60.0) 6 (85.7) 0(0) 0.067
Number of patients who experienced > 1 AE 3(30.0) 3(42.9) 0 (0) 0.547
Hospitalization duration (d) 6 (10-37) 19 (16-42.5) 10 (9-10.5) 0.033

Values are presented as mean + standard deviation, number (%), or median (interquartile range).

PMX-DHP, direct hemoperfusion with a polymyxin B—immobilized fi

ber column; BMI, body mass index; IPF, idiopathic pulmonary

fibrosis; AE, acute exacerbation; SLB, surgical lung biopsy; FVC, forced vital capacity; FEV,, forced expiratory volume in one second;

DLco, diffusing capacity of the lung for carbon monoxide; SpO,, pe
Index.
AThe non-survivors and survivors were classified at 90 days from the

ripheral arterial oxygen saturation; CCl, Charlson Comorbidity

time of admission.

®The median duration from the last pulmonary function test to the diagnosis of AE-IPF was 4.3 months.
9The median period from the last 6-min walk test to the diagnosis of AE-IPF was 5.3 months.
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baseline and after 24 and 48 hours. The following parame-
ters were assessed: vital signs, alveolar-arterial oxygen pres-
sure difference ([A-a]DO,), P/F ratio, sequential organ failure
assessment score, complete blood count profiles, prothrom-
bin time, estimated glomerular filtration rate, C-reactive
protein (CRP), lactate dehydrogenase (LDH), and Krebs von
den Lungen-6 (KL-6).

The spirometry parameters, total lung capacity by pleth-
ysmography, and diffusing capacity of the lung for carbon
monoxide (DL.) were measured according to the ATS/ERS
recommendations, and data most recent to the time of the
acute exacerbation diagnosis were collected [21-23]. The
results are expressed as percentages of normal predicted
values. A 6-min walk test was performed according to ERS/
ATS recommendations [24].

Outcomes

The primary endpoint was overall survival in patients with
AE-IPF at 90 days after starting PMX-DHP. The need for lung
transplantation was considered equivalent to death in terms
of outcomes. The secondary endpoint was overall survival
at 30 days after starting PMX-DHP. We also observed the
development of adverse events during PMX-DHP treatment
by evaluating potential complications, such as bleeding, he-
matoma, pneumothorax, local infection, heparin-induced
thrombocytopenia, electrolyte imbalance, hypotension, pul-
monary thromboembolism, and deep vein thrombosis.

Measurements of serum KL-6

Blood KL-6 levels were measured using a Nanopia KL-6 as-
say (Sekisui Medical, Tokyo, Japan). After blood collection,
all samples were immediately transported and centrifuged.
KL-6 concentration was measured using a latex-enhanced
immunoturbidimetric assay that detects changes in absor-
bance caused by agglutination.

Statistical analysis

All data are expressed as mean + standard deviation or me-
dian (interquartile range) for continuous variables and as
percentages for categorical variables. Continuous variables
were compared using Student’s t-test or the Mann-Whitney
U test, and categorical variables were compared using Pear-
son’s chi-squared test or Fisher's exact test. Paired t-tests
were used to compare the laboratory findings before and
after PMX-DHP treatment. Kaplan—Meier survival analysis
was performed to analyze the survival rate. Statistical analy-
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sis was performed using R software version 4.2.1 (R Founda-
tion for Statistical Computing, Vienna, Austria), and values
of p < 0.05 were considered statistically significant.

RESULTS

Baseline characteristics

Between April 2021 and May 2022, a total of 11 patients
with IPF were assessed for study eligibility, of whom 10 were
included. One patient was excluded from the study because
she had been intubated and required mechanical ventilation
before receiving PMX-DHP treatment. All 10 patients re-
ceived PMX-DHP treatment as planned, with no unexpected
events. Their baseline characteristics are shown in Table 1
and Supplementary Table 1. The mean patient age was
67.0 years, 80.0% were males, and the mean P/F ratio was
160.0. Of the enrolled patients, six (60.0%) had a triggered
acute exacerbation, all of which were caused by infections.
During follow-up (median, 42.5 d [interquartile range,
16.0-74.0 d]), seven (70.0%) patients died (including two
who underwent transplantation) for an in-hospital mortality
rate of 70%. The non-survivors had lower forced vital ca-
pacity, forced expiratory volume in one second, DL, and
minimum saturation of peripheral oxygen, as well as a short-
er 6-min walk distance than the survivors. Furthermore, the
non-survivors tended to have more frequent acute exacer-
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Figure 1. Kaplan—Meier survival curve of overall survival in pa-
tients with AE-IPF treated with PMX-DHP. During the median fol-
low-up of 42.0 days, the 30- and 90-day survival rates were 50%
and 30%, respectively. AE-IPF, acute exacerbation of idiopathic
pulmonary fibrosis; PMX-DHP, direct hemoperfusion with a poly-
myxin B—immobilized fiber column.

www.Kjim.org 461


www.kjim.org

KJ I MQ‘ The Korean Journal of Internal Medicine Vol. 40, No. 3, May 2025

bation episodes and receive more frequent home oxygen Clinical outcomes

therapy and corticosteroid treatment within the 3 months The overall survival of patients with AE-IPF treated with

prior to the diagnosis of AE-IPF than survivors. PMX-DHP is shown in Figure 1. The 30- and 90-day mortal-
ity rates from the time of admission were 50% and 70%,

Table 2. Changes in laboratory data after 48 hours of PMX-DHP treatment in patients with AE-IPF

Variable 0 hour 48 hours p value
(A-a)DO, (mmHg) 266.0 + 120.0 228.0+132.0 0.157
P/F ratio 160.0 + 70.8 229.0 + 158.0 0.054
CRP (mg/dL) 83x49 35+28 0.012
KL-6 (U/mL) 1,775.0 £ 981.0 1,811.0 £ 1,062.0 0.751
LDH (IU/L) 3175+ 142.0 3889 + 121.7 0.395
WBC count (x 10%/uL) 10.8 3.4 119+ 3.8 0.465
Platelet count (x 10%/pL) 261.4 +137.8 230.9 £ 105.8 0.110
eGFR (CKD-EPI) 915+ 13.7 90.7 + 17.6 0.811

Values are presented as mean + standard deviation.

PMX-DHP, direct hemoperfusion with a polymyxin B—immobilized fiber column; AE-IPF, acute exacerbation of idiopathic pulmo-
nary fibrosis; (A-a)DO,, alveolar-arterial oxygen pressure difference; P/F ratio, partial pressure of oxygen to fraction of inspiratory
oxygen ratio; CRP, C-reactive protein; KL-6: Krebs von den Lungen-6; LDH, lactate dehydrogenase; WBC, white blood cell; eGFR,
estimated glomerular filtration rate.
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Figure 2. Laboratory data after 48 hours of PMX-DHP treatment in survivors versus non-survivors with AE-IPF. P/F ratio, partial pressure
of oxygen to fraction of inspiratory oxygen ratio; (A-a)DO,, alveolar—arterial oxygen pressure difference; CRP, C-reactive protein; KL-6,
Krebs von den Lungen-6; PMX-DHP, direct hemoperfusion with a polymyxin B—immobilized fiber column; AE-IPF, acute exacerbation of
idiopathic pulmonary fibrosis.
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respectively. During hospitalization, two patients each un-
derwent mechanical ventilation and lung transplantation
after receiving PMX-DHP treatment, respectively.

Changes in laboratory data

Table 2 shows the changes in laboratory data after 48 hours
of PMX-DHP treatment in patients with AE-IPF. After 48
hours of PMX-DHP treatment, CRP levels were significantly
decreased (8.3 £ 4.9 vs. 3.5 + 2.8, respectively; p = 0.012).
P/F ratio and (A-a)DO, numerically improved beyond 48
hours after PMX-DHP treatment (P/F ratio: 160.0 + 70.8 vs.
229.0 + 158.0, p = 0.054; and (A-a)DO,: 266.0 + 120.0
mmHg vs. 228.0 + 132.0 mmHg, p = 0.157), while KL-6 lev-
els did not differ significantly (1,775.0 £ 981.0 vs. 1,811.0
+ 1,062.0, p = 0.751). No significant differences were ob-
served in LDH levels and white blood cell (WBC) counts after
48 hours of PMX-DHP treatment (LDH: 317.5 + 142.0 IU/L
vs. 388.9 + 121.7 IU/L, p = 0.395; and WBC count: 10.8 +
3.4 x 103/pLvs. 11.9 £ 3.8 x 103/uL, p = 0.465).

Figure 2 and Table 3 compare the changes in laboratory
parameters after 48 hours of PMX-DHP treatment between
the non-survivors and survivors. The non-survivors showed
lesser improvements in the (A-a)DO, over 48 hours than sur-
vivors (mean absolute changes over 48 h: -11.5 mmHg vs.
-99.3 mmHg, p = 0.048). The non-survivors also showed
lesser improvements in P/F ratio and serum KL-6 levels over

KJIM™

48 h than survivors without statistical significance (mean
absolute changes over 48 h: P/F ratio: 16.0 vs. 184.0,
p = 0.065; and KL-6 levels: 60.2 U/mL vs. -21.5 U/mL,
p =0.664).

Safety during the PMX-DHP treatment

No adverse events, including hemorrhage, hematoma,
pneumothorax, infection, heparin-induced thrombocyto-
penia, pulmonary thromboembolism, hypotension, or elec-
trolyte imbalance, were observed during or after PMX-DHP
treatment.

DISCUSSION

To our knowledge, this is the first prospective study to eval-
uate PMX-DHP treatment in patients with AE-IPF. Our find-
ings showed that PMX-DHP improved inflammation and
oxygenation among patients with AE-IPF but did not show
survival benefits. No adverse events were associated with
PMX-DHP treatment.

In our study, the 30- and 90-day overall mortality rates
were 50% and 70%, respectively, which were higher than
those in previous studies [17,25]. A retrospective study by
Abe et al. [25] reported that the overall mortality rates of
patients with AE-IPF treated with PMX-DHP were 29.9%

Table 3. Changes in laboratory data after 48 hours of PMX-DHP treatment in survivors versus non-survivors

Variable Non-survivors Survivors p value
(A-a)DO,, absolute (mmHg) -11.5+76.0 -99.3 +40.1 0.048
(A-a)DO,, relative (%) 1.32+274 -82.0 +38.9 0.046
P/F ratio, absolute 16.0 + 35.1 184.0 + 841 0.065
P/F ratio, relative (%) 15.3+£28.3 77.8 +3.72 < 0.001
CRP, absolute (mg/dL) -57+5.2 -2.8+3.8 0.368
CRP, relative (%) -45.8 £44.5 -4.1+£125.0 0.626
KL-6, absolute (U/mL) 60.2 +409.0 -21.5+164.0 0.664
KL-6, relative (%) 31+154 -0.2+12 0.728
Platelet count, absolute (103/L) -23.3+559 -473 + 575 0.577
Platelet count, relative (%) -6.9 + 245 -10.4 £ 12.5 0.774
eGFR, absolute (mL/min/1.73 m?) 1.4+113 -6.0+6.24 0.225
eGFR, relative (%) 218 +12.3 -8.52 £ 10.3 0.221

Values are presented as mean + standard deviation.

PMX-DHP, direct hemoperfusion with a polymyxin B—immobilized fiber column; (A-a)DO,, alveolar-arterial oxygen pressure differ-
ence; P/F ratio, partial pressure of oxygen to fraction of inspiratory oxygen ratio; CRP, C-reactive protein; KL-6, Krebs von den Lun-

gen-6; eGFR, estimated glomerular filtration rate.
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and 65.5% at 30 and 90 d, respectively. Enomoto et al.
[17] also reported a 12-month mortality rate of 51.8% in
31 patients with AE-IPF treated with PMX-DHP, which was
significantly lower than that of patients not treated with it
(94.1%). However, no significant survival benefits were not-
ed in our study compared with a historical control group in
a retrospective study by Song et al. [2], involving 90 patients
with AE-IPF, who reported a 1-year mortality rate of 73.1%.
The mean P/F ratio at admission in the study conducted by
Song et al. [2] was 253 + 83, while that in our study was
160.0 £ 70.8, indicating a higher severity among the en-
rolled patients in the present study. Notably, five non-survi-
vors (71.4% of non-survivors) had received corticosteroids
within the 3 months prior to the diagnosis of AE-IPF. Most
of these corticosteroids were used to treat previous episodes
of AE-IPF or coronavirus disease 2019-related pneumonia,
which could explain the low P/F ratio observed in the pres-
ent study. Our study findings were consistent with those of
a study conducted by Lee et al. [26] in South Korea involving
10 patients with AE-IPF that reported similar 30- and 90-day
mortality rates of 27.3% and 72.7%, respectively. The me-
dian P/F ratio in that retrospective study was 83; 60% of the
patients underwent mechanical ventilation, whereas 36.4%
received ECMO. Another retrospective study conducted by
Lee et al. [27] in South Korea involving 22 patients with AE-
ILD reported 28- and 90-day mortality rates of 45.5% and
72.7%, respectively, with a median P/F ratio of 116.3.

In this study, PMX-DHP treatment reduced inflammation,
as shown by decreased CRP levels after 48 hours in patients
with AE-IPF; however, no significant differences were ob-
served in LDH levels or WBC counts. Similarly, a retrospec-
tive study by Lee et al. [26] involving 10 patients with AE-ILD
(nine with IPF, one with fibrotic nonspecific interstitial pneu-
monia) showed improved levels of inflammatory markers,
including CRP and interleukin (IL)-6 (median CRP: 14 mg/dL
vs. 5 mg/dL, p = 0.019; and median IL-6: 79 pg/mL vs. 10
pg/mL, p = 0.018); however, WBC counts did not decrease
significantly. Enomoto et al. [17] also reported no signifi-
cant differences in LDH levels after PMX-DHP treatment in
a retrospective study involving 31 patients with 41 episodes
of AE-IPF. However, Lee et al. [27], in a retrospective study
involving 22 patients with AE-ILD (11 with IPF, 11 with
non-IPF) reported that both CRP levels and WBC counts
decreased after 48 hours of PMX-DHP treatment (median
CRP: 11.6 mg/dL vs. 5.8 mg/dL, p = 0.049; median WBC:
13.9 x 103/uL vs. 8.3 x 103/uL, p = 0.002). Moreover, a

464 www.kjim.org

The Korean Journal of Internal Medicine Vol. 40, No. 3, May 2025

retrospective study by Oishi et al. [28] involving nine patients
with AE-IPF reported that the levels of CRP and inflammato-
ry cytokines, including IL-9, IL-12, and IL-17, decreased after
PMX-DHP treatment.

Our study showed no significant improvement in KL-6 lev-
els after 48 hours of PMX-DHP treatment. However, KL-6
levels increased among the non-survivors following treat-
ment. Furusawa et al. [18], in a study involving 54 patients
with AE-ILD (24 with IPF, 30 non-IPF), reported no signifi-
cant changes in KL-6 levels after PMX-DHP treatment (me-
dian values: 1,614 U/mL vs. 1,733 U/mL, p = 0.065), which
is in line with our results. In contrast, Seo et al. [20] reported
that serum KL-6 levels decreased after PMX-DHP treatment
in four out of six patients with AE-IPF. A study by Choi et al.
[29], including 96 patients with AE-ILD (58 with IPF, 38 non-
IPF), reported that the increase in KL-6 levels over 1 week
after hospitalization was higher in non-survivors than in sur-
vivors, and suggested that the relative changes in KL-6 level
could predict in-hospital mortality among patients with AE-
ILD. The lack of improvement in KL-6 levels in our study may
be due to the high mortality rate observed in most patients
included herein.

In our study, PMX-DHP treatment improved oxygenation
in patients with AE-IPF. The multicenter retrospective study
by Abe et al. [25] reported that the P/F ratio improved after
PMX-DHP treatment in 73 patients with AE-IPF. Qishi et al.
[30] investigated the effects of PMX-DHP treatment in 50
patients with AE-IPF by comparing a group that received
PMX-DHP treatment (n = 27) with a group that did not
(n = 23) and found significant improvement in the P/F ratio
in the former (mean P/F ratio: 59.0 + 15.9 vs. 2.2 + 17.2,
p = 0.044).

The mechanism by which PMX-DHP improves oxygen-
ation in patients with AE-IPF remains unclear. Several stud-
ies have suggested that PMX-DHP can absorb inflammatory
mediators. Seo et al. [20] reported that IL-6, IL-8, and plas-
minogen activator inhibitor 1 levels decreased after PMX-
DHP treatment in six patients with AE-IPF. In a study of 33
patients with rapidly progressive interstitial pneumonia (17
with idiopathic interstitial pneumonia [IIP], 16 non-IIP), Hara
et al. reported decreased serum levels of monocyte chemo-
attractant protein-1 (MCP-1) after PMX-DHP treatment [19].
In addition, in a study of two patients with AE-ILD (one with
microscopic polyangiitis-associated ILD, the other with IPF),
Noma et al. [31] reported that high mobility group box 1
(HMGB1), MCP-1, IL-6, and IL-8 levels were reduced after
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PMX-DHP treatment. Moreover, Abe et al. [16,32] observed
that HMGB1, matrix metalloproteinase-9, and activated
neutrophils were reduced in patients with AE-IPF. Oishi et
al. [28] showed that proinflammatory (IL-9, -12, -17, -1,
-9, and -23) or profibrotic cytokines (platelet-derived growth
factor, fibroblast growth factor, and transforming growth
factor-B) were absorbed onto PMX fibers after PMX-DHP
treatment in nine patients with AE-IPF.

No adverse events were observed with PMX-DHP treat-
ment in our study, in line with the results of previous stud-
ies [26,27]). Abe et al. [25] reported that 12 of 160 (8.0%)
patients developed mild thrombocytopenia after PMX-DHP
treatment but recovered quickly without transfusion, while
no patients discontinued treatment due to adverse events.
Meanwhile, of the 50 patients with AE-IPF, OQishi et al. [30]
reported that one developed mild thromboembolism and
was treated with an anticoagulant, one experienced mild lo-
cal hematoma after a femoral puncture that resolved spon-
taneously, and several developed mild thrombocytopenia
but recovered without transfusion.

Our study had some limitations. First, the sample size was
too small to achieve statistical significance. However, this
pilot study was performed in preparation of a large-scale
investigation. Further validation is required based on our
findings. Second, the study was conducted at a single cen-
ter with an entirely Korean population, which may limit the
generalizability of our findings. However, the baseline char-
acteristics of this population were similar to those in previous
studies [26,27]. Third, this study included no control group;
therefore, it was difficult to precisely evaluate the effects of
PMX-DHP treatment. However, considering that the results
of previous studies were consistent with those of our study,
the therapeutic effects of PMX-DHP seem insignificant
[26,27]. A future randomized controlled trial is expected to
enable a comprehensive analysis of its treatment effects to
enable a more robust evaluation. Nevertheless, this study is
prospective in nature, which allows it to overcome some of
the limitations associated with retrospective research, such
as selection bias, recall bias, and missing data.

In conclusion, our results suggest that PMX-DHP treat-
ment may improve oxygenation and reduce inflammation in
patients with AE-IPF with an acceptable safety profile; how-
ever, it does not provide a survival benefit.
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KEY MESSAGE

1. PMX-DHP treatment may help to reduce inflam-
mation and improve oxygenation in patients with
AE-IPF.
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Supplemntary Table 1. Comparison of comorbidity between the 90-day-survivors and nonsurvivors treated with PMX-DHP

Characteristic Total Non-survivors? Survivors® p value
Lung cancer 1(10.0) 0(0.0) 1(33.3) >0.999
Diabetes mellitus 1(10.0) 0(0.0) 1(33.3) >0.999
Ischemic heart disease 0(0.0) 0(0.0) 0(0.0) >0.999
CVA 1(10.0) 1(14.3) 0(0.0) > 0.999
COPD 1(10.0) 0(0.0) 1(33.3) >0.999
cal 2.900 2.857 3.000 0.849

Values are presented as number (%).

PMX-DHP, direct hemoperfusion with a polymyxin B—immobilized fiber column; CVA, cardiovascular accidents, COPD, chronic ob-
structive pulmonary disease, CCl, Charlson Comorbidity Index.

AThe nonsurvivors and survivors were classified at 90 days from the time of admission.
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