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Background: Acute exacerbation of interstitial lung disease (AE-ILD) causes clinically signifi-
cant deterioration and has an extremely poor prognosis with high mortality. Recently, several
studies reported the effectiveness of direct hemoperfusion with a polymyxin B-immobilized
fiber column (PMX-DHP) in patients with AE-ILD as a potential therapy. This study describes
the clinical effectiveness and safety of PMX-DHP in patients with AE-ILD.

Methods: We retrospectively reviewed the medical records of 10 patients (11 episodes) with
AE-ILD treated with PMX-DHP from January 2018 to June 2019. We compared laboratory and
physiologic data of the ratio of partial pressure arterial oxygen to fraction of inspired oxygen
(P/F ratio) and level of inflammatory markers before and after implementation of PMX-DHP.
Results: Ten patients were included according to the 2016 revised definition of acute exacer-
bation of idiopathic pulmonary fibrosis (IPF). Nine patients had IPF and one patient had fi-
brotic nonspecific interstitial pneumonia. Most patients (90.9%) were treated with a steroid
pulse, and four patients (36.4%) were treated with an immunosuppressant. The median num-
ber of PMX-DHP cycles was 2, and the median duration of each cycle was 6 hours. After PMX-
DHP, the mean P/F ratio improved (86 [range, 63-106] vs. 145 [86-260], P=0.030) and inter-
leukin-6 and c-reactive protein decreased (79 [35-640] vs. 10 [5-25], P=0.018 and 14 [4-21]
vs. 5 [2-6], P=0.019, respectively). The 30-day mortality rate was 27.3% and the 90-day mor-
tality rate was 72.7%.

Conclusions: PMX-DHP treatment improved P/F ratio and reduced inflammatory markers in
AE-ILD patients.

Key Words: acute exacerbation; idiopathic pulmonary fibrosis; interstitial lung disease; poly-
myxin B-immobilized fiber column

INTRODUCTION

Acute exacerbation of interstitial lung disease (AE-ILD) is a life-threatening event with very
poor prognosis [1]. The mortality for idiopathic pulmonary fibrosis (IPF) is estimated at great-
er than 50%, with a median survival of only 1-4 months [2-5]. Despite increasing recognition
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and intervention efforts for AE-ILD, no treatment has demon-
strated clinical benefit. Corticosteroids and immunosuppres-
sive drugs have been used to treat AE-ILD patients, but new
therapies with high efficacy are needed.

Polymyxin B-immobilized fiber column (PMX-DHP) was
originally developed to adsorb endotoxins released by Gram-
negative bacteria during septic shock [6]. Other studies have
found that PMX-DHP might be useful for patients with acute
respiratory distress syndrome and acute lung injury, which
are pathologically characterized by diffuse alveolar damage
[7,8]. The actual mechanism of PMX-DHP in AE-ILD patients
is not understood well. However, an in vitro study recently
suggested that absorption of various cytokines involved in in-
flammation, fibrosis, and vascular permeability might be as-
sociated with the positive impacts of PMX-DHP treatments
[9]. Several recent reports have shown that PMX-DHP treat-
ment has beneficial effects on oxygenation, inflammatory-
marker removal, and long-term outcomes in AE-ILD patients
[10-12]. However, the clinical outcomes and survival benefits
have not been accurately evaluated. In addition, most previ-
ous studies were performed in Japan. Therefore, the aim of
this study was to evaluate the clinical effects and safety of PMX-
DHP in Korean patients with AE-ILD.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board of
Haeundae Paik Hospital (IRB No. 2019-08-021), and the re-
quirement for written informed consent was waived due to

the retrospective nature.

Study Subjects

Clinical data from 10 AE-ILD patients (11 AE episodes) who
were treated with PMX-DHP from January 2018 to June 2019
at Haeundae Paik Hospital, Busan, Republic of Korea, were
retrospectively analyzed. Diagnosis of ILD was based on in-
ternational guidelines [13,14]. The diagnostic criteria for AE-
ILD based on Collard et al. [15] were as follows: (1) previous
or concurrent IPF diagnosis; (2) acute worsening or develop-
ment of dyspnea typically within the past month; (3) high-res-
olution computed tomography (HRCT) with new bilateral
ground-glass opacity and/or consolidation superimposed on
a background pattern consistent with a typical interstitial pneu-
monia pattern; and (4) deterioration not fully explained by car-
diac failure or fluid overload [15].
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= Polymyxin B-immobilized fiber column (PMX-DHP)
treatment for acute exacerbation of interstitial lung dis-
ease (AE-ILD) patients improved the ratio of partial
pressure arterial oxygen to fraction of inspired oxygen
and decreased inflammatory markers, which might im-
prove clinical outcomes.

= Further studies including a double-blind randomized
controlled study are needed to confirm the clinical ef-
fects and survival benefit of PMX-DHP in AE-ILD pa-
tients.

Clinical Information

Baseline characteristics and survival data were obtained from
medical records. Spirometry, diffusing capacity of the lung for
carbon monoxide (DLCO), and forced vital capacity (FVC)
were determined according to recommendations from the
American Thoracic Society (ATS) and the European Respira-
tory Society and are reported as percentage of normal pre-
dicted value [16,17]. The 6-minute walk test (6MWT) was per-
formed according to ATS guidelines [18]. IPF severity was
classified according to gender-age-physiology (GAP) models,
which were used to predict IPF progression [19].

PMX-DHP Treatment

After AE-ILD diagnosis, patients were treated with a cortico-
steroid pulse (500 mg or 1 g of methylprednisolone over 1 day)
and antibiotics as conventional therapy. Simultaneously, PMX-
DHP treatment was started after diagnosis in patients with se-
vere AE-ILD. PMX-DHP treatment was performed for 6 hours
per day over two consecutive days using a PMX column (Toray-
myxin 20R; Toray Medical, Tokyo, Japan). Before use, a PMX-
fiber cartridge was rinsed with 4 L physiological saline and
primed with 2,000 U heparin sodium dissolved in 0.5 L saline.
Blood access for direct hemoperfusion with PMX-DHP was
obtained using a double-lumen catheter inserted into the jug-
ular or femoral vein. The PMX-fiber cartridge was connected
to a polymethyl methacrylate membrane (Hemofeel CH-1.0N,
Toray Medical) that returned blood to the femoral vein. The
hemoperfusion flow rate was 120-150 mL/min. Nafamostat
mesilate (NM; Toril Pharmaceuticals, Tokyo, Japan) was ad-
ministered into a continuous renal replacement therapy cir-
cuit as a regional anticoagulant.

Assessment of PMX-DHP Effects

Serum inflammatory markers of white blood cells (WBCs), c-
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reactive protein (CRP), interleukin (IL)-6, and the ratio of par-
tial pressure arterial oxygen to fraction of inspired oxygen (P/
F ratio) were measured before and 48 hours after PMX-DHP
treatment. IL-6 level was measured by electrochemilumines-
cence immunoassay using the Cobas e411 analyzer (Hitachi
High-Technologies, Tokyo, Japan). We compared the results
before and 48 hours after PMX-DHP treatment.

Statistical Analysis

Data are presented as frequency with percentage for categori-
cal variables and as median and interquartile range for con-
tinuous variables. Paired t-test or Wilcoxon'’s signed-rank test
was performed for comparison between two assessment time
points. To determine normal distribution, we used the Shap-
iro-Wilk test. The generalized linear mixed model was em-
ployed for longitudinal data to adjust covariates. Cox’s multi-
variate regression models were fit to identify prognostic fac-
tors independently related to overall survival, which was esti-
mated using the Kaplan-Meier curve with spaghetti plots for
data visualization. All statistical analyses were performed us-
ing IBM SPSS ver. 24.0 (IBM Corp., Armonk, NY, USA), and P-
values <0.05 were considered statistically significant.

RESULTS

Baseline Clinical Characteristics

Ten patients (11 episodes) were included in this study. Nine
patients (10 episodes) were clinically diagnosed with IPF and
one patient was diagnosed with fibrotic nonspecific interstitial
pneumonia by surgical lung biopsy. The median patient age
was 66 years (range, 62-74 years), and seven patients (63.6%)
were male. The median duration from diagnosis of ILD to acute
exacerbation of ILD was 13 months (range, 3-32 months). Three
patients (27.3%) had a history of lung cancer. Most patients
showed moderately restrictive lung function (median FVC,
51% of predicted; range, 47%-66%) and low DLCO (median,
37% of predicted; range, 35%-46%) on pulmonary function
testing. Functional capacity (total distance and de-saturation
during 6 MWT) was poor. According to GAP stage, IPF severity
was classified as stage I, I, or III, with stage IT being most com-
mon (54.5%). The median baseline Sequential Organ Failure
Assessment (SOFA) score was 5 (range, 4-6), and six patients
(54.5%) suffered shock during their initial intensive care unit
admission. At AE-ILD diagnosis, the median initial P/F ratio
was 86 (range, 64-107), representing severe hypoxemia, and
90% of patients received steroid pulse therapy, while 36.4%
were concomitantly treated with immunosuppressants. Dur-
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Table 1. Characteristic of patients treated with PMX-DHP

Characteristics Value
Age (yr) 66 (62-74)
Male sex 7 (63.6)
BMI (kg/m?) 24.1(20.0-24.9)
Lung cancer 3(27.3)
Hypertension 2(18.2)
Diabetes mellitus 1(9.1)
Period from ILD diagnosis to AE (mo) 13(3-32)
GAP stage (L:11:111) 2:6:3
SOFA score 5 (4-6)
Pulmonary function
FVC, % predicted 51 (47-66)
FVC, L measured 2.1(1.6-2.5)
DLCO, % predicted 37 (35-46)
DLCO, L measured 7.2 (5.7-8.3)
6-Minute walk test 11 (100.0)
Distance (m) 345 (209-390)
Initial SpO2 (%) 97 (90-98)
Lowest SpO: (%) 87 (76-93)
Initial P/F ratio 86 (64-107)
Pa0, (mm Hg) 64 (52-71)
PaCO, (mm Hg) 34 (33-40)

Serum WBC (x 10°/L) 16,260 (14,400-22,210)
Serum CRP (mg/dl) 14.9 (3.7-20.7)
Serum LDH (U/L) 466 (428-582)
Serum lactate (mmol/L) 2.0(1.5-3.0)
Shock® 6 (54.5)
Mechanical ventilation 7 (63.6)
Steroid pulse therapy 10 (90.9)

500 mg methylPD per day 5 (45.5)

1 g methylIPD per day 5(45.5)
Immunosuppressant 4(36.4)

Cyclosporin 4(36.4)

Cyclophosphamide 2(18.2)
ECMO 4(36.4)
30-Day mortality 3(27.3)
90-Day mortality 8(72.7)

Values are presented as median (interquartile range) or number (%).
PMX-DHP: polymyxin B-immobilized fiber column; BMI: body mass index;
ILD: interstitial lung disease; AE: acute exacerbation; GAP stage: gender-
age-physiology stage; SOFA: Sequential Organ Failure Assessment; FVC:
forced vital capacity; DLCO: diffusing capacity of the lung for carbon
monoxide; Sp0,: saturation of peripheral oxygen; P[F ratio: the ratio of
partial pressure arterial oxygen to fraction of inspired oxygen; WBC: white
blood cell; CRP: C-reactive protein; LDH: lactate dehydrogenase; methyl-
PD: methylprednisolone; ECMO: extracorporeal membrane oxygenation.
*Shock: use of inotropic agent or vasopressor to maintain adequate tis-
sue perfusion (mean arterial pressure greater than 65 mm Hg).
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Table 2. Changes in P/F ratio, IL-6, WBC, and CRP after 48 hours of PMX-DHP treatment

AT

Variable Before 1st session 48 Hours later Crude P-value Adjusted P-value®
P[F ratio 86 (63-106) 145 (86-260) 0.030 0.035
IL-6 (pg/ml) 79 (35-640) 10 (5-25) 0.018 0.408
WBC (x 10%/L) 16,260 (14,400-22,210) 14,070 (9,132-23,917) 0.386 0.608
CRP (mg/dl) 14 (4-21) 5(2-6) 0.019 0.024

Values are presented as median (interquartile range).

P/F ratio: the ratio of partial pressure arterial oxygen to fraction of inspired oxygen; IL: interleukin; WBC: white blood cell; CRP: C-reactive protein;

PMX-DHP: polymyxin B-immobilized fiber column.

*P-values were adjusted for application of mechanical ventilation, use of steroid pulse therapy, steroid dose, and use of immunosuppressant.

P=0.019
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Figure 1. Comparison of white blood cell (WBC), C-reactive protein (CRP), interleukin (IL)-6, and the ratio of partial pressure arterial oxy-
gen to fraction of inspired oxygen (P/F ratio) at 48 hours after polymyxin B-immobilized fiber column (PMX-DHP) treatment. (A) WBC
count, (B) CRP, (C) IL-6, (D) P/F ratio. Serum levels of CRP and IL-6 were decreased after 48 hours of PMX-DHP. The P/F ratio was improved
after 48 hours of PMX-DHP. There was no change in WBC count at after 48 hours of PMX-DHP. The horizontal bars indicate median values.
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Figure 2. Kaplan-Meier survival curve for patients with acute ex-
acerbation of interstitial lung disease (AE-ILD) treated with poly-
myxin B-immobilized fiber column (PMX-DHP). In patients with
AE-ILD treated by PMX-DHP, the 30-day mortality rate was 27.3%
and the 90-day mortality rate was 72.7%.

ing treatment with PMX-DHP, six patients (seven episodes)
required mechanical ventilator support, and four patients were
supported by high-flow nasal cannula (HFNC). After treatment
with PMX-DHP, four patients (36.4%) were treated with veno-
venous extracorporeal membrane oxygenation (ECMO) ther-
apy, one of whom survived (Table 1).

Details and Effects of PMX-DHP

The median time from AE-IPF onset to PMX-DHP application
was 2 days (range, 0-3 days). The median number of PMX-
DHP cycles was 2 (range, 2-3), and the median cycle duration
was 6 hours (range, 6-8 hours). The median total duration of
PMX-DHP treatment was 12.0 hours (range, 12-24 hours). NM
was used as an anticoagulant in all patients, and there were
no complications associated with hemoperfusion. At 48 hours
after treatment, IL-6 and CRP decreased (Table 2), change in
WBC was not significant, and the P/F ratio was improved sig-
nificantly (86 [range, 63-106] vs. 145 [range, 86-260], P=0.030)
compared to pretreatment values (Figure 1). However, after
adjusting for mechanical ventilation, use of steroid pulse ther-
apy, steroid dose, and use of immunosuppressant, improve-
ment of P/F ratio and decrease of CRP remained significant,
but change in IL-6 did not.

Survival Analysis

During the follow-up period, the survival rate from the time of
AE onset using Kaplan-Meier analysis was 72.7% at 30 days
and 27.3% at 90 days (Figure 2). The median survival period
was 48 days (range, 8-570 days). Among four patients who re-
ceived ECMO, 1 (25%) was weaned from treatment and sur-
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respiratory failure including pneumonia (57.1%), followed by
multi-organ failure (28.6%) and cardiovascular events (14.3%).

DISCUSSION

In our study, the clinical effects of PMX-DHP in AE-ILD pa-
tients were similar to those reported previously. PMX-DHP
improved the P/F ratio and removal of inflammatory markers
compared with pre-PMX-DHP treatment levels. Despite clini-
cal improvement including P/F ratio and removal of inflam-
matory markers, mortality was high and clinical improvement
did not result in survival for most patients. There were no ad-
verse events associated with PMX-DHP treatment.

Several previous studies reported that PMX-DHP treatment
reduces many kinds of inflammatory markers [6,20,21]. Oishi
etal. [22] reported that, in nine AE-IPF patients who were treat-
ed with PMX-DHP, serum CRP, IL-9 (median, 35.6 pg/ml vs.
28.2 pg/ml; P=0.011), and IL-12 (median, 38.8 pg/ml vs. 12.6
pg/ml; P=0.004) significantly decreased after treatment. In a
study including 14 patients (20 episodes) treated with PMX-
DHP, Enomoto et al. [23] reported a significant change in neu-
trophil count (1,095 + 1,649 vs. 6,166+ 1,406, P=0.031) and an-
giopoietin-2 before and after PMX-DHP. Our study also con-
firmed the effectiveness of PMX-DHP as an inflammatory-
marker reducer, where we found significant differences in
IL-6 and CRP but not in WBC. Among many inflammatory
markers or cytokines, we examined CRP and serum IL-6 be-
cause IL-6 was previously established as a useful biomarker
for AE-ILD given its roles as a soluble mediator with pleiotro-
pic effects on inflammation, immune response, and fibrosis
[24]. Papiris et al. [25] compared cytokine levels between 23
stable IPF and 19 AE-IPF patients and reported that high IL-6
level is characteristic of AE-IPE, and that increased IL-6 is as-
sociated with worse outcomes.

Previous studies found that PMX-DHP treatment improved
the P/F ratio in AE-ILD patients. Our study also showed that
PMX-DHP treatment had a tendency to improve the P/F ratio.
A previous study of five AE-IPF patients who received PMX-
DHP corroborates our findings of improved P/F ratio (170.0+
119.4 vs. 217.1+129.6, P=0.02) [26]. The actual mechanism of
oxygenation improvement by PMX-DHP is not understood
fully, but Abe et al. [27] suggested that active and inflammatory
neutrophils that are absorbed by the PMX column play a role.

Our 30-day mortality rate was 27.3% and the 90-day mortal-
ity rate was 72.7%, which is higher than in other reports [28,29].
In our study, the pre-PMX-DHP treatment P/F ratio was very
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low (median, 86; range, 63-106), suggesting that our patient
population was critically ill despite rapid application of PMX-
DHP (median time from AE-IPF onset to PMX-DHP: 2 days).
In addition, all patients were treated for severe respiratory
failure with mechanical ventilation and HENC in the intensive
care unit. We assume that the disease severity of our enrolled
AE-ILD patients might be the reason for our high mortality
rate. In addition, clinical improvement did not result in long-
term survival in most patients. This could be because short-
term clinical improvement was not enough to avoid continu-
ous mechanical ventilation or ECMO care, which is critical to
survival. However, the effect of clinical improvement from
PMX-DHP on survival benefit was uncertain in this study. As
a pilot study, this will be helpful for additional large-scale and
well-designed studies in the near future in Korea.

This study has some limitations. First, this was a small retro-
spective study at a single center. However, patients were treated
with almost the same protocol, including PMX-DHP and con-
ventional AE-ILD treatment by a single pulmonologist. All pa-
tients were treated with PMX-DHP within 4 days of AE-ILD
onset. This study was composed of data gathered within a two-
year period, reducing bias from varied medical conditions
over time. Second, there was no control group (without PMX-
DHP treatment), so it was difficult to accurately assess the ef-
fect of PMX-DHP treatment. Third, we could not examine all
inflammatory markers and cytokines that could be important.
It is possible that other inflammatory markers and cytokines
are relevant to AE-ILD pathogenesis.

In conclusion, PMX-DHP treatment for AE-ILD patients
showed improvement in the P/F ratio and a decrease in in-
flammatory markers. For some patients, these improvements
in clinical aspects might lead to better clinical outcomes. To
confirm the clinical effects and survival benefits of PMX-DHP
in AE-ILD patients, more studies are needed, including a dou-
ble-blind, randomized, controlled study.
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