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Abstract

Purpose: Polymyxin B-immobilized hemoperfusion (PMX-HP) is an adjuvant therapy for sepsis or septic shock that
clears circulating endotoxin, Prior trials have shown that PMX-HP improves surrogate endpoints. We aimed to conduct
an evidence synthesis to evaluate the efficacy and safety of PMX-HP in critically ill adult patients with sepsis or septic
shock.

Methods: We searched for randomized controlled trials (RCTs) in MEDLINE, EMBASE, the Cochrane Library, the Health
Technology Assessment Database, CINAHL, “Igaku Chuo Zasshi’, the National Institute of Health Clinical Trials Register,
the World Health Organization International Clinical Trials Registry Platform, the University Hospital Medical Informa-
tion Network Clinical Trials Registry, the reference lists of retrieved articles, and publications by manufacturers of PMX-
HP. The primary outcomes were 28-day all-cause mortality, the number of patients with at least one serious adverse
event, and organ dysfunction scores. The GRADE methodology for the certainty of evidence was used.

Results: Six trials (857 participants; weighted mean age 62.5 years) proved eligible. Patient-oriented primary out-
comes were assessed. The pooled risk ratio (RR) for 28-day mortality associated with PMX-HP was1.03 [95% confi-
dence interval (Cl) 0.78-1.36; > = 25%; n = 797]. The pooled|RR|foriadverse events was|2.17(95% Cl 0.68-6.94; P = 0%;
n = 717). Organ dysfunction scores over 24-72 h after PMX-HPtreatment did not change'significantly (standardized
mean difference — 0.26; 95% Cl — 0.64 t0 0.12; I = 78%; n = 797). The certainty of the body oflevidence was judged
aslow for both benefit and harm using the GRADE methodology.

Conclusions: There is currently insufficient evidence to support the routine use of PMX-HP to treat patients with
sepsis or septic shock.

Registration: PROSPERO International Prospective Register of Systematic Reviews (CRD42016038356).
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Introduction

Sepsis remains desperately fatal and septic shock has a
hospital mortality rate as high as 20-50% worldwide [1—
5]. Many interventions have been evaluated to improve
the prognosis of sepsis, but large multi-centered trials of
various therapies have failed to demonstrate consistent
benefit [6]. As fundamental elements of sepsis treatment,
including timely and appropriate antimicrobial therapies,
adequate fluids, and vasopressors, have not changed for
decades [7, 8], there currently is dire need for new and
effective therapies.

Endotoxin, a principal component of the outer mem-
brane of Gram-negative bacteria, is recognized as a
potent mediator of the host response to infection and
development of sepsis [9]. Studies measuring endotoxin
levels in patients with septic shock have found that high
levels of endotoxin activity correlated with worse clini-
cal outcomes [10, 11]. Polymyxin B (PMX) is a cyclic
cationic polypeptide antibiotic with high affinity for
endotoxin. A novel strategy whereby PMX is bound
and immobilized to polystyrene fibers in a hemoperfu-
sion device was developed in Japan [12, 13]. The sug-
gested mechanism of PMX hemoperfusion (PMX-HP)
is to remove circulating endotoxin by adsorption, which
modulates and limits the maladaptive host response to
infection and the progression of the organ injury cas-
cade of sepsis.

Selected clinical trials have suggested PMX-HP can
improve the physiological profile of patients with sepsis
[14—16]; however, it remains uncertain whether PMX-HP
can reproducibly improve patient outcomes, as the trials
have largely focused on surrogate endpoints or have been
underpowered to detect effects on clinically important
outcomes [16]. Additional studies have recently been com-
pleted evaluating PMX-HP, including two large multi-cen-
tre randomized controlled trials (RCTs) [17, 18].

We therefore conducted an [up-to-date systematic
review and evidence synthesis evaluating the impact
of PMX-HP as an adjuvant therapy for critically ill
adult patients with sepsis or septic shock on clinical
outcomes and health services utilization. We hypoth-
esized that use of PMX-HP would improve survival
among adult critically ill patients with sepsis or septic
shock.

Methods

Protocol and registration

This systematic review was conducted using guide-
lines in the Cochrane Collaboration and Centre for
Reviews and Dissemination and reported according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guideline [19]. The protocol has
been registered with the PROSPERO International

Prospective Register of Systematic Reviews; registration
number CRD42016038356, and published in full else-
where [20].

Eligibility criteria

All relevant RCTs that investigated the effect of PMX-
HP for patients with sepsis or septic shock were
included. The primary research question was “what is
the efficacy, effectiveness and potential harm of PMX-
HP compared with standard therapy?” We obtained all
relevant studies irrespective of language or publication
status. Adults aged 18 years or older with sepsis, severe
sepsis or septic shock were included. The diagnosis of
sepsis was based on clinically suspected or documented
systemic infection with any signs of systemic inflamma-
tory response syndrome. Septic shock was classically
defined as hypotension resistant to fluid administra-
tion and requiring norepinephrine or other vasopres-
sors [21]. The intervention was use of the PMX-HP
for the adjuvant treatment of sepsis or septic shock.
The comparison was standard treatment only or sham
hemoperfusion. Primary outcomes were 28-day all-
cause mortality, the number of patients with at least
one serious adverse event, and organ dysfunction scores
[22] over 24-72 h after the treatment. Secondary out-
comes included 90-day all-cause mortality, mean arte-
rial blood pressure over 24—72 h after the treatment,
endotoxin levels over 24—72 h after the treatment, dura-
tion of vasopressor therapy or vasopressor-free days,
the receipt of renal replacement therapy (RRT), costs
related to health services, and total mortality defined
as mortality at 28 days or any follow-up duration when
available.

Information sources

The search strategy was developed in collaboration with
an experienced health research librarian. We searched
MEDLINE (from the inception to Oct 2017), EMBASE,
the Cochrane Library, the Health Technology Assess-
ment Database, Cumulative Index to Nursing and Allied
Health Literature, Pubmed, and “Igaku Chuo Zasshi” of
the Japan Medical Abstract Society (from the inception
to June 2016). The search strategies for MEDLINE were
developed and were modified for searching all the other
databases (eMethod 1). The search strategies were fur-
ther peer-reviewed by a second research librarian [23].
For ongoing trials, we searched the National Institute of
Health Clinical Trials Register, the World Health Organi-
zation International Clinical Trials Registry Platform, and
the University Hospital Medical Information Network
Clinical Trials Registry. We also searched citations from
all included studies. We contacted experts in the field of
critical care nephrology and selected commercial entities
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that develop or license PMX-HP to identify additional
unpublished and/or on-going trials.

Study selection

Two authors independently screened titles and abstracts
of all trial reports we identified by the search to code
them as ‘retrieve’ (eligible or potentially eligible/unclear)
or ‘do not retrieve’ The full texts of reports classified as
‘retrieve’ were reviewed independently according to
predetermined eligibility criteria. Discrepancies were
resolved through discussion with a third reviewer, as
required. We identified and excluded duplicates of the
same study.

Data collection process

Two reviewers independently extracted data using stand-
ardized and piloted data extraction sheets. We abstracted
the following information: study characteristics, patient
characteristics, sample size, interventions, comparators,
potential biases in the conduct of the trial, outcomes,
methods of statistical analysis, and funding support.
Agreement between the two reviewers concerning the
primary outcome and the risk of bias for the primary
outcome was reported as percentage agreement with an
intra-class correlation coefficient, and percentage agree-
ment with a weighted kappa, respectively.

Assessment of risk of bias in individual studies

Two reviewers independently assessed the risk of bias
of the included studies using the tool described in the
Cochrane Handbook for Systematic Reviews of Interven-
tions [24], which consists of eight domains (eTable 1).
The risk of bias assessment was done at the outcome level
for the primary outcomes. When the original reports
provided insufficient details, we made direct inquiry of
the study authors. When the assessors disagreed, the
final rating was decided through discussion or with the
involvement of another member of the review group, if
necessary. The key domain of risk of bias for 28-day mor-
tality was allocation concealment. The overall risk of bias
was also summarized in further subgroup analyses. More
details of assessment of risk of bias is provided in the pro-
tocol [20].

Summary measures

As the measure of treatment effect for dichotomous out-
comes, we used the risk ratio (RR) and its 95% confidence
interval (CI). Continuous outcomes were pooled by cal-
culating the mean difference (MD) with a 95% CI except
for organ dysfunction scores. As the data for the organ
dysfunction scores were available in the sepsis-related
organ failure assessment (SOFA) score [25] or multi-
ple organ dysfunction score [26] (MODS), we pooled

standardized mean differences (SMDs) with a 95% CI
[27].

Synthesis of results

We analyzed data from the included studies using Review
Manager [28]. The proportion of treatment failure was
calculated according to the intention-to-treat (ITT)
principle. All randomized patients for whom outcome
data were not available were assumed as no events. The
effect of imputation was explored by a sensitivity analy-
sis. Given the clinical heterogeneity including variability
in the etiologies of sepsis in the population of interest,
we used a random-effects model in all analyses [29]. We
assessed overall heterogeneity by visual inspection of the
forest plots, and statistical heterogeneity using the I sta-
tistic and Chi-squared test. I* values above 50% were con-
sidered to represent substantial statistical heterogeneity.
To assess reporting bias, we constructed funnel plots, and
visual inspection was performed to investigate the asym-
metry. Certainty of the body of evidence was assessed
using the grading of recommendations assessment,
development and evaluation (GRADE) framework [30].
The GRADE framework characterizes the certainty of a
body of evidence on the basis of study limitations, impre-
cision, inconsistency, indirectness, and other considera-
tions. The starting point for certainty in each estimate is
high, but is downgraded according to the assessments of
these five domains if there are serious concerns. When
the effect estimates were affected substantially by the risk
of bias of included studies, then we downgraded the cer-
tainty of the evidence in a domain of risk of bias.

Additional analyses

To test the robustness of the effect estimates of PMX-HP,
and to explain heterogeneity, we used sensitivity analy-
ses and subgroup analyses. We planned the following
sensitivity analyses for 28-day mortality: (1) risk of bias;
we included only trials with low risk of bias in alloca-
tion concealment; (2) imputed missing data; we imputed
missing data on 28-day mortality in two ways: assuming
the missing outcomes as events (death) in the PMX-HP
group, and as no event in the control group (worst-case
scenario); and assuming the missing outcomes as no
event in the PMX-HP group, and as event in the control
group (best-case scenario); (3) per protocol; and (4) sta-
tistical method; we used a fixed-effect model. We per-
formed a priori subgroup analyses for the participant
group and the intervention if sufficient detail was present
in the eligible studies with the following hypotheses: (1)
participants with abdominal sepsis, culture-confirmed
sepsis, gram-negative infections, surgery, acute kidney
injury (AKI), or septic shock will show greater treatment
effect than patients without those conditions; and (2)



greater dose of intervention (i.e., longer duration; more
than one treatment) will show greater treatment effect.
eMethod 2 explains changes from the protocol [20].

Post hoc analyses

Trial sequential analysis (TSA) was done with a diversity-
adjusted information size calculated using a two-sided
alfa of 0.05, a power of 80%, an anticipated relative risk
reduction of 20.0%, and a control event rate of 35.0%.
TSA viewer version 0.9.5.10 Beta (Copenhagen Trial
Unit, Centre for Clinical Intervention Research, Copen-
hagen, DE. 2016) was used. An additional sensitivity
analysis including zero total event studies using continu-
ity correction was done using R version 3.4.1 (R Founda-
tion for Statistical Computing, Vienna, Austria. 2017).
We added post hoc subgroup analysis for the overall
risk of bias with a different criterion of assessment in the
included studies, and the maximum time window from
the onset of sepsis/septic shock or surgery to the first
therapy.

Results

Of the 1700 citations identified from electronic and hand
searches, 12 reports were identified for the review, and
after exclusion of ongoing trials or inadequate reports
(eTable 2), we included 6 unique trials [14, 15, 17, 18,
31, 32] in the meta-analysis (Fig. 1). The agreement of
eligibility between the two reviewers was 90% [Cohen’s
weighted kappa: 0.79 (95% CI 0.62-0.97)]. Table 1
shows the characteristics of the trials included in the
meta-analysis. All the trials used a PMX B-immobilized
hemoperfusion device (Toraymyxin 20R). The number of
participants across trials ranged between 16 and 450. The
weighted mean age of study participants was 62.5 years
(range 56.0-69.7). Sixty-one percent were male. Agree-
ment for the primary outcome and the risk of bias items
between the two reviewers was 100% (intra-class correla-
tion coefficient: 1).

Primary outcomes

For 401 patients involved in the 5 studies [14, 15, 17, 18,
31] and contributing to 28-day mortality data (repre-
senting 83% of the included participants), the pooled RR
was|1.03 (95% CI1/0.78-1.36; I* = 25%; n = 797; Table 2,
Fig.2a)." All five 'trials“were adjudicated as low risk of
bias for the outcome (eTable 3a). The number of patients
with at least one |serious adverse event was reported in
three studies [14, 17, 18]. The pooled !R was 2.17 (95%
CI 0.68-6.94; > = 0%; n = 717; Fig. 2b). Cruz et al.
[15] reported only device-related adverse events in the
PMX-HP group (eTable 4). Five studies [14, 15, 17, 18,
31] reported either organ dysfunction scores at 24-72 h
after the treatment or their changes over 24-72 h after

the treatment. Only the EUPHRATES trial [18] reported
MODS, and the others [14, 15, 17, 31] reported SOFA
score. For 797 patients in the 5 studies [14, 15, 17, 18,
31], the SMD for the organ dysfunction scores was
— 0.26 (95% CI — 0.64 to 0.12; Fig. 2¢). The heterogeneity
between the 5 trials was high (7 = 78%).

Secondary outcomes

Among 232 patients in the ABDO-MIX trial [17] that
reported 90-day mortality, PMX-HP did not reduce
90-day mortality (RR, 1.41: 95% CI 0.93-2.13; Table 2).
Four trials [14, 15, 18, 31] reported mean arterial pres-
sure. Pooled results found a statistically significant rela-
tionship between PMX-HP and increase in mean arterial
pressure (MD, 5.23; 95% CI 2.75-7.72; I* = 0%; n = 565;
Table 2, eFigure 1). Three trials [14, 31, 32] involving 109
patients reported endotoxin levels (pg/mL) over 24—-72 h
after treatment measured by limulus amebocyte lysate
assay (MD, — 40.77: 95% CI — 118.53 to 36.99; I* = 96%;
Table 2, eFigure 2). There were no differences in vaso-
pressor-free days at 28 days (n = 283, 3 trials, eFigure 3),
ICU length of stay (n = 347, 4 trials, eFigure 4), or the
receipt of RRT (n = 565, 4 trials, eFigure 5; Table 2).
Two studies [15, 18] provided data for duration of RRT
(5.2 days for PMX-HP vs. 5.6 days for standard; p = 0.03)
[15] and RRT-free days to day 28 (14.7 vs. 15.0 days;
p =0.81) [18].

One study [33] performed an economic analysis using
data collected in the EUPHAS trial involving 64 patients
[15] and suggested PMX-HP was cost-effective. They
adopted the Italian healthcare provider’s perspective and
showed a mean incremental cost-effective ratio of EUR
2558 per incremental undiscounted life-year gained and
EUR 3864 per incremental discounted life-year gained
[33]. For 856 patients involved in the 6 studies [14, 15,
17, 18, 31, 32] contributing mortality data at 28 days or
any follow-up duration, the pooled RR for death among
patients treated with PMX-HP was 0.85 (95% CI 0.58—
1.26; > = 64%; Table 2, eFigure 6).

Sensitivity and subgroup analyses

None of the 5 studies contributing to 28-day mortal-
ity [14, 15, 17, 18, 31] was rated at high risk of bias in
allocation concealment. Sensitivity analyses with impu-
tation of missing data with the worst-case scenario
(pooled RR, 1.05: 95% CI 0.74-1.50; I> = 47%, eFig-
ure 7a) and with the best-case scenario (pooled RR,
1.02: 95% CI 0.84—1.24; I> = 0%, eFigure 7b), and sen-
sitivity analysis using a fixed-effect model (pooled RR,
1.07: 95% CI 0.88-1.31; I* = 25%, eFigure 8), and per-
protocol mortality (pooled RR, 0.89: 95% CI 0.62—1.29;
PP = 46%, eFigure 9) attested to the robustness of the
primary analysis.
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Number of additional records
Number of records identified through identified through other sources: 5

database searching: 1923
Ovid Medline: 152

Ovid Embase: 128
Cochrane Library: 43
CINAHL: 16

PubMed: 134

ICHUSHI: 1420
ClinicalTrials.gov: 13
WHO ICTRP: 14

UMIN: 3

removed: 1700

Number of records after duplicates

titles and abstracts: 1700

Number of records screened in

Number of records excluded: 1348

Number of full-text articles
assessed for eligibility: 352

Number of full-text articles excluded, with

Published paper: 7
Published in abstract: 1
Registry Database: 4

Number of eligible studies: 12 Not a randomized controlled trial: 326

reasons: 340

Quasi-randomized controlled trial: 6
Using other blood purification methods as
control treatment: 2

Trial registration records or trial
protocols: 6

Number of records excluded from

quantitative synthesis: 6

synthesis (meta-analysis): 6

Number of studies included in quantitative

Ongoing trials: 4
Inadequate data: 2

Fig. 1 Study flow diagram

Subgroup analyses for 5 studies reporting 28-day
mortality [14, 15, 17, 18, 31] by trial participants with
different sepsis etiologies (abdominal only vs. various
etiologies including abdominal), trial participants with
sepsis confirmed by culture (culture-confirmed vs. mixed

or not confirmed), trial participants with gram-negative
infections (culture-confirmed vs. others), trial partici-
pants with surgery (surgical vs. mixed or medical), or
severity of trial participants (septic shock only vs. sepsis
or septic shock) did not show any subgroup interaction
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Table 2 Outcome measures

28-day mortality 5@ 14,15,17,18, 31 135/402 124/395  Pooled RR, 1.03 (0.78, 1.36) 25

Number of patients with at least one serious adverse 3? 14,17,18 8/360 3/357 Pooled RR, 2.17 (0.68,6.94) 0
event

Change in organ dysfunction scores over 24-72 h after ~ 5° 14,15,17,18, 31 SMD, — 0.26 (— 0.64,0.12) 78

treatment

90-day all-cause mortality 1 17 40/119  27/113 RR, 1.41(0.93,2.13) NA

Change in mean arterial blood pressure over 24-72 h 42 14,15, 18, 31 MD, 5.23 (2.75,7.72) 0
after the treatment

Endotoxin levels measured by LAL assay over 24-72 h 3@ 14,31,32 MD, — 40.77 (— 118.53, 96
after the treatment 36.99)

28-day vasopressor-free days 32 14,17, 31 MD, — 1.10 (— 4.05, 1.85) 10

ICU length of stay 42 14,15,17,31 MD, — 1.95 (— 7.91, 4.00) 70

The need for RRT 42 14,15, 18, 31 Pooled RR, 0.76 (0.33, 1.71) 61

Mortality at 28 days or any follow-up duration 6° 14,15,17,18,31,32  144/436 140/420  Pooled RR, 0.85 (0.58, 1.26) 64

Cl Confidence interval, RR risk ratio, NA not available, SMD standardized mean difference, MD mean difference, ICU intensive care unit

2 Includes data provided from the study authors

(Table 3, Fig. 2a, eFigure 10-13). The subgroup of
patients with AKI was not reported for their 28-day mor-
tality in any of the included studies.

Certainty of evidence

The visual inspection of the funnel plot for the 28-day
mortality suggested no apparent publication bias, but there
were few studies to assess for asymmetry (eFigure 14). The
certainty of evidence for the three primary outcomes was
downgraded by one level each for risk of bias and impreci-
sion, and were all considered low (Table 4).

Post hoc analyses

TSA showed the adjusted CI for 28-day mortality was
0.58-1.82 (P = 25%; n = 797). The required informa-
tion size to show a relative riskreduction (RRR) of 20%
was 2744 (eFigure 15), and to show 2-point reduction of
organ dysfunction scores was 895. An additional analy-
sis including zero total event studies using continu-
ity correction showed the pooled RR of the number of
patients with at least one serious adverse event as 2.03
(95% CI 0.67-6.17; > = 0%; n = 733). Post hoc subgroup
analyses did not show subgroup interaction for the effi-
cacy and safety outcomes. Assessment of overall risk
of bias with different criteria did not affect our results
(eFigures 16—-18).

Discussion
Summary of key findings

The current systematic review showed that
_ or

of adult sepsis or septic shock

or significantly
reduce the utilization of health resources.
Context with prior literature
Early experimental or clinical studies evaluating blood
purification in sepsis have largely focused on methods of
hemofiltration [35-37]. Meanwhile, large multi-centered

clinical trials have found intensity of
oreover, l!e

tionally does
of patients wi and sepsis [ .

lication of continuous venovenous hemofiltration

was implied to the of organ dys-
unction in severe sepsis . These observations suggest
that alternative strategies to better target blood purifica-
tion and improved survival in sepsis are necessary.

Previous systematic reviews implied that the use of

PMX-HP was associated with a survival benefit, improve-
ments in hemodynamics, and reduction in circulating
endotoxin levels [16, 42, 43]. In our up-to-date systematic
review, we excluded six studies where randomization was
not rigorous (e.g., in five studies, allocation was alternat-
ing; and in one study, allocation was performed through
discussion with patients) following direct inquiry with

sample sizes were included in previous
systematic reviews [16, 42, 43]. We included two newly
completed high-profile randomized trials [17, 18], and
found no apparent benefit on survival.
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a PMX-HP Standard therapy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.1.1 Abdominal sepsis
Vincent 2005 5 17 S 18 6.6% 1.06 [0.37, 3.02] 2005
Cruz 2009 11 34 16 30 17.5% 0.61[0.34, 1.09] 2009 I a—
Payen 2015 33 119 22 113 24.1% 1.42 [0.89, 2.29] 2015 i
Subtotal (95% CI) 170 161 48.3% 0.98 [0.54, 1.78]) R
Total events 49 43
Heterogeneity. Tau? = 0.16; Chi? = 4.96, df = 2 (P = 0.08); I> = 60%
Test for overall effect: Z = 0.08 (P = 0.94)
1.1.2 Sepsis with various etiologies including abdominal
Cantaluppi 2008 2 8 3 8  3.4% 0.67[0.15, 2.98] 2008
EUPHRATES 2017 84 224 78 226  48.4% 1.09[0.85, 1.39] 2017 1
Subtotal (95% CI) 232 234 S1.7% 1.07 [0.84, 1.37]
Total events 86 81
Heterogeneity. Tau? = 0.00; Chi® = 0.40, df = 1 (P = 0.53); I = 0%
Test for overall effect: Z = 0.56 (P = 0.57)
Total (95% CI) 402 395 100.0% 1.03 [0.78, 1.36]
Total events 135 124
Heterogeneity. Tau? = 0.03; Chi® = 5.35, df = 4 (P = 0.25); I* = 25% IO 1 0{2 015 i j‘ $‘ 101
Test for overall effect: Z = 0.20 (P = 0.84) Favours PMX-HP Favours Standard therapy
Test for subgroup differences: Chi? = 0.08, df = 1 (P = 0.78), > = 0%
b PMX-HP Standard therapy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Nakamura 2003 1 35 1 25  15.4% 0.71[0.05, 10.89] 2003
Vincent 2005 117 0 18 11.6% 3.17 [0.14, 72.80] 2005
Payen 2015 6 119 3 113 61.7% 1.90 [0.49, 7.41] 2015 —
EUPHRATES 2017 1 224 0 226 11.2% 3.03 [0.12, 73.90] 2017
Total (95% CI) 395 382 100.0% 1.83 [0.63, 5.32)
Total events 9 4
i 2 - Chi? = - - - : - ; f
e o RIP S S dhr dr 1o
: : : Favours PMX-HP Favours Standard therapy
(o] PMX-HP Standard therapy Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
¥Yincent 2005 85 4.4 17 9 4.4 18 15.8% -0.11[-0.77, 0.55] 2005 —H
Cantaluppi 2008 5.4 3.4 8 104 5.9 8 9.1% -0.98[-2.04, 0.07] 2008 r
Cruz 2009 -3.4 2.9 34 -0.1 4.3 30 19.6% -0.90[-1.42, -0.38] 2009 —
Payen 2015 83 3.6 119 £:5 3.5 113 26.9% 0.22 [-0.03, 0.48] 2015 ra—
EUPHRATES 2017 -2 3.7 224 -16 3.3 226 286% -0.11[-0.30, 0.07] 2017 -
Total (95% CI) 402 395 100.0% -0.26 [-0.64, 0.12]
Heterogeneity. Tau? = 0.12; Chi® = 17.94, df = 4 (P = 0.001); > = 78% _14 —lb 5 j‘ ‘1‘
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Data provided by the study author

Fig. 2 Forest plot of comparison: PMX-HP versus standard therapy. PMX-HP polymyxin B-immobilized hemoperfusion. T Reported change data. *

Favours PMX-HP Favours Standard therapy

There might be several possible explanations for our
findings. First, there may be no beneficial effect of using
PMX-HP in patients with selmlcsoc. Vincent
et al. [14] and a post hoc analysis of ABDO-MIX study
[50] measured cytokines after completion of PMX-HP
treatment, including [TNF-alfa, interleukins, and IFN-
gamma, and [no significant differences were found [50].
These results imply PMX-HP treatment may not signifi-
cantly remove endotoxin and/or suppress inflammatory
cytokines sufficiently to modify the course of organ dys-
function and risk of death.

Second, the pooled analysis with 797 patients may still
lack sufficient statistical power to detect small but clini-
cally meaningful effects of PMX-HP treatment, as shown
in the TSA. If we assume an absolute risk reduction of
15% (i.e., 43% RRR) with an estimated baseline mortality

of 35%, as adopted in the EUPHRATES trial [34], we have
already accumulated sufficient information to conclude a
null effect. Kaukonen et al. showed mortality in patients
with severe sepsis has declined considerably over the last
decade [1], likely in part implying substantial temporal
progress in the overarching care provided to critically ill
patients. The effect of PMX-HP, if any, could be hetero-
geneous and much smaller than expected, possibly due
largely to PMX-HP being only an adjuvant therapy in the
context of multiple interventions used to manage adult
critically ill patients with sepsis.

Third, patient selection and case mix may have influ-
enced the expected outcomes. Biologically targeted ther-
apy is sensible to enrich the trial population with patients
most likely to derive benefit from the intervention; how-
ever, the EUPHRATES trial, the only study that adopted
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Table 3 Subgroup analyses of 28-day mortality related to polymyxin B-immobilized hemoperfusion

Culture-positive sepsis 1@ 16 0.67 [0.15, 2.98]
Not confirmed 42 781 1.04 [0.76, 1.42]
Confirmed gram-negative infection 1° 16 0.67[0.15,2.98]
Not confirmed gram-negative 42 781 1.04 [0.76, 1.42]
Surgical 3 331 0.98 [0.54, 1.78]
Mixed or medical 2° 466 1.07 [0.84,1.37]
Septic shock 2° 682 1.15[0.92,1.43]
Sepsis or septic shock 3? 115 0.69[042,1.12]
Single session 1 35 1.06 [0.37,3.02]
Two sessions 42 762 1.011[0.72,1.42]
More than two sessions 0 NA

NA Not available

2 Includes data provided from the study authors

endotoxin activity as an eligibility criterion, may still have
been too small to detect a small but clinically impor-
tant difference. There are three ongoing trials measuring
endotoxin activity at the inclusion of the trials (eTable 2);
however, the sample sizes of these trials are also likely to
be too small to likely detect a clinically important effect
of PMX-HP or to change the overall conclusions of
sequential meta-analyses.

Strengths and limitations

We have conducted a rigorous peer-reviewed literature
search to identify relevant randomized trials, includ-
ing a database in Japan where the PMX-HP filter was
developed. Furthermore, we have directly contacted all
the study authors to assess the eligibility and the qual-
ity of each trial to minimize bias in our effect estimation.
The inclusion of two new and larger studies [17, 18] has
empowered the pooled analysis and enabled the up to
date evidence synthesis. We have also performed several
predefined sensitivity analyses to confirm the robust-
ness of the findings. However, there are several limita-
tions for this review. Limited numbers of studies did not
allow detailed analysis and interpretation to address the
issue of heterogeneity in the case mix and in treatment
effect in response to PMX-HP. Second, as we conducted
meta-analysis with aggregated data, we could not classify
participants involved in the studies into complementary
subgroups at each patient level. Third, we observed con-
siderable heterogeneity in several analyses. Practice vari-
ation across the included studies may have contributed to

heterogeneity. Similarly, there may be a biological basis
for responsiveness to PMX-HP among a heterogeneous
population of patients with sepsis that is incompletely
understood. Fourth, as we have performed multiple
analyses in this systematic review, we recommend cau-
tion when interpreting significant findings, such as the
modest increase of mean arterial pressure. Finally, we
have made some changes from our original protocol, due
largely to the availability of the data.

Implications for clinicians, policy, and future research
Our review would suggest there is

not prove its efficacy for improved survival,
and as such, performing an economic evaluation may
not be justified.

The imprecision of the results does not preclude further
trials to assess the efficacy of PMX-HP. In the EUPHRA-
TES trial, post hoc exploratory per-protocol analyses
showed a beneficial effect among adult patients with a
MODS greater than 9 [18], a finding warranting further
verification. Future clinical trials should aim to explore
specific patient populations with adequate sample size,
for example, those with elevated blood endotoxin level,
or high organ dysfunction scores, if any clinical effect of
PMX-HP is to be detected.
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Conclusions

Among adult patients with sepsis or septic shock, use
of PMX-HP compared with standard therapy alone was
not proven to reduce 28-day mortality or to reduce organ
dysfunction scores, or significantly increase the risk of
serious adverse events. Considering the certainty of the
body of evidence was low for both benefit and harm, to
date, there is no strong evidence to support the routine
use of PMX-HP as an adjuvant therapy in critically ill
adult patients with sepsis or septic shock.
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