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ABSTRACT

Introduction: Infections are frequent complications in 
patients with malignant hematological disease and are 
associated with high morbidity and mortality. The use of 
polymyxin B hemoperfusion (PMX-HP) as an additional 
therapy in hematological patients who develop sepsis or 
septic shock following chemo- or immunosuppressive 
therapy is not often described in literature.

Case Series: This study included patients with 
hematological neoplasms (acute myeloblastic or 
promyelocytic leukemia) who were undergoing 
chemotherapy (pre- or post-transplant) and developed 
sepsis or septic shock requiring organ support. 
The patients received one session of polymyxin B 
hemoperfusion generally followed by at least 72 hours 
of continuous renal replacement therapy (CRRT) as 
renal support. The clinical condition, hemodynamic 
parameters, and blood chemistry values of the patients 
were monitored until discharge from the intensive care 
unit (ICU). Nine patients were included in this study. 
Of the 9 patients, 6 survived and were discharged from 
the ICU. In the 6 surviving patients a drastic reduction 
in procalcitonin (PCT) and C-reactive protein (CRP) 
were observed after treatment with PMX-HP. No adverse 
events related to the PMX-HP treatment occurred.
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Conclusion: Patients with hematological neoplasms 
complicated with septic shock have a very high mortality. 
In our experience, polymyxin B hemoperfusion therapy 
and CRRT in addition to conventional therapy may be a 
valid strategy to improve outcome in this type of patients.
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INTRODUCTION

Infections are frequent complications in patients with 
malignant hematological disease and are associated with 
high morbidity and mortality and consequently influence 
on quality of life and hospital costs [1].

Intensive anti-neoplastic chemotherapy protocols, 
new classes of drugs (monoclonal antibodies and 
hypomethylating agents) and the increase in allograft 
procedures have resulted in an increase in toxicity and 
infectious risk [1]. Chemotherapy represents one of the 
most frequent causes of acute tumor lysis syndrome 
(ATLS) due to the rapid separation of neoplastic cells and 
consequent release of their contents into the circulation. 
This condition can be associated with various clinical 
conditions, including infection and sepsis [2].
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In the past 30 years, the etiology of bacteremia in 
neutropenic patients has undergone changes with a 
significant increase in Gram-negative bacteria as a cause 
of bacteremia [2]. In sepsis caused by Gram-negative 
bacteria, circulating endotoxin plays a fundamental role 
as the most powerful trigger of the septic cascade and 
may progress to multiple organ dysfunction syndrome 
(MODS) and death [3].

According to the Surviving Sepsis Campaign 
guidelines [4], early diagnosis, aggressive resuscitation, 
adequate antibiotic therapy, source control, and organ 
support are the key elements of sepsis management. 
However, conventional therapy is not always sufficient 
and therefore different treatments, alone or combined, 
can be used to obtain a better immune response. 
Polymyxin B hemoperfusion therapy (PMX-HP) is able 
to remove up to 90% of circulating endotoxin and also 
represents several immunomodulating mechanisms 
resulting from the direct adsorption of inflammatory 
mediators, immune cells, and circulating apoptotic 
factors [5, 6]. It has been reported that PMX-HP 
contributes to the decrease in expression and inhibition 
of the release of HMGB-1 [7].

Excessive conditioning regimens such as total body 
irradiation and chemotherapy deteriorate the host 
tissue. In turn, damaged cells secrete cytokines and 
other damage-associated molecular patterns (DAMPs). 
These factors trigger or intensify graft-versus-host 
disease (GVHD) and influence adaptive immunity by 
contributing to the activation of immune cells such as 
alloreactive T cells [8]. Intranuclear HMGB-1 released 
from immune cells and necrotic cells damaged by TNF-α 
and IL-6 acts as a DAMP that accelerates immune and 
inflammatory responses, activates innate immunity, and 
acts as a mediator of various pathological conditions 
such as acute rejection by allograft and septic syndromes 
[9]. Therefore, HMGB-1 could represent a potential 
molecular target for GVHD therapies and its removal 
represents a determining factor on the outcome of these 
patients [10].

In addition, PMX-HP may play a role in reducing 
mortality in patients with sepsis or septic shock [11] and 
seems to aid in restoring hemodynamics and respiratory 
function [12].

Based on this rationale, we decided to use PMX-HP as 
an adjunctive therapy in patients affected by acute myeloid 
leukemia (AML) with confirmed or suspected infective 
status. Since an infective status can be deleterious in 
patients affected by leukemia undergoing chemotherapy 
or pre-/post-transplant conditioning due to the lack 
of immunocompetence. Our clinical strategy was to 
minimize the risks associated with severe infection, by 
neutralizing the trigger of infection and the inflammatory 
cascade. This is to minimize the impact of septic shock or 
to try to avoid its development, to preserve availability to 
transplant or to preserve the graft in the post-transplant 
phase.

CASE SERIES

The PMX-HP cartridge (Toraymyxin, Toray Medical, 
Japan) is a medical device designed to perform 
hemoperfusion therapy with polymyxin B in order to 
neutralize endotoxin present in the patient’s blood. 
Toraymyxin consists of a cartridge with polystyrene/
polypropylene fibers to which polymyxin B has been 
covalently immobilized [13]. One cycle of 2 hours of 
hemoperfusion was performed using a blood flow rate 
of 100 mL/min and unfractionated heparin was used as 
anticoagulant.

We treated 9 patients diagnosed with sepsis or septic 
shock (4 males and 5 females) aged from 29 to 58 years and 
affected by acute myeloblastic or promyelocytic leukemia 
undergoing chemotherapy or pre-/post-transplant 
conditioning. Blood samples for cultures were drawn 
immediately before the patients were admitted to the ICU. 
Table 1 shows baseline and clinical characteristics of the 9 
patients before and after treatment with PMX-HP. Of the 
9 patients, 6 survived and were discharged from the ICU. 
In the 6 surviving patients a drastic reduction in PCT and 
CRP was observed after treatment with PMX-HP. During 
PMX-HP treatment there were no episodes of filter 
coagulation, bleeding, or metabolic complications (e.g., 
hypocalcemia/hypercalcemia or metabolic disorders). 
No adverse events occurred and the PMX-HP treatment 
was safe.

Table 1: Patient characteristics before and after PMX-HP treatment
Patient Age Gender Hematologic 

diagnosis
ICU 
diagnosis

Blood culture SOFA Baseline 
PCT

Baseline 
CRP

CRRT MV Post 
PCT

Post 
CRP

LOS 
ICU

ICU 
Survival

1 29 M AML NEC/
respiratory 
failure

Neg 10 1.91 12.6 + + 0.62 1.85 17 +

2 44 M AML Septic shock Neg 15 100 7.23 + + 100 8.41 2 –

3 39 F AML Intestinal 
GVHD 

Neg 7 7.85 21.5 + – 0.56 1.02 7 +

4 47 F AML Sepsis Staphylococcus 
aureus
Cytomegalovirus

10 15.3 0.84 + – 1.09 11 +
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DISCUSSION

The use of polymyxin B hemoperfusion as an 
additional therapy in hematological patients who 
develop sepsis or septic shock following chemo- or 
immunosuppressive therapy is not often described in 
literature. One observational study investigated the use 
of PMX-HP in 16 patients with hematological disease 
and Gram-negative septic shock [14]. In this study serum 
endotoxin concentration was measured and was found 
to be consistently elevated in all patients at baseline. Ten 
out of 16 patients did not survive, but no data on clinical 
parameters collected after treatment were reported.

In the present study, we have treated 9 patients 
with PMX-HP in addition to conventional therapy and 
CRRT sequentially was performed as for renal support 
when needed. Of the 6 patients who survived to ICU 
discharge, both PCT and CRP were reduced drastically 
after treatment with PMX-HP. Treatment with PMX-HP, 
although not a curative therapy for the onco-hematological 
disease itself, may limit or modulate the complications 
associated with it. An explanation for this may be found 
in the immunomodulatory effects of the treatment. We 
may hypothesize that PMX-HP therapy provides the 
time needed for the bone marrow to resume its function. 
Although the PMX-HP cartridge was designed to adsorb 
endotoxin, other mechanisms of immunomodulation 
have been demonstrated. Some of these mechanisms 
are caused by the elimination of endotoxin, while others 
result from the direct adsorption of activated monocytes 
[15], activated neutrophils as well as reducing the levels 
of circulating apoptotic factors [5].

CONCLUSION

Since an infective status can be deleterious in 
patients affected by leukemia undergoing chemotherapy 
or pre-/post-transplant conditioning due to the lack 
of immunocompetence, our clinical strategy was to 

minimize the risk of severe infection, by neutralizing the 
infection trigger and the inflammatory cascade. This is to 
minimize the impact of septic shock when present or to 
try to avoid its development, to preserve availability to 
transplant or to preserve the graft in the post-transplant 
phase.

Sepsis and septic shock are time-dependent 
conditions, the clinical outcome is strictly correlated with 
the timing of diagnosis and effectiveness by which the 
disease is managed.

Our clinical experience suggests that PMX-HP can be 
a useful adjuvant therapy for the management of patients 
affected by AML with confirmed or suspected infective 
status.

Further clinical investigation including randomized 
clinical trials is needed to confirm the effectiveness of 
PMX-HP in this particular type of patients.
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Abbreviations: AML: acute myeloid leukemia, CRP: C-reactive protein, CRRT: continuous renal replacement therapy, MV: mechanical 
ventilation, LOS: length of stay, GVHD: Graft-versus-host disease, NEC: Neutropenic enterocolitis, PCT: procalcitonin, SOFA: 
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