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ABSTRACT
Introduction Sepsis, a life- threatening organ 
dysfunction syndrome occurring in the context of 
severe infections, remains a major burden on global 
health with high morbidity and high mortality rates. 
Despite recent advances in the understanding of its 
pathophysiology, the treatment of sepsis remains 
supportive of nature with few interventions specifically 
designed for treating this complex syndrome. The focus 
of sepsis trials has increasingly shifted towards targeting 
excessive inflammation and immunosuppression 
using immunomodulatory agents. However, it remains 
uncertain how to identify patients that could benefit 
from such treatment, whether treatments can be tailored 
to an individual’s immune profile, or at which stage of 
the disease the intervention should be initiated. In this 
scoping review, we provide a comprehensive overview 
of current available literature on immunostimulatory and 
immunosuppressive therapies against sepsis.
Methods and analysis The aim of this scoping review is 
to describe and summarise current literature evaluating 
immunotherapy in adult patients with sepsis. The review 
will be performed using the framework formulated by 
Arksey and O’Malley. A comprehensive literature and 
study collection will be executed by searching PubMed, 
Embase, Cochrane CENTRAL and  ClinicalTrials. gov to 
identify clinical trials and cohort studies concerning 
immunotherapy in adult patients with sepsis. Screening 
will be performed independently and in duplicate by 
two reviewers who will also independently extract data 
into prespecified spreadsheets. We will summarise 
evidence in tabular format with descriptive statistics. The 
reported evidence will convey knowledge on the types of 
immunotherapies studied, and currently being studied, in 
adult patients with sepsis.
Ethics and dissemination Approval from a medical 
ethics committee is not required. Once completed, the 
review will be submitted for publication in a peer- reviewed 
journal. These results will be of value to clinicians and 
researchers with an interest in advancing sepsis care.

INTRODUCTION
Rationale
Sepsis is defined as a life- threatening organ 
dysfunction syndrome caused by a dysreg-
ulated host response to an infection.1 2 The 

global disease burden of sepsis remains high, 
with 48.9 million cases annually and almost 
20% of all global deaths are sepsis related.3 
Over the past few decades, significant prog-
ress in the understanding of the patho-
physiology of sepsis has been made. Early 
diagnosis, timely antibiotic treatment and 
organ support are pivotal and are associated 
with a decrease in mortality rates.2 Despite 
numerous efforts to date, there are few ther-
apies which target the immunological basis 
of this life- threatening condition.4 So far, 
treatment of sepsis mainly revolves around 
supportive care; administering antibiotics, 
fluids and vasopressors or initiating organ 
support.

During sepsis, the host response may be 
altered in multiple ways, explaining the 
highly heterogeneous clinical presentation, 
treatment responses and prognosis.5 While 
the main pathophysiological cause of sepsis is 
often thought to be an excessive inflammatory 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This will be the first review using the scoping review 
methodology to systematically summarise which 
immunotherapies have been, and are currently be-
ing, studied in sepsis, this will highlight the gaps in 
in the field of immunotherapy in sepsis.

 ⇒ In this review, we will not only focus on immuno-
therapy alone, but also address studies that use a 
personalised approach to immunotherapy.

 ⇒ In this review, we will adhere to Preferred Reporting 
Items for Systematic Reviews and Meta- Analyses 
Scoping Review guidelines, conducting abstract 
screening, full- text screening and data extraction in 
independent duplication to facilitate greater inter- 
reviewer reliability.

 ⇒ A potential limitation of this review lies within the 
heterogeneity between trials; sepsis is a hetero-
geneous syndrome and trials use trial- specific in-
clusion and exclusion criteria, leading to possible 
heterogeneity within the population studied.
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immune response to an infection, it is now understood 
that a secondary immunosuppressive response often 
occurs concurrently.4–6 Modulating the immune response 
to infection represents a promising treatment target in 
sepsis. However, over 100 clinical trials investigating the 
use of immunomodulatory agents in sepsis have been 
unsuccessful in demonstrating a benefit of immuno-
modulatory therapy.4 7 One reason these trials may not 
have demonstrated a benefit is the use of a ‘one- size- 
fits- all’ approach to immunotherapy. Sepsis is a clinically 
heterogeneous disease syndrome, with individual patients 
demonstrating varied clinical responses to infections. 
This suggests that personalised immunomodulatory treat-
ment, tailored to an individual patient’s immune profile, 
may be a better approach to treating patients suffering 
from sepsis.8 Trials using personalised immunotherapy 
could increase the number of patients in the study with 
the potential to benefit from the administered treatment, 
and minimise the number of patients exposed to treat-
ments which are unlikely to help or even cause harm.8 
The first step towards implementation of personalised 
medicine using immunomodulatory treatment is to 
provide a structured and in- depth overview of currently 
available evidence on immunotherapy in the treatment 
of sepsis.

Study aim
The purpose of this scoping review is to describe and 
summarise current literature evaluating immunotherapy 
in adult patients with sepsis and the extent to which these 
trials used a personalised medicine approach.

METHODS AND ANALYSIS
This study will be a scoping review performed using 
previously defined methods.9 10 The model by Arksey and 
O’Malley defines a five- stage methodological framework, 
which includes: (1) identifying the research question, 
(2) identifying relevant studies, (3) study selection, (4) 
charting the data and (5) collating, summarising and 
reporting the results.9

Stage 1: identifying the research question
The following research questions will be addressed:

Primary objectives
1. Which immunotherapies have been, or are currently 

being, studied in adult patients with sepsis?
2. What are the study characteristics and patient popula-

tions of trials on immunotherapy in adult patients with 
sepsis?

3. How have clinical trials and cohort studies on sepsis 
used a personalised immunotherapy approach (in-
cluding clinical phenotypes; immunoprofiling: cell 
populations, protein biomarkers and/or immune as-
says), and have these approaches changed over time?

Stage 2: identifying relevant studies
A comprehensive literature search will be conducted 
using PubMed, Embase, Cochrane CENTRAL and  

ClinicalTrials. gov. Inclusion criteria are (1) clinical trials 
or cohort studies (including case control studies and 
observational cohorts) (2) investigating immunomod-
ulatory therapies in (3) adult (≥16 years) patients with 
sepsis. All studies addressing therapies with an established 
immunomodulatory effect will be included. Studies 
addressing therapies with a hypothesised immunomod-
ulatory effect (eg, antibiotics, fluids, statins, immuno-
nutrition, β-blockers, vasopressors) will be included, but 
only if the study investigates the immunomodulatory 
effects of the treatment. After completion of the initial 
literature search, we will use a snowball approach to find 
additional studies of interest.11 All articles must contain 
full text written in English or Dutch. Exclusion criteria 
are (1) case studies, (2) animal studies and (3) studies in 
healthy volunteers. Systematic reviews and meta- analyses 
will also be excluded, but searched for potentially rele-
vant references.

Search keywords include sepsis, immunotherapy, preci-
sion medicine, immunosuppression, anti- inflammatory 
agents, corticosteroid, anticoagulants, cytokines, gran-
ulocyte colony- stimulating factor, immunoglobulins, 
programmed cell death 1 receptor, Toll- like receptors, 
polymyxin B, thymosin, protein C, mesenchymal stem 
cells, antiendotoxin compound and extracorporeal blood 
removal. Articles retrieved from the database searches will 
be imported into Rayyan,12 an open- source programme, 
to organise and facilitate screening of the search results. 
The full search strategies can be found in online supple-
mental methods and online supplemental table 1). Prior 
to publication the search will be repeated to enable the 
inclusion of recently published studies.

Stage 3: study selection
We will approach the study selection systematically using 
the inclusion and exclusion criteria described above, 
providing consistency in the decision making regarding 
article selection. Screening will be performed inde-
pendently and in duplicate by two reviewers (MAS and 
NvM). The first step will be to screen all included arti-
cles in Rayyan on title and abstract. Disagreements at the 
trial/abstract stage will be resolved by discussion between 
the two reviewers. When uncertainty or disagreement 
remains, a third reviewer (LAvV) will be consulted to 
make a final decision regarding inclusion of the study. 
Final inclusion will be determined based on the analysis 
of the full text of any papers included by either reviewer 
during title/abstract screening stage. Disagreements at 
the full- text stage will be resolved in the same manner as 
described above at the title/abstract stage.

Stage 4: charting the data
Data to be charted include:

 ► Author(s), year of publication, study location.
 ► Aim(s) of the study.
 ► Study population, inclusion and exclusion criteria, 

number of patients.
 ► Study design.
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 ► The type of immunotherapy and comparator (if any) 
used.

 ► Main findings and outcome measures, including 
measured immune profiles.

 ► If a personalised approach was used, and if so, which 
approach.

 ► Limitations of the study stated by its authors.
 ► Quality of evidence.
The quality of evidence will be critically appraised using 

the RoB 2 tool (a revised Cochrane risk of bias tool for 
randomised trials)13 and the Newcastle Ottawa Quality 
Assessment Scale for Cohort Studies.14

Two reviewers (MAS and NvM) will independently 
extract data into pre- specified spreadsheets (online 
supplemental tables 2–5), separating data extracted 
from randomised controlled trials and observational 
controlled studies in order to better account for selec-
tion bias and confounding factors. At regular intervals, 
extracted data from the included articles in this frame-
work will be compared in order to ensure interrater 
reliability. Any disagreements or inconsistencies will be 
resolved by discussion, or, when uncertainty or disagree-
ment remains, a third reviewer (LAvV) will be consulted.

Stage 5: collating, summarising and reporting the results
We will present an overview of the reviewed literature 
in tabular format with descriptive statistics. In addition, 
when possible, we will analyse treatment groups including 
(but not restricted to) strategies that modulate excessive 
inflammation (treatments targeting the innate immune 
response, complement, immunothrombosis and endo-
thelial dysfunction, pleiotropic drugs with immunomod-
ulatory effects, immunonutrition, supportive treatments 
with immunomodulatory effects and non- pharmalogical 
immunomodulatory strategies) and strategies aiming at 
immune stimulation (immunomodulatory cytokines and 
growth factors, intravenous immunoglobulins, mesen-
chymal stem cells and immune checkpoint inhibitors). 
Furthermore, we will present an overview of the trials 
currently recruiting or being studied in a supplementary 
table (online supplemental table 6).

Patient and public involvement
No patient and/or public involved.

ETHICS AND DISSEMINATION
As this is scoping review, approval from a medical ethics 
committee is not required. Once completed, the review 
will be submitted for publication in a peer- reviewed 
journal.

DISCUSSION
This scoping review will provide structured and detailed 
information on the types of immunotherapies studied in 
adult patients with sepsis. It will provide insight into how 
immunomodulatory trials have been conducted, and to 

what extent a personalised approach to immunotherapy 
has been used. An overview of potential immunostimu-
latory and immunosuppressive treatments will be given, 
highlighting gaps in the field of sepsis treatment, and 
identifying strategies to study personalised immunothera-
pies in adult patients with sepsis.

In this review, we will provide background on patho-
physiological processes targeted within the investigated 
therapies. Compared with previous reviews on this 
topic,5 7 15–18 which mainly describe current advances in a 
narrative way, we here use a systematic approach to iden-
tify and summarise the evidence for immunomodulatory 
agents. In addition, the current review will add to the 
field of sepsis treatment by focusing on the evidence of 
personalised therapy.

This review will have several methodological strengths. 
First, as this will be a scoping review, the broad topic 
of immunotherapy in sepsis in which many different 
study designs might be applicable can be addressed 
in a complete and structured manner.9 Second, we will 
systematically assess the risk of systematic errors via bias 
risk assessments, which will provide robustness of our 
results and conclusions. Third, we will focus on studies 
that used a personalised approach to immunotherapy, 
which is proposed to be the future of sepsis research.19 20

A potential limitation of this review lies within the 
heterogeneity between trials. However, this is inherent 
when studying clinical trials with strict inclusion and 
exclusion criteria and is probably a good reflection of 
daily clinical practice in treating sepsis patients. Although 
inevitable, different criteria for sepsis have been used 
over time,2 leading to heterogeneity in the population 
included. Another limitation lies within the trials using a 
personalised approach to immunotherapy, since reliable 
biomarkers selecting the appropriate patient population 
that may most likely benefit from the treatment investi-
gated, are still being studied.21 22 However, systematically 
reviewing the studies investigating personalised immu-
notherapy will still add knowledge to the future sepsis 
management.

In conclusion, finding suitable treatment options for 
sepsis is crucial for improving the patient’s outcome. 
Summarising which immunotherapies have been, and are 
currently being, studied will highlight the gaps in in the 
field of immunotherapy in sepsis. This will be essential 
to improve further knowledge in the treatment of sepsis.
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Supplementary Methods. The full search string 

PubMed 

2021 May 04 

 

2444 hits: 

("Sepsis"[Majr] OR sepsis[tiab] OR septic[tiab])  

 

AND  

 

("Immunotherapy"[Mesh] OR "Precision Medicine"[Mesh] OR "Immunosuppression"[Mesh] OR "Anti-

Inflammatory Agents/therapeutic use"[Mesh] OR "Anti-Infective Agents/therapeutic use"[Mesh] OR 

"Glucocorticoids"[Mesh] OR "Hydroxycorticosteroids"[Mesh] OR "Anticoagulants/therapeutic 

use"[Mesh] OR "Cytokines/antagonists and inhibitors"[Mesh] OR "Cytokines/therapeutic use"[Mesh] 

OR "Granulocyte Colony-Stimulating Factor/therapeutic use"[Mesh] OR "Granulocyte-Macrophage 

Colony-Stimulating Factor/therapeutic use"[Mesh] OR "Immunoglobulins, Intravenous/therapeutic 

use"[Mesh] OR "Programmed Cell Death 1 Receptor/therapeutic use"[Mesh] OR "Toll-Like 

Receptors/therapeutic use"[Mesh] OR "Polymyxin B/therapeutic use"[Mesh] OR 

"Thymosin/therapeutic use"[Mesh] OR "Protein C/therapeutic use"[Mesh] OR "Mesenchymal Stem 

Cells"[Mesh] OR immunotherap*[tiab] OR interleukin*[tiab] OR interferon[tiab] OR toll-like-receptor 

agonist*[tiab] OR anti-endotoxin compound*[tiab] OR blocking complement*[tiab] OR activated 

vitamin C[tiab] OR mesenchymal stem cell*[tiab] OR immune checkpoint inhibitor*[tiab] OR 

extracorporeal blood removal[tiab] OR corticosteroid*[tiab]) 

 

AND  

 

("Clinical Trial" [Publication Type] OR clinical trial*[tiab] OR randomized trial*[tiab] OR randomized 

trial*[tiab] OR controlled trial*[tiab])  

 

NOT  

 

(("Child"[Mesh] OR "Infant"[Mesh] OR "Pediatrics"[Mesh] OR child*[tiab] OR infan*[tiab] OR 

newborn*[tiab] OR neonat*[tiab] OR baby[tiab] OR babies[tiab] OR pediatr*[tiab] OR paediatr*[tiab]) 

NOT "Adult"[Mesh]) 

 

NOT  

 

("Editorial"[Publication Type] OR "Letter"[Publication Type] OR "News"[Publication Type] OR 

"Comment"[Publication Type] OR "Review" [Publication Type] OR "Case Reports"[Publication Type] OR 

"letter*"[Title] OR "comment*"[Title] OR editorial[ti]) 

 

NOT 

 

(("Animals"[MeSH Terms] OR "Animal Experimentation"[MeSH Terms] OR "animals, laboratory"[MeSH 

Terms] OR "models, animal"[MeSH Terms] OR "animal*"[Title/Abstract] OR "rat"[Title/Abstract] OR 
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"rats"[Title/Abstract] OR "mice"[Title/Abstract] OR "mouse"[Title/Abstract] OR "dog"[Title/Abstract] 

OR "dogs"[Title/Abstract] OR "pig"[Title/Abstract] OR "pigs"[Title/Abstract] OR "cow"[Title/Abstract] 

OR "cows"[Title/Abstract] OR "monkey"[Title/Abstract] OR "monkeys"[Title/Abstract] OR 

"horse"[Title/Abstract] OR "horses"[Title/Abstract] OR "sheep"[Title/Abstract] OR 

"ovine"[Title/Abstract] OR "lamb"[Title/Abstract] OR "lambs"[Title/Abstract] OR 

"goat*"[Title/Abstract] OR "swine"[Title/Abstract] OR "porcine"[Title/Abstract] OR 

"pup"[Title/Abstract] OR "pups"[Title/Abstract] OR "canine"[Title/Abstract] OR 

"bitch*"[Title/Abstract] OR "beagle"[Title/Abstract] OR "feline"[Title/Abstract] OR 

"rodent*"[Title/Abstract] OR "rabbit*"[Title/Abstract] OR "murine"[Title/Abstract] OR 

"ape"[Title/Abstract] OR "apes"[Title/Abstract] OR "gorilla"[Title/Abstract] OR 

"gorillas"[Title/Abstract] OR "catfish"[Title/Abstract]) NOT "Humans"[MeSH Terms]) 

 

 

Cochrane Central Register of Controlled Trials 

Issue 4 of 12, April 2021 

 

ID Search Hits 

 

#1 (sepsis or septic):ti,ab,kw 13698 

 

#2 (immunotherap*  OR interleukin*  OR interferon  OR toll-like-receptor agonist*  OR anti-

endotoxin compound*  OR blocking complement*  OR activated vitamin C  OR mesenchymal stem cell*  

OR immune checkpoint inhibitor*  OR extracorporeal blood removal  OR corticosteroid*):ti,ab,kw

 67451 

 

#3 (precision medicine   OR  immunosuppress*   OR  anti-nflammatory agent*    OR  anticoagulant* 

OR  cytokines OR  granulocyte colon stimulating factor* OR  granulocyte macrophage colony-

stimulating factor    OR  immunoglobulin* OR  programmed cell death 1 receptor* OR  Toll-Like 

Receptors OR  polymyxin B OR  thymosin OR  protein OR  anti-infective agent* OR  glucocorticoid*   OR  

hydroxycorticosteroid*   OR  mesenchymal stem cell*):ti,ab,kw 126191 

 

#4 #2 or #3 171251 

 

#5 #1 and #4 in Trials 3246 

 

 

ClinicaTrials.gov 

2021 May 04 

1309 Studies found for: Interventional Studies | sepsis | Adult, Older Adult 

 

 

EMBASE (Ovid): 

Database(s): Embase Classic+Embase 1947 to 2021 May 03 
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Supplementary Table 1. Search Strategy EMBASE: 

# Searches Results 

1 exp *sepsis/dt, th or (sepsis or septic).ti,ab,kw. 233069 

2 
exp immunotherapy/ or personalized medicine/ or exp immunosuppressive 

treatment/ 
497119 

3 

exp antiinflammatory agent/dt, th or exp antiinfective agent/dt, th or drotrecogin/ or 

exp corticosteroid/dt, th or exp anticoagulant agent/dt, th or exp cytokine/dt or 

granulocyte colony stimulating factor/dt or granulocyte macrophage colony 

stimulating factor/dt or exp immunoglobulin/dt, th or programmed death 1 

receptor/dt or toll like receptor/dt or polymyxin B/ or thymosin/dt or exp 

mesenchymal stem cell/ 

1908414 

4 

((immunotherap* or interleukin* or interferon or toll-like-receptor agonist* or anti-

endotoxin compound* or blocking complement* or activated vitamin C or 

mesenchymal stem cell* or immune checkpoint inhibitor* or extracorporeal blood 

removal or corticosteroid*) and (treat* or therap*)).ti,ab,kw. 

532386 

5 2 or 3 or 4 2556542 

6 
exp clinical trial/ or controlled clinical trial/ or controlled study/ or randomized 

controlled trial/ 
8934963 

7 ((randomized or randomised or controlled) adj3 trial*).ti,ab,kw. 623934 

8 clinical trial*.ti,ab,kw. 600136 

9 6 or 7 or 8 9356625 

10 1 and 5 and 9 18560 

11 
(exp child/ or exp pediatrics/ or (child* or infan* or newborn* or neonat* or baby or 

babies or pediatr* or paediatr*).ti,ab.) not adult/ 
3086878 

12 10 not 11 15898 

13 

(exp animal/ or exp animal experiment/ or exp animal model/ or exp veterinary 

medicine/ or (animal* or monkey* or sheep or ovine or lamb or lambs or goat* or pig 

or pigs or swine or porcine or pup or pups or dog or dogs or canine or bitch* or beagle 

or feline or rodent* or rabbit* or rat or rats or mice or mouse or murine or cow or 

cows or horse or horses or ape or apes or gorilla or gorillas).ti,ab,kw.) not human/ 

6558145 

14 12 not 13 12416 

15 
letter/ or editorial/ or note/ or case report/ or conference paper/ or "review"/ or 

(letter or comment* or editorial or case report).ti. 
8552442 

16 14 not 15 9437 
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Supplementary Table 2. Data Abstraction Table – Randomized controlled trials – “Targeting (excessive) inflammation” 

  

  Innate immune 

response 

Complement Immunomodulation

/ endothelial 

dysfunctions  

Immunomodulation 

by pleiotropic drugs  

Immunonutrition Immunomodulation 

by supportive 

treatments  

Non-pharmalogical 

immunomodulatory 

strategies  

Author(s)        

Year        

Location        

Aim(s)        

Population        

Number of patients         

Design        

Intervention (dose, frequency, duration)        

Comparator (if any)        

Analyses (crude and adjusted)        

Main findings        

Measured immune profiles         

Personalized medicine; If so, how?          

Limitations as stated by author        

Quality of evidence        
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Supplementary Table 3. Data Abstraction Table – Randomized controlled trials  – “Immune stimulation” 

 

  

 Immunostimulatory cytokines and 

growth factors 

Intravenous immunoglobulins Mesenchymal stem cells Immune checkpoint inhibitors  

Author(s)     

Year     

Location     

Aim(s)     

Population     

Number of patients      

Design     

Intervention (dose, frequency, duration)     

Comparator (if any)     

Analyses (crude and adjusted)     

Main findings     

Measured immune profiles      

Personalized medicine; If so, how?       

Limitations as stated by author     

Quality of evidence     
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Supplementary Table 4. Data Abstraction Table – Observational controlled studies – “Targeting (excessive) inflammation” 

  

  Innate immune 

response 

Complement Immunomodulation

/ endothelial 

dysfunctions  

Immunomodulation 

by pleiotropic drugs  

Immunonutrition Immunomodulation 

by supportive 

treatments  

Non-pharmalogical 

immunomodulatory 

strategies  

Author(s)        

Year        

Location        

Aim(s)        

Population        

Number of patients         

Design        

Intervention (dose, frequency, 

duration) 

       

Comparator (if any)        

Analyses (crude and adjusted)        

Main findings        

Measured immune profiles         

Personalized medicine; If so, how?          

Limitations as stated by author        

Quality of evidence        
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Supplementary Table 5. Data Abstraction Table – Observational controlled studies – “Immune stimulation” 

  

 Immunostimulatory cytokines and 

growth factors 

Intravenous immunoglobulins Mesenchymal stem cells Immune checkpoint inhibitors  

Author(s)     

Year     

Location     

Aim(s)     

Population     

Number of patients      

Design     

Intervention (dose, frequency, duration)     

Comparator (if any)     

Analyses (crude and adjusted)     

Main findings     

Measured immune profiles      

Personalized medicine; If so, how?       

Limitations as stated by author     

Quality of evidence     
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Supplementary Table 6. Data Abstraction Table – trials currently recruiting or being studied 

 
 Trial 

Investigator(s)  

Start Date  

Location  

Aim(s)  

Outcome(s)  

Population  

Number of patients   

Design  

Intervention (dose, frequency, duration)  

Comparator (if any)  

Measured immune profiles   

Personalized medicine; If so, how?    
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