CHAPTER 18

FUTURE DIRECTIONS IN SEPSIS RESEARCH:
FROM TRANSLATIONAL SCIENCE TO CLINICAL TRIALS

Elif Ozge Damar Midik,' Sibel Bolukgu?

18.1. Introduction

Sepsis is a life-threatening organ dysfunction syndrome that develops as a result
of a dysregulated immune response to infection.! Diagnosis is made based on the
presence of inflammatory symptoms and signs of organ dysfunction. Sepsis remains
a leading cause of death worldwide, accounting for about 20% of all global deaths,
with mortality rates ranging from 15% to over 40% depending on severity and
region.”” Early diagnosis and interventions remain critical to improve outcomes
and reduce mortality. Controlling the focus of infection, ensuring hemodynamic
stability, and supportive care form the basis of the treatment approach. In recent
years, there has been increasing interest in immunomodulation and personalized
treatment methods.

Implementation of the Surviving Sepsis Campaign (SSC) guidelines
(especially with the 2021 update) has been associated with reduced mortality
in sepsis patients. Rapid diagnosis of sepsis and the complete implementation
of treatment bundles, known as “care bundles,” are crucial for outcomes.”?
Despite the success of the SSC guidelines, sepsis deaths remain unacceptably
high, especially in resource-limited settings.” Large-scale studies are needed to
improve survival when multiple risk factors influence mortality. The discovery
of new biomarkers, rapid advances in translational science, innovations in omics
technologies, and applications of artificial intelligence are important steps in the
precision medicine approach to sepsis.'”'" A personalized treatment approach,
rather than a one-size-fits-all approach, should be adopted in the management of
sepsis patients. This requires a strong emphasis on personalized risk stratification,
targeted immunomodulation, and adaptive clinical trials that better reflect patient
biodiversity. The future focus of sepsis research should be on bridging the gap
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between laboratory findings and the clinical setting, translating scientific data into
y g g g
practical and effective treatments.

18.2. Translational Science Perspective

18.2.1. Definition and Relevance

The goal of translational science is to recognize its regimen and integrate it
rapidly, reliably, and effectively into treatment, prevention, and health policies.
Current epidemics should be considered a two-way process, with basic research
treatments developed in the laboratory being applied in the clinic, and individuals
observed in the clinic being transported to the laboratory for further evaluation.
The ultimate goal of translational science is to bridge the gap between research and
treating patients, enabling the real-world application of new diagnostic methods,
biomarkers, and treatments.'? In the case of sepsis, a disease that presents significant
challenges for clinicians, translational science leads to practical outcomes such as
the rapid translation of laboratory-developed technologies into personalized and
timely interventions in the clinic, thereby improving patient care.

18.2.1.1. Potential of Omic Technologies

Omic technologies have greatly contributed to our understanding of the
complex nature of sepsis. Genomic studies reveal genetic variants, such as
single-nucleotide polymorphisms in immune-related genes. These variants can
influence an individual’s susceptibility to sepsis, its severity, and its outcomes. By
capturing changes in gene expression during sepsis, transcriptomic studies can
distinguish between excessive inflammatory responses and immunosuppressive
states. Proteomic studies reveal cytokine profiles, acute-phase proteins, and other
metabolic changes, helping us better understand the biochemical hallmarks of
sepsis. Metabolomics studies reveal disruptions in fundamental biochemical
processes, such as changes in energy metabolism, amino acid utilization, and
lactate production.!®!3!4

Omic data can be used to discover biomarkers that outperform traditional
biomarkers used in the clinic, such as CRP and PCT. This allows for early disease
diagnosis, distinguishing viral from bacterial infections, and identifying high-risk
patients.” It can provide clinicians with crucial data for targeted therapy. With
these contributions, omic technologies constitute the core of translational science
in sepsis.'®!

18.2.1.2. Integration of Novel Biomarkers into Clinical Practice

While markers such as PCT and CRP are commonly used in our daily practice,
it’s important to note that they have low specificity and limited prognostic
value."?° This underscores the urgent need for new biomarkers that can facilitate
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early diagnosis, predict disease severity, and enable personalized treatments. As
a result, multiple studies are underway to identify such biomarkers in sepsis.
Promising candidates include presepsin, soluble triggering receptor expressed
on myeloid cells-1 (sSTREM-1), CD64, soluble urokinase plasminogen activator
receptor (suPAR), and host gene expression signatures.”’ These markers play a
crucial role in helping clinicians differentiate infection-related inflammation from
non-infectious inflammation.

miRNAs (miRNAs) are important new candidates in the diagnosis, treatment,
and management of sepsis. They regulate gene expression, are stable in blood and
other fluids, and can be measured in stored samples. Since they show an early and
sustained increase during sepsis, they have the potential to be clinically useful.?
However, to distinguish sepsis from other inflammatory diseases, the development
of specific miRNA panels and large-scale studies measuring their effectiveness in
different patient groups are needed. For a new biomarker to enter clinical use,
it must be demonstrated to be effective in various patient groups and provide
clinicians with reliable support for timely and personalized treatment decisions.

Despite their promising performance, the clinical use of biomarkers still faces
significant standardization gaps and economic barriers. Each new diagnostic test
must undergo rigorous analytical validation and clinical utility assessments to gain
approval from regulatory agencies such as the Food and Drug Administration
(FDA) or the European Medicines Agency (EMA). This process increases both
cost and implementation time. Furthermore, the lack of reimbursement policies
for these tests in many healthcare systems further limits their routine use.
Therefore, while new biomarkers hold promise for early diagnosis and patient
stratification, their adoption into clinical practice depends on cost-effectiveness
analyses, standardization, and integration into sepsis management guidelines.

18.2.1.3. Barriers in Moving from Preclinical Models to Human Clinical
Studies

Animal models have made a significant contribution to understanding the
pathophysiology of sepsis. Among the mouse models used in sepsis research,
endotoxin administration and cecal ligation and puncture (CLP) are among the
most frequently applied. These studies have provided critical theoretical insights
into cytokine release, organ damage, and inflammation during sepsis. However,
these models cannot fully reflect human sepsis. The disadvantages of the models
are that they use young, healthy animals and generate a uniform infection under
controlled conditions. They do not adequately reflect patients with polymicrobial
or nosocomial sepsis, which develop in elderly and comorbid individuals.
Significant differences in immune system structure between mice and humans
make direct translation of findings from these studies to humans unreliable.?**
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Animal studies generally examine short-term survival outcomes (24-72
hours). However, human sepsis is a disease with a longer course and different
stages. The timing of intervention also varies. For example, while treatment is
initiated immediately in animal studies, difficulties encountered in the clinic
can sometimes delay diagnosis, leading to delayed treatment.”?® Due to these
differences, treatments deemed effective in animals are often ineffective in humans.

New-generation translational models are being developed to overcome the
limitations of classical animal models and better mimic human sepsis. These
include humanized mice, organ-on-chip technologies, and patient-derived
organoids. Models created with humanized mice are genetically engineered
to transplant human immune systems and tissues into mice.” Organ-on-
chip technologies, on the other hand, use microfluidic systems to create small
organ-like structures using human cells. Lung-on-chip systems can be used to
study ARDS in sepsis. Liver-on-chip systems can be used to model processes of
liver failure associated with sepsis. Patient-derived organoids are “mini-organ”
models produced in the laboratory using stem cells or tissue samples taken from
patients.”*? They can contribute to the development of personalized treatment
strategies. In preclinical studies (animal/laboratory), testing drugs on groups with
specific biomarker profiles provides insight into which patient types a drug is
most effective for. Similarly, in early-phase clinical trials, including patients with
specific biomarker profiles rather than all sepsis patients will yield more accurate
treatment outcomes.”® Close collaboration between basic scientists and clinicians
and clinical trial designs that consider patient diversity are essential to bridge the
translational gap.

18.3. Artificial Intelligence and Big Data

18.3.1. Risk Stratification and Identification of Patient Subgroups

In recent years, artificial intelligence (Al) and big data analysis have become
increasingly crucial in sepsis research and patient management. Al can easily
analyze very large-scale data such as electronic health records, laboratory results,
and bedside monitoring data and derive models from these data to predict the
course of the disease. This facilitates early sepsis diagnosis, predicts the disease
course, and stratifies patients based on risk factors.’!

Endotype refers to subgroups within clinically similar patients of a disease,
differentiated according to biological mechanisms. Sepsis is a heterogeneous
syndrome. Hyperinflammatory endotype, immunoparalytic endotype, metabolic
disorder endotype, and mixed profiles are among the endotypes observed in sepsis
patients.'®#? Using machine learning, big data analysis can identify these endotype
patterns. Personalized treatment can be applied based on the identified patterns,
thus laying the foundation for precision medicine in sepsis. Data quality and
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inter-institutional standardization issues can be encountered when creating Al
models.?** Prospective testing is needed to integrate Al-based decision support
into clinical practice. In the future, sepsis treatment could become proactive and
personalized rather than reactive, thanks to the combination of Al and big data.

18.3.2. Artificial Intelligence and Real-Time Data Integration in Sepsis
Management

Clinical decision support systems (CDSS) are computer programs or
algorithms designed to assist clinicians with diagnosis, treatment, and patient
management. Artificial intelligence is increasingly being integrated into these
systems. Machine learning can analyze multidimensional data and identify hidden
patterns. Al models using electronic health records have been found to be more
effective at predicting the onset of sepsis than traditional scoring systems such as

SOFA or SIRS.?3¢

Sepsis is a rapidly changing, dynamic disease. Therefore, patients need to be
evaluated frequently during follow-up. One-time laboratory tests or scores can miss
rapid deterioration. To address this gap, data currently monitored continuously
in the intensive care unit (such as heart rate, blood pressure trends, and oxygen
saturation) can be combined with laboratory results. Deep learning models, when
trained on continuous vital signs, have been shown to predict sepsis 6-12 hours
before clinical diagnosis.”” This suggests that early diagnosis and intervention with
Al can lead to better clinical outcomes.

However, trust in Al-powered CDSSs can be problematic. Al algorithms make
decisions using very complex mathematical operations. The lack of transparency
in decision algorithms (the black-box problem) can make clinicians hesitant to
trust the system.*®** When the algorithm makes the wrong recommendation, this
can lead to ethical and legal issues. The question arises as to whether the wrong
decision is the responsibility of the physician or the company that produced the
algorithm.*’ Systems that lack transparency will create problems for patient safety.
One of the current obstacles to the use of Al in CDSS is the lack of data quality
and inter-institutional standardization. Once these obstacles are overcome, sepsis
treatment with Al-based clinical support systems in the future could become
proactive and personalized, rather than reactive.

18.4. Targeted Therapies and Immunomodulation

18.4.1. Personalized Immune Response Profiling

Sepsis is a syndrome characterized by a wide spectrum of immune responses,
ranging from hyperinflammation to immunosuppression.’* Being able to predict
where a septic patient falls on this spectrum is critical for treatment. Indicators
such as CRP, PCT, and lymphocyte count, which we frequently use in clinical
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practice, provide a rough guide. Soluble mediators and transcriptomic data should
be combined to determine the patient’s immune profile. This allows patients to be
biologically classified into distinct subgroups called endotypes.*!

18.4.1.1 Important Inmune Parameters:

Monocyte HLA-DR (mHLA-DR): Low expression has been associated with
impaired antigen presentation, secondary infection, and poor prognosis.*

Ex vivo cytokine production (e.g., LPS-induced TNF-a): Low expression is
indicative of immune paralysis.*
Soluble mediators: 1L-6, 1L-10, sTREM-1, suPAR, etc. — may indicate

hyperinflammation or immunosuppression.'s,*

Gene expression signatures: They serve as a “fingerprint” showing which genes
are active or suppressed in blood cells. Patients can be divided into different groups
based on their gene expression signatures.®

Lymphocytes: Lymphopenia, T-cell exhaustion markers (PD-1, CTLA-4, TIM-
3), and decreased IFN-y production are indicators of an inadequate or depleted
immune system.*

Neutrophils: Decreased reactive oxygen species (ROS) production and
decreased chemotaxis are indicators of an inadequate host response to infection.’

Determining a patient’s immune profile can guide immunomodulatory
therapies. For example, if mHLA-DR is low, GM-CSF can be used, or if there
is profound T-cell dysfunction, checkpoint inhibitors or IL-7 can be used. It also
helps to gradually reduce treatments when hyperinflammation subsides.*”%

For clinical use, these tests must be standardized and rapid. Composite scores
(e.g., mHLA-DR + TNF-a response + lymphocyte count + a small gene panel)
may be more robust than a single marker.

In the near future, biomarker-based decision support systems are expected to
become essential guides for immunomodulatory treatments. Dynamic monitoring
of mHLA-DR, sTREM-1, or cytokine levels can help determine which patients
will benefit from treatment and at what stage it should be administered.
Integrating this biomarker data into real-time clinical systems will pave the way
for personalized immunotherapies in sepsis treatment.

18.4.2. New Immunomodulatory Agents

The search for effectiveimmunomodulatory therapies in sepsis has been ongoing
for decades, but most early efforts ended in disappointment. Proinflammatory-
targeted drugs such as anti-TNF and IL-1 receptor antagonists have not shown
sufficient clinical benefit.”” There are conflicting results in the literature regarding
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high-dose corticosteroid use. Immunosuppression and secondary infections
are among its undesirable side effects.”® These failures highlighted two major
lessons: First, that sepsis is not a homogeneous disease but a syndrome with
profound biological heterogeneity. Second, that timing and patient selection are
critical to treatment success. Building on these lessons, the next generation of
immunomodulatory agents aims for precise targeting of immune pathways and
tailoring treatment to individual patient phenotypes.

Checkpoint inhibitors are one of the new-generation treatment approaches.
Agents targeting PD-1/PD-L1 and CTLA-4, originally developed for cancer
immunotherapy, have been observed to restore T-cell function in sepsis. These
agents have been found safe in early-phase clinical trials and have demonstrated
potential benefits. However, caution should be exercised during their use due to
the risk of excessive inflammation.”!

Cytokine-targeted therapies have potential, particularly in patients with
hyperinflammatory conditions. IL-6 blockade (e.g., tocilizumab) and GM-CSF
modulation are among the treatments being investigated. Hemoadsorption
and extracorporeal blood purification techniques have also been used to reduce

cytokine overload, but strong evidence that they reduce mortality has not yet been
found.>>>

Mesenchymal stromal cells (MSCs), a cell-based treatment, stand out among
new immunomodulatory therapies. They have potent immunomodulatory, anti-
apoptotic, and tissue-reparative properties. Initial clinical trials (in sepsis and
ARDS) have shown them to be safe. However, larger Phase I1I studies are necessary
to prove their efficacy.”

In summary, broad-spectrum immunosuppressive strategies have failed
in the clinic. Future sepsis research should focus on providing targeted
immunomodulation tailored to patient characteristics.

18.4.3. Phenotype-Guided Treatment Strategies

Sepsis is a complex disease. Therefore, all studies have shown that the
same treatment approach for everyone is inadequate. Sepsis is a syndrome
characterized by a wide range of responses, ranging from extreme
hyperinflammation to immunosuppression. Therefore, the conditions for
modern sepsis treatment are established, differentiated by clinical phenotypes
(observable clinical manifestations) and biological endotypes (subgroups
defined by molecular markers).>

In the hyperinflammatory phenotype, early-stage cytokine storm, disseminated
intravascular coagulation (DIC), and multiorgan involvement can be observed.
These patients benefit from corticosteroids, cytokine blockade, and dialysis with
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cytokine filtering. In the immunosuppressive phenotype, lymphopenia, low
HLA-DR expression in monocytes, and low cytokine production are observed.
GM-CSE, interferon-y, and immune checkpoint therapies may be more suitable
for these patients.*®

In recent years, machine learning and transcriptome analyses have provided
a clearer understanding of some sepsis subtypes. For example, “Sepsis Response
Signature 1 (SSR 1)” is classified as immunosuppressive, while “SRS2” is classified
as more immune-responsive. Seymour et al. also identified four clinical phenotypes
in intensive care patients: @, B, ¥, and 9, each with different risks and treatment
options. Identifying these phenotypes is not only helpful in immunotherapy but
also in general treatment.”® For example, hypoinflammatory phenotypes may
require more aggressive fluid and hemodynamic support, while hyperinflammatory
types may require restrictive fluid therapy.”

Phenotypes and endotypes were identified through analysis of recorded data
up to patient outcomes. It is important to recognize the clinical relevance of these
phenotypes when initiating sepsis treatment for clinically beneficial decision-
making. Tools to rapidly measure and analyze these phenotypes are needed in
future sepsis studies. Developing these tools will allow for personalized and
promising treatment in sepsis.

18.5. Innovations in Clinical Trial Design

18.5.1. Adaptive and Platform Trial Designs

Traditional randomized controlled trials (RCTs) in sepsis have some limitations.
These studies typically take a considerable amount of time to complete, and
their study designs are often rigid. Therefore, adaptive study designs have gained
prominence in recent years.

Adaptive studies enable changes to the study’s course based on accumulating
data, within predetermined rules. For example, changes can be made during the
study, such as modifying randomization rates, discontinuing treatment arms
deemed futile, or adding new treatment arms. This flexibility both accelerates the
evidence generation process and ensures efficient use of resources.’®

A prime example of this is the REMAP-CAP (Randomized Embedded
Multifactorial Adaptive Platform Trial for Community-Acquired Pneumonia)
study. This platform study demonstrated its strengths during the COVID-19
pandemic.”® Unlike traditional research, platform studies enable the simultaneous
testing of multiple treatments under a single protocol. Furthermore, these studies
can continue indefinitely and can be easily integrated into the infrastructure
as new research questions are added or new therapies emerge. This approach
is particularly relevant in a disease as heterogeneous as sepsis, where treatment
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options are constantly evolving. By combining efficacy and flexibility, adaptive
platform studies have the potential to significantly transform how sepsis treatments
are tested and validated in the future.

18.5.2. The Role of Global, Multicenter Collaborations

The incidence of sepsis varies across the world. There are also significant
differences in the causes and outcomes of sepsis. For example, in high-income
countries, sepsis is often hospital-acquired and is caused by multidrug-resistant
microorganisms. In low- and middle-income countries, community-acquired
infections, limited healthcare resources, and delays in diagnosis pose serious
challenges.” Such disparities between countries and regions reduce the universal
validity of sepsis research results. This has highlighted the importance of global
and multicenter collaborations in sepsis research.

International collaborations are instrumental in harmonizing protocols and
accelerating the discovery process. The REMAP-CAP platform, the International
Sepsis Forum (ISF), and the Surviving Sepsis Campaign are shining examples of
the power of such collaborative efforts. These initiatives have demonstrated the
effectiveness of adaptive platform studies conducted across multiple continents.
By testing various treatment options simultaneously, these studies have yielded
practice-changing results in a relatively short time.”” The use of adaptive and
platform designs in these studies has significantly reduced both time and cost,
making them a practical and efficient choice for sepsis research.

By including patients from diverse populations in sepsis studies through
global collaborations, sepsis subphenotypes across different populations can be
studied. This allows us to identify geographic and demographic differences in
treatment response. The establishment of international research platforms and,
crucially, data-sharing initiatives is essential for future sepsis research. Only
through transparency and cooperation can universally applicable sepsis treatment
strategies be achieved.

18.6. Future Research Priorities

18.6.1. Early Diagnosis and Multidisciplinary Approaches

Early diagnosis in sepsis is not just important, it is urgent. Some sepsis
patients are still diagnosed only after organ failure has developed. These delays
result in the inability to initiate prognostic interventions. Therefore, the priority
of future sepsis research should be the development of rapid, sensitive, and
specific diagnostic tools. These tools should be available at the bedside (point-of-
care), even in resource-limited settings. Microfluidic platforms, multiplex assays,
and bedside molecular diagnostic methods are examples of technologies that can
shorten the time to diagnosis and facilitate timely treatment decisions.**¢!
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Following diagnosis, a multidisciplinary approach is crucial for improving
sepsis outcomes. Many specialties, including infectious diseases, immunology,
intensive care, surgery, pharmacology, bioinformatics, and even psychiatry, must
collaborate in the management of sepsis patients. Collaborations between basic
science researchers, clinicians, engineers, and data scientists will accelerate the
translation of new findings into clinical practice.®? However, the multidisciplinary
approach must not stop at the hospital doors. Public health professionals and
primary care providers are not just important; they are crucial, particularly in
developing early diagnosis pathways and prehospital diagnosis. Their role in
awareness and education campaigns targeting both healthcare professionals and
the public is critical for the timely recognition and referral of suspected sepsis
cases. Innovative diagnostic methods and the development of multidisciplinary
frameworks will be key factors in reducing sepsis-related mortality and morbidity
in the years to come.

18.6.2. Applicable Technologies in Low- and Middle-Income Countries
(LMICs)

Sepsis poses a much heavier burden in low- and middle-income countries
(LMICs). Key reasons for this include infrastructure deficiencies, delays in
diagnosis, and barriers to accessing treatment.® Therefore, for future research
to have a global impact, innovations must be scalable, cost-effective, and
context-appropriate.

In these resource-limited settings, point-of-care diagnostic testing will be
extremely useful. Microfluidic platforms, multiplex assays, and bedside molecular
analyses can enable rapid and sensitive detection of infections and antibiotic
resistance, even in the absence of centralized laboratories. Furthermore, portable
test kits for simple biomarkers such as lactate, CRP, and PCT can aid in early
triage and critical treatment decisions.*

Furthermore, digital health and mobile technologies hold great potential
in LMICs. Observational studies suggest that tele-ICU applications and tele-
consultations can improve sepsis survival, particularly in hospitals serving
underserved populations. For example, mobile screening tools implemented in
Africa have resulted in tangible improvements in sepsis care by reducing the time
to antibiotic initiation.”

Wearable sensors are also emerging as a new field. Low-cost, energy-efficient
devices can provide early warnings with continuous vital sign monitoring and on-
board sepsis prediction algorithms, all with minimal infrastructure requirements.
Studies and adaptations regarding sepsis care in LMIC settings are needed.
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18.6.3. Health Policy and Financing Models

Scientific and technological innovations alone are not sufficient in combating
sepsis. Strong health policies and sustainable financing models are also crucial
for disease management. The World Health Assembly’s recognition of sepsis as a
global health priority in 2017 marked a turning point in this area.®!

Effective health policies and national surveillance systems are crucial in the
battle against sepsis. National sepsis registries and mandatory reporting programs,
as seen in some European countries, are instrumental in providing valuable
epidemiological data. This data is essential for efficient resource allocation and for
assessing the impact of interventions.® Furthermore, integrating sepsis care with
existing antimicrobial resistance programs, maternal and child health initiatives,
and infection control strategies will increase efficiency and sustainability.

Financing is a major challenge in patient management, particularly in
LMICs. In addition to intensive care treatment costs for sepsis patients, long-
term morbidity in survivors is a significant cost driver. Therefore, innovative
approaches such as global health partnerships and dedicated sepsis research
funding are critical. Furthermore, conducting cost-effectiveness analyses of new
diagnostics and treatments will ensure that these innovations are affordable and
equitably accessible. Global coordination also plays a key role in combating sepsis.
International initiatives, such as the Global Sepsis Alliance and the Surviving
Sepsis Campaign, have demonstrated that aligned policy frameworks can rapidly
improve awareness and quality of care.

The future of sepsis management is promising, with a focus not only on
technological innovations but also on implementation, equity, and sustainability.
This emphasis on future research offers a basis for optimism regarding the potential
advancements in this field.

Ultimately, a successful future for sepsis requires combining scientific
innovation with global equity and systems-level policies. Only in this way can the
gap between discovery and implementation be bridged and the burden of sepsis
significantly reduced in the coming years.

18.7. Conclusion

18.7.1. Bridging the Gap from Basic Science to Clinical Practice

Basic science studies over the last two decades have shed light on the complex
mechanisms of sepsis, including disruptions to the immune response, endothelial
damage, metabolic changes, and interactions with the microbiome. However,
many of these findings have not yet been translated into daily practice due to
the diversity of patient populations and the limitations of conventional clinical
research methods. To address this gap, knowledge obtained in the laboratory
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must be validated in appropriate animal models, tested in small-scale biomarker-
based studies, and then translated into multicenter, adaptable clinical trials.
Furthermore, it is vital that laboratory data guide clinical hypotheses, while
patient data obtained in the clinic feed back into basic science to refine models.
Through such a two-way interaction, scientific discoveries do not remain solely
theoretical; they can translate into tangible benefits for patient treatment.

18.7.2. Steps Toward True Precision Medicine in Sepsis

Achieving precision medicine in sepsis demands a shift from population-wide
interventions to individualized, dynamic treatment strategies. Several key steps are essential:

1. Patient Stratification — Implement routine use of biomarker panels,
transcriptomic or proteomic signatures, and immune profiling to define
endotypes (e.g., hyperinflammatory vs immunosuppressed).

2. Adaptive Clinical Trials — Embed these biological signatures into inclusion
criteria and trial design, ensuring therapies are tested in the subgroups
most likely to benefit.

3. Integration of Digital Tools — Leverage artificial intelligence, electronic
health record analytics, and wearable monitoring devices for real-time risk
assessment and therapy guidance.

4. Global Accessibility — Ensure that new diagnostics and therapeutics are
evaluated for scalability and affordability in low- and middle-income
countries, where sepsis burden is highest.

5. Sustainable Policies and Funding — Align health policy frameworks with
sepsis research priorities, establishing long-term investment in both
discovery and implementation science.

Ultimately, true precision medicine will only be realized when sepsis therapies
are timely, tailored, and globally accessible—delivered not to the “average patient,”
but to the right patient, at the right time, with the right intervention.

Looking Ahead: The Future of Sepsis Research

Research in the coming years will reveal whether sepsis will remain a fatal disease
or evolve into a condition that can be rapidly recognized and effectively treated. In
the near future, sepsis care is expected to be guided by real-time immune profiling
at the bedside. A small blood sample and continuous physiological monitoring
will enable a patient’s biological status to be rapidly assessed, allowing for the
most effective treatment to be recommended. Artificial intelligence will combine
this data with genetic and environmental information to create a digital replica
of the patient, enabling the prediction of the disease course and the simulation of
treatment strategies before implementation.
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Furthermore, global research networks and adaptive platform studies will
enable rapid and comprehensive testing of new treatments. Another advantage of
these structures is the equal participation of low- and middle-income countries in
the process, which allows for more equitable access to innovation. Future research
will not only focus on acute survival but also prioritize restoring long-term quality
of life and functionality for millions of patients.

If these goals are achieved, sepsis management will go beyond mere supportive
care; it will evolve into truly personalized, globally accessible care. In such a future,
the unpredictable and chaotic nature of sepsis will give way to early diagnosis,
customized treatment, and durable recovery, transforming the syndrome into one
defined by science, equity, and hope.
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