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By 2050, intensive care medicine will evolve from reliance 
on treatment protocols, guidelines, consensus defini-
tions, and organ support to regularly applying the princi-
ples of precision medicine. Precision medicine entails the 
customization of therapies based on unique features of 
an individual patient or of patient subtypes. At a funda-
mental level, we already practice precision medicine. For 
example, among patients with cardiovascular shock, we 
select different pharmacologic agents on the basis of the 
etiology of shock. However, the hope is that the field can 
evolve toward a more granular form of precision medi-
cine, wherein we directly address the unique molecular 
and biological features of an individual patient. For exam-
ple, the rapidly evolving discipline of pharmacogenomics 
provides an opportunity to tailor drug selection and dos-
ing based on genetic variants modifying drug response 
and metabolism [1].

Oncology is a primary area of investment for preci-
sion medicine initiatives [2]. This is appropriate given 
the public health burden of cancer, and the heterogene-
ous biological features of cancers. Intensive care medi-
cine is an equally valid area in which to develop precision 
medicine, because it also represents a major health care 
burden. Further, critical illness typically reflects complex 
syndromes resulting from heterogeneous and dynamic 
biological processes.

Enrichment strategies are fundamental for disentan-
gling the biological heterogeneity of critical illness and 
thus embracing precision medicine. Enrichment refers to 
the selection of patients in whom an intervention is more 
likely to be effective, as compared to unselected patients 
[3]. There are two broad categories of enrichment 

strategies. Prognostic enrichment entails the selection 
of patients who are more likely to have a disease-related 
event, such as mortality. Predictive enrichment entails the 
selection of patients who are more likely to respond to an 
intervention based on a biological mechanism. This form 
of enrichment is more challenging because it requires a 
clear understanding of the biological mechanisms that 
directly contribute to the disease process of interest. 
For critical illness, this is an area where there exist many 
knowledge gaps.

Recent studies in sepsis and acute respiratory distress 
syndrome (ARDS) provide relevant examples of evolving 
enrichment strategies for critical illness. The examples 
highlight opportunities for molecular characterization 
of dysregulated and variable host responses that lead 
to critical illness. Using a combination of clinical and 
metabolomics data, Langley et al. developed a prognos-
tic enrichment strategy to estimate the risk of mortal-
ity among patients with sepsis [4]. Similar efforts were 
developed for children with sepsis, but based on a panel 
of protein biomarkers [5, 6]. The most recent effort in 
this area involved a multi-research group collaboration 
that leveraged publically available transcriptomic data to 
develop and validate prognostic models for patients with 
sepsis [7].

With regard to predictive enrichment, Meyer et  al. 
reported a coding variant of the interleukin-1 recep-
tor antagonist (IL1RA) gene associated with increased 
production of IL1RA and decreased mortality among 
patients with ARDS or septic shock [8, 9]. This is particu-
larly exciting given the availability of recombinant IL1RA 
for human use. In a precision medicine approach, this 
biological agent would be considered mainly for patients 
without the coding variant. Calfee et  al. used clini-
cal and biomarker data to identify subtypes of patients 
with ARDS [10]. Importantly, subtype membership was 
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associated with differential responses to PEEP and fluid 
management strategies [10, 11]. Similarly, Davenport 
et  al. used transcriptomics to identify two subtypes of 
patients with sepsis based on a sepsis response signa-
ture (SRS) [12]. The SRS1 signature indicates immune 
suppression, and patients allocated to this group have 
higher mortality compared to patients allocated to the 
SRS2 group. The existence of SRS1 and SRS2 sepsis sub-
types was recently validated [13]. Analogous subtypes 
were reported among children with septic shock and the 
method for subtype identification was simplified for clin-
ical application [14, 15]. These sepsis subtypes could be 
useful for more precise targeting of immune modulating 
therapies.

Figure  1 depicts a conceptual approach for applying 
prognostic and predictive enrichment strategies to enable 
precision intensive care medicine. Here, an otherwise het-
erogeneous cohort of patients with sepsis, as an example, 
is separated on the basis of the risk for poor outcome, 
using prognostic enrichment. Those with a low risk for 
poor outcome are treated with standard care and not con-
sidered for adjunctive therapies. The higher risk patients 
are further separated on the basis of a predictive enrich-
ment strategy, which identifies patients who are candidates 
for therapies beyond standard care, targeting a specific 
biological mechanism. This approach requires robust and 
generalizable enrichment strategies in order to be effec-
tive. As proof of principle, a recent post hoc analysis com-
bined prognostic and predictive enrichment strategies to 
identify a subgroup of children with septic shock who are 
more likely to respond favorably to corticosteroids [3].

Time is a major consideration for developing enrich-
ment strategies for critical illness. Decision-making in 

this population is time sensitive because of acuity and 
rapid clinical trajectories. Accordingly, effective enrich-
ment strategies for critical illness must be developed to 
generate actionable data within a few hours. The tech-
nologies for achieving this capability are evolving rapidly. 
A related factor is the dynamic nature of critical illness. 
The technologies of 2050 will allow us to capture rapidly 
changing biological responses in real time, making it pos-
sible to more finely monitor treatment responses and 
titrate therapies.

Another major consideration is the source of biologi-
cal materials used for enrichment strategies. All of the 
aforementioned examples of enrichment strategies rely 
on blood samples. While the blood compartment is an 
unquestionably rich source of biological information, it 
fails to fully capture organ-specific biological processes in 
critically ill patients. Thus, the technologies of 2050 will 
allow us to interrogate organ-specific biological mecha-
nisms among critically ill patients. This capability will 
be represent a major enabler of precision intensive care 
medicine.

In summary, the complexity and heterogeneity of criti-
cal illness are ideally suited for the promises of precision 
medicine. Bringing these promises to fruition by the year 
2050 requires the development of time-sensitive enrich-
ment strategies, founded on a better understanding of the 
dynamic biological processes that contribute to critical 
illness.

Author details
1 Division of Critical Care Medicine, MLC 2005, Cincinnati Children’s Hospital 
Medical Center, 3333 Burnet Avenue, Cincinnati, OH 45229, USA. 2 Department 
of Pediatrics, Cincinnati Children’s Research Foundation, University of Cincin-
nati College of Medicine, Cincinnati, OH, USA. 

Compliance with ethical standards

Funding source
Supported by National Institutes of Health Grants RO1GM099773 and 
R01GM108025.

Conflicts of interest
The Cincinnati Children’s Research Foundation and the author hold US patents 
and have US patents pending for some of the enrichment strategies described 
in this manuscript.

Received: 26 January 2017   Accepted: 12 February 2017
Published online: 24 February 2017

References
 1. Dickmann LJ, Ware JA (2016) Pharmacogenomics in the age of personal-

ized medicine. Drug Discov Today Technol 21(22):11–16
 2. Collins FS, Varmus H (2015) A new initiative on precision medicine. N Engl 

J Med 372:793–795
 3. Wong HR, Atkinson SJ, Cvijanovich NZ, Anas N, Allen GL, Thomas NJ, 

Bigham MT, Weiss SL, Fitzgerald JC, Checchia PA, Meyer K, Quasney M, 
Hall M, Gedeit R, Freishtat RJ, Nowak J, Raj SS, Gertz S, Lindsell CJ (2016) 

Fig. 1 Schematic depicting a general approach to the application 
of prognostic and predictive enrichment strategies in critical illness. 
Individual patients in a sepsis cohort, as an example, are represented 
by circles filled with different colors to reflect patients with similar 
prognostic and predictive characteristics. See text for further details



1509

Combining prognostic and predictive enrichment strategies to identify 
children with septic shock responsive to corticosteroids. Crit Care Med 
44:e1000–e1003

 4. Langley RJ, Tsalik EL, van Velkinburgh JC, Glickman SW, Rice BJ, Wang C, 
Chen B, Carin L, Suarez A, Mohney RP, Freeman DH, Wang M, You J, Wulff 
J, Thompson JW, Moseley MA, Reisinger S, Edmonds BT, Grinnell B, Nelson 
DR, Dinwiddie DL, Miller NA, Saunders CJ, Soden SS, Rogers AJ, Gazourian 
L, Fredenburgh LE, Massaro AF, Baron RM, Choi AM, Corey GR, Ginsburg 
GS, Cairns CB, Otero RM, Fowler VG Jr, Rivers EP, Woods CW, Kingsmore SF 
(2013) An integrated clinico-metabolomic model improves prediction of 
death in sepsis. Sci Transl Med 5:195ra95

 5. Wong HR, Salisbury S, Xiao Q, Cvijanovich NZ, Hall M, Allen GL, Thomas 
NJ, Freishtat RJ, Anas N, Meyer K, Checchia PA, Lin R, Shanley TP, Bigham 
MT, Sen A, Nowak J, Quasney M, Henricksen JW, Chopra A, Banschbach 
S, Beckman E, Harmon K, Lahni P, Lindsell CJ (2012) The pediatric sepsis 
biomarker risk model. Crit Care 16:R174

 6. Wong HR, Cvijanovich NZ, Anas N, Allen GL, Thomas NJ, Bigham MT, 
Weiss SL, Fitzgerald J, Checchia PA, Meyer K, Quasney M, Hall M, Gedeit R, 
Freishtat RJ, Nowak J, Raj SS, Gertz S, Howard K, Harmon K, Lahni P, Frank 
E, Hart TC, Nguyen TC, Lindsell CJ (2016) PERSEVERE II: redefining the 
pediatric sepsis biomarker risk model with septic shock phenotype. Crit 
Care Med 44:2010–2017

 7. Sweeney TE, Perumal TM, Henao R, Nichols M, Howrylak JA, Choi AM, 
Bermejo-Martin JF, Almansa R, Tamayo E, Davenport EE, Burnham KL, 
Hinds CJ, Knight JC, Kingsmore SF, Woods CW, Ginsburg GS, Wong HR, 
Parnell GP, Tang B, Moldawer LL, Moore FE, Omberg L, Khatri P, Tsalik EL, 
Mangravite LM, Langley RJ (2016) Mortality prediction in sepsis via gene 
expression analysis: a community approach. bioRxiv.  doi:10.1101/095489

 8. Meyer NJ, Feng R, Li M, Zhao Y, Sheu CC, Tejera P, Gallop R, Bellamy S, 
Rushefski M, Lanken PN, Aplenc R, O’Keefe GE, Wurfel MM, Christiani DC, 
Christie JD (2013) IL1RN coding variant is associated with lower risk of 
acute respiratory distress syndrome and increased plasma IL-1 receptor 
antagonist. Am J Respir Crit Care Med 187:950–959

 9. Meyer NJ, Ferguson JF, Feng R, Wang F, Patel PN, Li M, Xue C, Qu L, Liu Y, 
Boyd JH, Russell JA, Christie JD, Walley KR, Reilly MP (2014) A functional 
synonymous coding variant in the IL1RN gene is associated with survival 
in septic shock. Am J Respir Crit Care Med 190:656–664

 10. Calfee CS, Delucchi K, Parsons PE, Thompson BT, Ware LB, Matthay MA 
(2014) Subphenotypes in acute respiratory distress syndrome: latent class 
analysis of data from two randomised controlled trials. Lancet Respir Med 
2:611–620

 11. Famous KR, Delucchi K, Ware LB, Kangelaris KN, Liu KD, Thompson BT, 
Calfee CS (2016) ARDS subphenotypes respond differently to randomized 
fluid management strategy. Am J Respir Crit Care Med 195:331–338

 12. Davenport EE, Burnham KL, Radhakrishnan J, Humburg P, Hutton P, Mills 
TC, Rautanen A, Gordon AC, Garrard C, Hill AV, Hinds CJ, Knight JC (2016) 
Genomic landscape of the individual host response and outcomes in 
sepsis: a prospective cohort study. Lancet Respir Med 4:259–271

 13. Burnham KL, Davenport EE, Radhakrishnan J, Humburg P, Gordon AC, 
Hutton P, Svoren-Jabalera E, Garrard C, Hill AV, Hinds CJ, Knight JC (2016) 
Shared and distinct aspects of the sepsis transcriptomic response to 
fecal peritonitis and pneumonia. Am J Respir Crit Care Med. doi:10.1164/
rccm.201608-1685OC

 14. Wong HR, Cvijanovich NZ, Anas N, Allen GL, Thomas NJ, Bigham MT, 
Weiss SL, Fitzgerald J, Checchia PA, Meyer K, Shanley TP, Quasney M, Hall 
M, Gedeit R, Freishtat RJ, Nowak J, Shekhar RS, Gertz S, Dawson E, Howard 
K, Harmon K, Beckman E, Frank E, Lindsell CJ (2015) Developing a clini-
cally feasible personalized medicine approach to pediatric septic shock. 
Am J Respir Crit Care Med 191:309–315

 15. Wong HR, Sweeney TE, Lindsell CJ (2017) Simplification of a septic shock 
endotyping strategy for clinical application. Am J Respir Crit Care Med 
195:263–265

http://dx.doi.org/10.1101/095489
http://dx.doi.org/10.1164/rccm.201608-1685OC
http://dx.doi.org/10.1164/rccm.201608-1685OC

	Intensive care medicine in 2050: precision medicine
	References




