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CLINICAL INVESTIGATION

Immune Profiling Panel Gene Set Identifies
Critically lll Patients With Low Monocyte
Human Leukocyte Antigen-DR Expression:
Preliminary Results From the REAnimation
Low Immune Status Marker (REALISM) Study

OBIJECTIVES: There is a crucial unmet need for biomarker-guided diagnostic and
prognostic enrichment in clinical trials evaluating immune modulating therapies in
critically ill patients. Low monocyte expression of human leukocyte antigen-DR
(mHLA-DR), considered as a reference surrogate to identify immunosuppressed
patients, has been proposed for patient stratification in immunostimulation
approaches. However, its widespread use in clinic has been somewhat hampered
by technical constraints inherent to flow cytometry technology. The objective of
the present study was to evaluate the ability of a prototype multiplex polymerase
chain reaction tool (immune profiling panel [IPP]) to identify immunosuppressed
ICU patients characterized by a low mHLA-DR expression.

DESIGN: Retrospective observational cohort study.
SETTING: Adult ICU in a University Hospital, Lyon, France.

PATIENTS: Ciritically ill patients with various etiologies enrolled in the REAnimation
Low Immune Status Marker study (NCT02638779).

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: mHLA-DR and IPP data were
obtained from 1,731 blood samples collected from critically ill patients with various
etiologies and healthy volunteers. A partial least square regression model com-
bining the expression levels of IPP markers was trained and used for the identifi-
cation of samples from patients presenting with evidence of immunosuppression,
defined here as mHLADR less than 8,000 antibodies bound per cell (AB/C). The
IPP gene set had an area under the receiver operating characteristic curve (AUC)
of 0.86 (95% CI 0.83-0.89) for the identification of immunosuppressed patients.
In addition, when applied to the 123 patients still in the ICU at days 5-7 after ad-
mission, IPP similarly enriched the number of patients with ICU-acquired infections
in the immunosuppressed group (26%), in comparison with low mHLA-DR (22%).

CONCLUSIONS: This study reports on the potential of the IPP gene set to identify
ICU patients presenting with mHLA-DR less than 8,000 AB/C. Upon further opti-
mization and validation, this molecular tool may help in the stratification of patients
that could benefit from immunostimulation in the context of personalized medicine.

KEY WORDS: gene expression; human leukocyte antigen-DR; immunologic
monitoring; intensive care units; monocytes

BACKGROUND

Syndrome heterogeneity has been suggested as the main reason to explain the
failure of decades of anti-inflammatory strategies for the treatment of sepsis

Critical Care Medicine

Estelle Peronnet, PhD'?

Sophie Blein, PhD?

Fabienne Venet, PharmD, PhD*%
Elisabeth Cerrato, MSCI'2
Aurore Fleurie, PhD'?
Jean-Francois Llitjos, MD, PhD"2¢
Louis Kreitmann, MD'

Gabriel Terraz, PhD'

Filippo Conti, PhD'

Morgane Gossez, PharmD, PhD*5
Thomas Rimmelé, MD, PhD'¢
Julien Textoris, MD, PhD'7

Anne-Claire Lukaszewicz, MD,
PhD'®

Karen Brengel-Pesce, PhD'2

Guillaume Monneret, PharmD,
PhD'#

for the REAnimation Low
Immune Status Marker
(REALISM) Study Group

Copyright © 2023 The Author(s).
Published by Wolters Kluwer Health,
Inc. on behalf of the Society of Critical
Care Medicine and Wolters Kluwer
Health, Inc. This is an open-access
article distributed under the terms of
the Creative Commons Attribution-
Non Commercial-No Derivatives
License 4.0 (CCBY-NC-ND), where
it is permissible to download and
share the work provided it is properly
cited. The work cannot be changed
in any way or used commercially
without permission from the journal.

DOI: 10.1097/CCM.0000000000005832

www.ccmjournal.org 1



€20¢/ST/E0 Uo

1871ZIMNZIDBPXZOBBqe0ATOAEIOYIASALLIAIPO0AEIEAHIOINI/dD AUMY TXOM

ADUOINXFOHISABZIYTCA+eYNIOITWNOTZTACHHJISHINAYE AQ [euInolwad/wod mm| sfeulnoly:dny woly papeojumod

Peronnet et al

-
@\ KEY POINTS

Question: Can a prototype multiplex polymerase
chain reaction tool (immune profiling panel, IPP)
identify ICU patients with evidence of immuno-
suppression, defined as monocyte expression of
human leukocyte antigen-DR expression less than
8,000 antibodies bound per cell?

Findings: In this retrospective observational co-
hort study, /PP had an area under the receiver
operating characteristic curve of 0.86 for the iden-
tification of samples indicative of immunosuppres-
sion in ICU patients. When applied to patients still
in the ICU at days 5-7, IPP enriched the number
of patients with ICU-acquired infections in the im-
munosuppressed group.

Meaning: This study reports on the potential of an
IPP prototype to identify immunosuppressed ICU
patients with an automated system. This may help
in guiding future personalized immunomodulating
strategies.

. J

(1). This highlights the crucial need for patient strat-
ification to enable a more individualized approach.
Immunoinflammatory response following sepsis is com-
plex as it rapidly evolves over time and varies accord-
ing to location and cell type, in a compartmentalized
manner (2). Briefly, at the systemic level, sepsis path-
ophysiology is characterized by a tremendous inflam-
matory response that is accompanied by concomitant
anti-inflammatory feedback acting as a compensatory
mechanism. As a result, immunosuppression tempo-
rarily occurs but may persist in subgroups of patients.
This immunosuppressive phase has been repeatedly
found to induce detrimental consequences on patients’
outcomes (3, 4). A similar mechanism is involved after
noninfectious insults such as trauma or major surgery
(5). Consequently, adjunctive immunostimulation is
now being explored as a means to counterbalance this
immunosuppressive response and restore patients’
immune functions. However, in order not to reproduce
errors from the past in anti-inflammatory strategies, this
novel approach would benefit from identifying groups
of patients presenting with a high level of immunosup-
pression. Since there is no clinical sign of immunosup-
pression, such stratification should be based on immune
biomarkers. Consensus now exists for considering low

2 www.ccmjournal.org

monocyte expression of human leukocyte antigen-DR
expression (mHLA-DR) as the reference surrogate
to diagnose sepsis-induced immunosuppression (3).
Thanks to standardized measurement, a clinical de-
cision-making threshold has been proposed, that is,
mHLA-DR less than 8,000 antibodies bound per cell
(AB/C), and used to stratify sepsis patients in a success-
tul pioneering immunostimulation study (6). Several
ongoing clinical trials also based patient stratification
on the same threshold (NCT02361528, NCT04990232).

To date, mHLA-DR expression is assessed by flow
cytometry, a technology that presents barriers to clin-
ical deployment, including preanalytical constraints,
the need for skilled technicians, and a lack of round-
the-clock access.

Recently, various transcriptomic approaches have
been proposed to better characterize septic patients.
Among them is the immune profiling panel (IPP), a
prototype multiplex polymerase chain reaction (PCR)
tool that enables assessment of a set of messenger RNA
(mRNA) markers involved in the main immune func-
tions dysregulated in ICU patients (7). Most impor-
tantly, this overview of patients’ immune status can
be obtained in whole blood in less than an hour using
the fully automated BioFire FilmArray system (BioFire
Diagnostics, LLC, Salt Lake City, UT).

The objective of the present study was to evaluate the
ability of the IPP gene set to identify patients present-
ing with mHLA-DR expression less than 8,000 AB/C,
a threshold indicative of immunosuppression (6). For
this purpose, we took advantage of the REAnimation
Low Immune Status Marker (REALISM) study (5) for
which more than 1,700 samples with known mHLA-
DR values were available.

METHODS

Patients and Samples

Patients and samples are from the REALISM study, in
which 353 critically ill patients with different etiolo-
gies (sepsis, trauma, elective surgery) were enrolled,
as well as 175 healthy volunteers. Peripheral whole
blood was collected in EDTA and in PAXgene Blood
RNA tubes (PreAnalytiX GmbH, Hombrechtikon,
Switzerland) at different time-points from study in-
clusion to day 60, with up to seven samples per pa-
tient (5, 8). Healthy volunteers were sampled once.
Written informed consent was obtained from each

XXX 20283  Volume 51 * Number 5
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healthy volunteer and patient upon inclusion. The
study protocol was approved on December 3, 2015, by
the Institutional Review Board (Comité de Protection
des Personnes Sud-Est II) under number 2015-42-2
and is in accordance with the Helsinki Declaration
of 1975. It was also registered at ClinicalTrials.gov
(NCT02638779).

IPP Measurement

PAXgene samples were stabilized for at least 2 hours
after collection at room temperature and then frozen at
-80°C following the manufacturer’s recommendations.
RNA was then isolated using Maxwell HT simplyRNA
Kit (AX2420; Promega Corporation, Madison, WI).
RNA concentration was determined using QuantiFluor
RNA system (E3310; Promega Corporation) on the
GloMax Discover Microplate Reader (Promega). RNA
integrity was assessed using the RNA 6000 Nano Kit
(Agilent Technologies, Santa Clara, CA) on the Agilent
2100 Bioanalyzer (Agilent Technologies).

The determination of the mRNA expression level
of host response markers was performed on the
FilmArray Torch Instrument (BioFire), as previously
described (7, 9), by injecting 200 ng of isolated RNA
in the IPP prototype (not submitted for regulatory re-
view at the time of writing). Briefly, all freeze dried
reagents are enclosed in a disposable pouch. After hy-
dration and sample injection, the pouch is loaded in
the FilmArray Torch Instrument (BioFire), in which
sample preparation, reverse transcription, and nested
PCR are performed. Among the 26 mRNAs available
on IPP, we selected 11 markers on the basis of the lit-
erature (10-15) and preliminary analysis from the
REALISM study (5) (Table 1). Normalized expression
values were computed for each marker and used for
the analyses.

mHLA-DR Measurement

The determination of the number of human leukocyte
antigen-DR (HLA-DR) molecules per monocyte using
the BD Quantibrite standardized method (HLA-DR:
340827; Quantibrite: 340495; Becton Dickenson,
Franklin Lakes, NJ) was performed on fresh EDTA
blood samples, within 3 hours after collection, as pre-
viously described (16). Samples were considered as
immunosuppressed when mHLA-DR less than 8,000
AB/C and as immunocompetent otherwise.

Critical Care Medicine

TABLE 1.

Prototype Immune Profiling Panel Gene
Set

Genes Name

C3AR1 Complement C3a receptor 1

CD177 CD177 molecule

CD3D CD3d molecule

CD74 CD74 molecule

CIITA Class Il major histocompatibility com-
plex transactivator

CTLA4 Cytotoxic T-lymphocyte associated
protein 4

CX3CR1 C-X3-C motif chemokine receptor 1

IFNG Interferon gamma

IL1R2 Interleukin 1 receptor 2

S7100A9 S100 calcium binding protein A9

TAP2 Transporter 2, adenosine

triphosphate binding cassette
subfamily B member

Statistical Analysis

IPP Model for the Identification of Samples With
mHLA-DR Less Than 8,000 AB/C. All samples for
which both mHLA-DR and IPP measurements were
available were used in the analysis.

A machine learning approach was implemented to
predict immune status (i.e., immunosuppressed or im-
munocompetent), based on a linear regression that used
a space dimension reduction: the partial least square-dis-
criminant analysis (PLS-DA) regression. This classifica-
tion method can simultaneously manage a large number
of predictors, even if they are highly intercorrelated, which
would hinder the identification of the features primarily
associated with the outcome. Data were divided into
a train set containing 1,221 samples (70%) to build the
model and a test set containing the 510 remaining samples
(30%) to assess the performance. The separation between
the train and test set was balanced on mHLA-DR classes,
sampling time-point, and patient etiology. The PLS-DA
regression model combining the centered and scaled ex-
pression levels of the 11 IPP markers was trained using
repeated cross-validation 20X-5-fold for the prediction of
mHLA-DR below 8,000 AB/C. Synthetic minority over-
sampling technique oversampling was used to balance
the training set between categories. Fine-tuning (number

www.ccmjournal.org 3
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of components) was performed manually from one to the
maximum number of components, with mean area under
the receiver operating characteristic curve (AUC) across
repetitions used to select the best number of components.
The final PLS-DA model was built on the entire training
set. Model performance was then evaluated on the test set
by calculating AUC and its CI (bootstrap method, 2,000
replicates), accuracy, sensitivity, specificity, positive pre-
dictive value, and negative predictive value.

IPP Performance in the Group of Patients Still in
the ICU at Days 5-7. The IPP model was applied to all
the patients who were still in the ICU at days 5-7 and
who had not developed any ICU-acquired infection
at this time. This group of patients, still at risk of poor
outcomes, may constitute a target for patient stratifica-
tion before immunotherapy administration. A descrip-
tive analysis of patient outcomes according to immune
status defined by mHLA-DR or predicted by the IPP
model was performed, using appropriate statistical tests.

Statistical analyses were performed using R software
Version 3.6.2 (R Foundation for Statistical Computing,
Vienna, Austria), with caret v6.0-91 and pls v2.8-0
packages for machine learning.

RESULTS

mHLA-DR and IPP measurements were available
for 1,731 samples (163 from healthy volunteers and

1,568 from 351 patients) (detailed description in [5]).
Overall, 34% of mHLA-DR values were below 8,000
AB/C (Fig. 1).

CD3D, CD74, CIITA, CTLA4, CX3CRI, IFNg, and
TAP2 were down-regulated in the immunosuppressed
group, whereas C3ARI, CD177, ILIR2, and SI00A9
were up-regulated (eFig. 1, http://links.lww.com/
CCM/H303). The final trained model used the com-
bined expression levels of these 11 markers to pre-
dict the mHLA-DR class, defined by the 8,000 AB/C
threshold. It exhibited good performance, with an
AUC of 0.86 (95% CI 0.83-0.89) on the test set, and a
concordance of 80% with true mHLA-DR classes (Fig.
2). A sensitivity analysis performed without healthy
volunteers showed a concordance of 78% (Table 2).

For comparison, a logistic regression model using
only CD74 mRNA expression as a single surrogate of
mHLA-DR (17) had lower performance (AUC 0.77
[95% CI 0.73-0.81]), illustrating the significant contri-
bution of the IPP gene set.

We also evaluated the proportions of immunosup-
pressed patients in the different etiologies (i.e., sepsis,
trauma, and surgery patients) as well as their evolu-
tion over time. As depicted in eFigure 2 (http://links.
lww.com/CCM/H303), we observed that patients were
identified as immunosuppressed in all etiologies and
that the evolution was comparable between the sub-
groups, with a decreasing proportion of immunosup-
pressed patients over time.

250

200 — 1

150 —

Sample count

50 4

[ Heathy volunteers
[] Patients samples with mHLA-DR >8,000 AB/C
[ Patients samples with mHLA-DR <8,000 AB/C

To further assess the clin-
ical potential of the IPP gene
set, we considered all the
patients still in the ICU at
days 5-7 after admission,
who may constitute a target
for stratification before ad-
ministration of immune
therapy. For this subgroup of
123 patients, the concordance

I T T T T T
0 10,000 20,000 30,000 40,000

mHLA-DR (AB/C)

50,000

in immune status defined
by mHLA-DR and by IPP
gene set was 76%. Clinical

T T 1
60,000 70,000 80,000

Figure 1. Distribution of monocyte expression of human leukocyte antigen-DR (mHLA-DR) levels.
mHLA-DR measurement was available in 1,731 samples distributed as follows: 163 samples from
healthy volunteers (HVs), and 1,568 samples from 106 sepsis, 136 trauma, 109 surgery patients.
mHLA-DR values ranged from 439 to 80,066 AB/C. The vertical line corresponds to the value

of 8,000 AB/C. mHLA-DR was below 8,000 antibodies bound per cell (AB/C) in 591 patients
samples (34%) and above 8,000 AB/C in 1,140 samples (66%), of which 977 samples were from

patients, and 163 from HV.

4 www.ccmjournal.org

outcomes were found to be
similar between those iden-
tified as immunosuppressed
by either mHLADR or IPP
(Table 3). Of note, in the
group of immunosuppressed

XXX 20283  Volume 51 * Number 5
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platform is a promising tool
to classify patients accord-
ing to their immune status
as defined by their level of
mHLA-DR. These findings
may facilitate the identifi-
cation of ICU patients with
persistent immunosuppres-
sion that may be reversed
by immune stimulation.

In the last decades,
many  anti-inflammatory
strategies in critically ill
septic patients have failed
to show a benefit on clin-
ical outcomes. It has been
hypothesized that this was

127 Immuno

Suppressed

59

43

Immuno
Competent

281

mHLA-DR

probably not related to the

IPP

Figure 2. Concordance between monocyte expression of human leukocyte antigen-DR
(mHLA-DR) and immune profiling panel (IPP) classification in the test set, including healthy
volunteers (n=510). Groups of samples based on mHLA-DR value (< 8,000 antibodies bound

per cell [AB/C] for immunosuppressed and > 8,000 AB/C for immunocompetent status) are
represented on the left of each alluvial plot, and prediction using /PP gene set is represented on the

right. Concordance is 80% on the test set.

patients identified by IPP, 26% developed ICU-acquired
infections (IAls), as compared to 22% in the low mHLA-
DR group (no significant difference).

DISCUSSION

This study reports that assessing the expression level
of a set of mRNA markers involved in various aspects
of the immune response using an integrated PCR

TABLE 2.

evaluated drugs per se, but
rather to the underlying
multifactorial ~ heteroge-
neity of enrolled patients,
which may impact not only
the patients’ immune status
but also their response
to treatment (1). This has prompted investigators to
search for predictive enrichment strategies in order
to restrict treatment to the patients who would most
likely benefit. So far, the putative favorable impact of a
biomarker-based patient stratification in early anti-in-
flammatory trials has mainly been shown through post
hoc analyses (18). On the immunostimulation side,
some preliminary studies using mHLA-DR as a strati-
fication marker showed a beneficial effect on immune

Performance of Immune Profiling Panel Prototype for the Identification of
Immunosuppressed Status on Train and Test Sets, With and Without Samples From

Healthy Volunteers

Parameter Train Set (n = 1,221)

Area under the receiver operating 0.87 (0.85-0.89)

characteristic curve (95% CI)

Sensitivity, % 71
Specificity, % 83
Negative predictive value, % 85
Positive predictive value, % 69

Test Set Without Healthy

Test Set (n =510) Volunteers (n = 462)

0.86 (0.83-0.89) 0.84 (0.81-0.88)

75 75
83 80
87 84
68 69

The immunosuppressed status is defined by monocyte expression of human leukocyte antigen-DR < 8,000 antibodies bound per cell.

Critical Care Medicine
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alteration, inflammation) that, nevertheless, need to
be further carefully investigated.

This work acknowledges several limitations. First,
in this study, an immunosuppressed status was de-
fined by a mHLA-DR expression below 8,000 AB/C.
Although immunosuppression is a continuum, rather
than a dichotomized state, a threshold was needed to
support our analytical approach. For this purpose, we
used the threshold (i.e., < 8,000 AB/C) that has been
previously used in different clinical studies for treating
patients with the most severe immunosuppression (6).
In addition, this threshold is currently used in ongoing
trials (NCT02361528 and NCT04990232). Notably,
recent observational studies (21, 22) also reported on
this threshold to define groups of patients at increased
risk of deleterious outcomes and similarly used 8,000
AB/C as a threshold for identifying immunosuppres-
sion. That said, next prospective investigations may
focus on a more continuous adjustment of the IPP
algorithm according to various levels of immunosup-
pression. A second limitation is that the present study
is monocentric and retrospective. Results remain to
be confirmed in an independent dataset, encompass-
ing data from different centers. Furthermore, the data
were not fully independent, since samples were col-
lected at multiple time-points for some individuals.
However, results obtained from 123 patients sampled
once at days 5-7 provided similar concordance value
as that obtained from all samples. Finally, the cur-
rent version of IPP is a preliminary prototype that
deserves further optimization of analytical aspects, as
well as optimization of the decision threshold of the
algorithm.

CONCLUSIONS

This study illustrates the potential of IPP to identify
ICU patients presenting with mHLA-DRless than 8,000
AB/C. These patients are believed to be at increased
risk of developing deleterious events and thus could
be selected to benefit from targeted immunostimulat-
ing treatment. Upon confirmation and validation, IPP
could contribute to the pragmatic generalization of
immunomonitoring of ICU patients and the improved
efficiency of patient enrolment in clinical trials, thus
paving the way for a personalized medicine approach
in critical care patients. Most importantly, IPP may fill
in the gap between the ambitions of omics-based med-
icine and the challenges of clinical practice.

Critical Care Medicine
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