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ABSTRACT

Elevated neutrophil to lymphocyte ratio (NLR) upon ICU admission has
been reported to be associated with disease progression, severity, or
mortality in critically ill patients. However, the overtime trajectories of
NLR after admission and their association with other markers of intensive
care units patients’ immuno-inflammatory status have not be evaluated
so far. In a cohort of 353 critically ill patients (sepsis, trauma, major
surgery), we evaluated the association between NLR trajectories and
patients’ deterioration (mortality or occurrence of nosocomial infection)
both by a conventional analysis at each time-point and through K-means
clustering analysis. Additionally, these trajectories were delineated
alongside established markers of hyper-inflammation (e.g., IL-6) or
immunosuppression (including HLA-DR expression on monocytes,
proportion of immature neutrophils, and plasma IL-10 levels). The results
showed that persistently elevated NLR values were associated with an
increased risk of patient deterioration, as demonstrated in a multivariate
analysis that included usual clinical confounders. Patients belonging to the
persistently elevated NLR endotype simultaneously exhibited heightened
inflammation and pronounced immunosuppression. In conclusion, by
providing integrated information on both hyper-inflammation and
immunosuppression, NLR measurement holds significant promise for
monitoring the immune status of ICU patients. This straightforward and
standardized marker could serve to assess immune organ failure in ICU
and assist in guiding potential immunomodulation strategies.
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Introduction

Serious injuries such as sepsis, severe trauma, major
surgery, and pancreatitis often lead to patients’
admission to intensive care units (ICU), as they provoke a
complex host immune response marked by simultaneous
pro-inflammatory and anti-inflammatory /
immunosuppressive elements. These responses disrupt the
body's mechanisms for maintaining homeostasis 1-3. While
some understanding of the underlying mechanisms driving
excessive inflammation and profound immunosuppression
has emerged 4, a significant knowledge gap remains
regarding the link between these two facets of the same
disease, both in terms of mechanistic and temporal
aspects. An integrated perspective is urgently required
to address the complexity and heterogeneity of these
conditions, as the absence of such framework impedes
progress away from the ineffective "one size fits all”
approach in their management 5. A shift towards

personalized precision medicine in sepsis is imperative 5
7

Many markers, ranging from soluble proteins to cell
surface markers and mRNA signatures, have been
reported to delineate the immuno-inflammatory response
of ICU patients and its association with initial severity,
organ failures, and mortality 389, Among these markers,
the neutrophil to lymphocyte ratio (NLR), easily obtained
from a routine white blood cell count, holds the
advantage of encapsulating both the inflammatory and
innate immunity aspects, signified by elevated neutrophil
counts 10, and the immunosuppressive and adaptive
immunity facets, indicated by the extent of lymphopenia
11, Initially introduced by Zahorec '2 in surgical patients,
NLR has since been evaluated across various clinical
conditions—from cancer to systemic inflammation—and
has demonstrated associations with disease progression,
severity, or mortality 13.14,

In the context of ICU patients, most articles focused on a
single NLR measurement upon admission 5. Only a few
studies have presented serial measurements over time
and most of them focused on the very first hours and days
after ICU admission 1617, In addition, none of them
reported on the concurrently evolution of additional
markers of inflammation / immunosuppression.

The aim of this study was to investigate the overtime
evolution o NLR in a large cohort of ICU patients with
diverse etiologies (including sepsis, major surgery, or
severe trauma) during the initial week after their ICU
admission and its association with patients’ deterioration.
We established NLR trajectories both by conventional
analysis at each time-point and through K-means
clustering analysis. We correlated these results with
established markers of inflammation (such as plasma IL-6
concentration) or immunosuppression (such as HLA-DR
expression on monocytes, percentage of immature
neutrophils, plasma IL-10 concentration) 18.

Materials and Methods

STUDY POPULATION

The current study constitutes an ancillary analysis of the
REALISM protocol (REAnimation Low Immune Status
Marker), a prospective longitudinal observational study
conducted at Anesthesia and Critical Care Medicine

Department in E. Herriot Hospital (Hospices Civils de
Lyon, France). The primary aim of the REALISM study was
to assess immune parameters in a critically ill patient
cohort following injury, with the intent of refining the
understanding of host response in ICU patients. The
comprehensive study protocol has been previously
published 19, along with primary results 20. The study
received approval from the IRB: Comité de Protection des
Personnes Sud-Est Il (first posted on 23/12/2015) under
the registration number: #2015-42-2) and was
registered on clinicaltrials.gov under NCT02638779. The
REALISM protocol complied with the Declaration of
Helsinki, principles of Good Clinical Practice and the
French personal data protection act. Written informed
consent was obtained from each patient. The cohort
included injured patients across various etiologies such as
sepsis, tfrauma, and surgery. Detailed inclusion criteria
are described in 20, Blood samples were collected at
three specific time points within the initial week post
admission to the ICU: on day 1 or 2 (D1-2), day 3 or 4
(D3—-4), and day 5, 6, or 7 (D5-7). The REALISM report
provides detailed information on the methods and
protocols used for assessing immunological parameters
and conducting complete blood counts 20, In the present
study, the primary endpoint was the occurrence of
patients’ deterioration, defined as the occurrence of
death or of a nosocomial infection within the 28 days
following ICU admission as previously proposed 2. A
blinded adjudication committee, comprising 2 ICU
physicians and 1 infectious disease specialists not
involved in patients’ recruitment, was responsible for
establishing the diagnosis of nosocomial infection. Their
criteria for diagnosis were consistent with the definitions
established by the European Centre for Disease
Prevention and Control 9. NLR results were censored from
the moment nosocomial infection was diagnosed. All other
immunological parameters were generated as part of the
REALISM study 20,

STATISTICAL ANALYSIS

Qualitative variables are presented as numbers and
percentages, and quantitative variables as medians and
25th/75th percentiles. In alignment with the findings of
the initial REALSIM study, wherein we demonstrated that
a consistent host response occurred regardless of etiology
following adjustment for initial severity 20, we analyzed
the present NLR values in the entire cohort. Chi-square or
Fisher’'s exact test were used for qualitative variables
assessment. Quantitative variables were compared with
the Mann—Whitney U test. In order to investigate the
relationship between parameters and adverse outcome,
Kaplan-Meier analyses were conducted at multiple time
points, and the log-rank test was employed to compare
differences between groups categorized according to
median values or 4% quartile (above and below). In
multivariate analysis, the Cox proportional hazards
model was performed to examine the independency of
NLR in associating with adverse outcome when including
usual ICU confounders (age, SOFA score and exposure to
invasive devices: intubation, urinary catheter and central
venous line). Regarding clustering, in order to identify
patients’ group with a common NLR dynamic over time
(trajectories endotypes) we used “kmL” — K-means for
longitudinal data 22. The number of endotypes (n = 2)
was defined a priori. All statistical analyses were
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conducted using R software version 4.3.2 (R Studio,
Boston, MA).

Results

The cohort comprised 353 patients including 107
individuals diagnosed with sepsis (30%), 137 individuals
with trauma (39%), and 109 individuals who had
undergone major surgery (31%). Patients’ deterioration

was observed in 25% of patients. The main clinical
characteristics of patients based on this adverse outcome
are depicted in Table 1. Patients with adverse outcome
tended to be older, had more severe disease (higher
SOFA and SAPSII scores), and had a higher exposure to
invasive devices compared to patients with favorable
outcomes (Table 1). Further details on clinical
characteristics can be found elsewhere 2021,

Table 1. Main clinical characteristics of patients based on adverse outcome. The p-values were calculated using Mann Whitney
u test and chi-squared test. Invasive devices: intubation, urinary catheter and central venous line.

Whole Cohort Adverse outcome Favorable outcome p-value

(n= 353) (n= 90) (n= 263)
Gender male (yes_n_%) [65.4 (%) 57 (63.3) 174 (66,2) 0,72
Age (Years) 60 (47 -71) 67,5 (55,25 - 75) 57 (44 - 70) < 0.0001
SAPS Il score 29 (20 - 43) 35 (26,25 - 49,75) 26 (18 - 40) < 0.0001
SOFA score 4 (1 - 8) 7 (2-9,75) 4 (1 -8) < 0.0001
Exposure to invasive 315 (89%) 88 (97.7%) 227 (84.4%) 0,004
devices (yes n_%)

Compared to the control values proposed by Zahorec
(i.e., NLR < 2 13), we noted that NLR values were
markedly elevated on days 1-2 in patients and
gradually decreased throughout the first week without
returning to normal ranges (Figure 1A). Details
regarding NLR values by quartiles and for each

50 50

40 40

NLR

etiological group are provided in Table 2. NLR levels
were higher in patients experiencing adverse outcomes
(Figure 1B), with significant statistical differences
observed at time points D3-4 and D5-7 (p=0.006 and
p<0.0001, respectively).

No worsening

- Worsening

p =001 p<0.0001

Day 1 Day 3-4 Day 5-7 Day 1

Day 3-4 Day 5-7

Figure 1. NLR values in severely injured patients at selected time points in whole cohort (A) and according to patients’
worsening (B). The results are presented as individual values and using box plots, which depict the 25th to 7 5th percentiles
along with the median. In B, Mann-Whitney was used test comparisons between groups. Dashed line depict control values

according to (9).

Table 2. NLR values at each time-points in whole cohort and in different groups. Results are presented as medians and

interquartile ranges (IQR).

Day 1-2 Day 3-4 Day 5-7
Whole cohort (n = 353)
Median 8.8 7.8 5.6
IQR 5.7-14.5 4.9-12.6 3.8-8.7
Sepsis (n = 107)
Median 11.3 10.4 6.9
IQR 7.9-21 6.8-16.3 4.1-10.2
Trauma (n = 137)
Median 7.9 5.4 4.6
IQR 4.7-13.6 3.9-8.9 3.4-6.3
Surgery (n = 109)
Median 8.3 7.8 5.7
IQR 5.5-10.5 5.1-12.2 4.3-8.90
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At D3-4 and D5-7, we subsequently conducted
multivariate  analysis by including usual clinical
confounders (age, SOFA score, exposure to invasive
devices) for predicting patients’ deterioration. When
utilizing NLR medians to dichotomize patients, NLR was
not significantly associated with adverse outcome after
multivariate analysis (data not shown). However,
considering previous studies which demonstrated that the
4th NLR quartile was notably linked to higher mortality
23-25 we directed our attention to this specific quartile at
day 3-4 and day 5-7 (i.e., NLR = 12.6 and 8.7
respectively). By employing these cutoffs to classify
patients, NLR was independently associated with
deterioration at day 3-4 (hazard ratio = 1.7, p = 0.046)

Day 3-4

A. Multivariate analysis

Characteristic HR' 95% CI’

p-value
NLR_Q3 1.70 1.01,2.85 0.046
Age_Q3 1.09 0.64,1.88 07
SOFA_Q3 1.85 1.11,3.11 0.019
Exp 0.22 0.03,160 0.13

HR = Hazard Ratio, Cl = Confidence Interval

B. Kaplan Meier analysis

1.00 -
S
‘075 T b
- NLR > 12,6
*® p=0.002
0.00
0 5 10 15 20 25 30

Characteristic HR' 95% CI’

and day 5-7 (hazard ratio = 2.8, p < 0.0001). At the
latter time point, NLR was the only parameter
independently associated with deterioration (Figure 2).
These results are illustrated by Kaplan-Meier analysis, as
depicted in Figure 2. Importantly, we also conducted
multivariate analysis separately for lymphocytes and
neutrophils by categorizing patients into the worst
quartile (the lowest for lymphocytes, the highest for
neutrophils). Lymphocyte values were never significantly
associated with deterioration, whereas neutrophils were
significant only at day 5-7 (p = 0.01). This underscores
the benefit of calculating a ratio based on these
parameters.

Day 5-7

p-value
NLR_Q3 2.84 1.54,5.24 <0.001
Age_Q3 1.00 0.54,1.88 >0.9
SOFA_Q3 1.78 0.96,3.28 0.066
Exp 0.00 0.0, Inf  >0.9

HR = Hazard Ratio, Cl = Confidence Interval

NLR > 8,7

5 10 15 20 25 30

Figure 2. Multivariate analysis and Kaplan Meier analysis. A. The Cox proportional hazard model based was performed to
examine the independency of NLR in associating with patients’ worsening when including usual ICU confounders (age, SOFA,
exposure to invasive devices = EXP: intubation, urinary catheter and central venous line). Continuous variables were
dichotomized based on the 7 5th percentile at day 3-4 (NLR = 12.6) and day 5-8 (NLR = 8.7). B. In Kaplan Meier analysis,
the cumulative incidence curves of adverse outcome were established in ICU patients dichotomized according to 7 5th percentile
of NLR measured either at day 3-4 or day 5-8. Statistical significance was determined by calculating the p-value using the

log-rank test.

Next, we conducted a K-means clustering analysis,
arbitrarily setting the number of clusters to 2, in line with
the previous multivariate analyses. We identified 2

clusters characterized by different NLR trajectories which
tended to be parallel and did not converge (Figure 3).
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Figure 3. NLR endotypes overtime. The cohort was divided into two clusters based on NLR trajectories (“kmL” — K-means for
longitudinal data). Mean trajectories are drawn for each endotype: “high” NLR (yellow curve) and low “NLR” (blue curve).

Standard errors are displayed around the mean curve.

Cluster “low NLR” (n = 260, 83 % of patients) presented
with moderately elevated NLR values at day 1-2 which
tended to return toward normal at day 5-7, whereas
cluster “high NLR” (n = 51, 17 % of patients) exhibited
extremely and persistently high NLR values during the
monitoring (ranging from 18 to 13 over the week). Cluster
“high NLR” was characterized by higher clinical scores
upon admission (age, Charlson, SAPS Il, SOFA scores) and

increased deterioration compared to “low NLR” cluster
(Table 2). Importantly, at each time point of the
monitoring, cluster “high NLR” was characterized by
elevated IL-6 values associated with markers of
immunosuppression: lower mHLA-DR and CD4+ counts,
increased IL-10, and percentage of immature neutrophils

(Table 3).

Table 3. Clinical and Immune characteristics of NLR clusters. The p-values were calculated using Mann Whitney U test, Fisher

test, chi-squared test when appropriate.

Variable Cluster «« low NLR » Cluster « high NLR » p.value
n 260 51

Admission

Age 58 [46 -70] 68 [62-77.5] <0.001
Charlson Score 1 [0-2] 2 [0-3] 0,015
SAPSII score 27 [19-40] 43 [26.5-55] <0.001
SOFA score 4[1-8] 7 3.5-10.5] <0.001
Outcome

Occurrence of nosocomial infection (D28) | 52 (20.0%) 20 (39.2%) 0,005
Mortality (D28) 5 (1.9%) 6 (11.8%) 0,004
Mortality (D?0) 17 (6.5%) 9 (17.6%) 0,022
Immune Parameters - D1-D2

Immature neutrophils 45.3 [21.6-73.4] 73.5[47.8-91.4] <0.001
(% of total neutrophils)

HLA-DR per Monocyte (AB/C) 6990 [4436-9544] 4668 [3779-7166] 0,038
IL6 (pg/ml) 105 [48-329] 302 [93-6671] 0,001
IL10 (pg/ml) 14 [8.6-27] 38 [23-57] <0.001
NLR 8 [5-12] 18 [11-30] <0.001
Neutrophils (G/L) 10.2 [7.5-12.9] 13.9 [10.5-20.9] <0.001
Lymphocytes (G/L) 1.3 [0.9-1.8] 0.8 [0.6-1.1] <0.001
CD4+ T lymphocytes (cells/JL) 490 [329-685] 288 [184-485] <0.001
Immune Parameters — D3-4

Immature neutrophils 16 [6.5-44] 37.6 [19-68] <0.001
(% of total neutrophils)

HLA-DR per Monocyte 7480 [5170-12340] 5355 [3343-8214] 0,001
IL6 (pg/ml) 45 [20-105] 76 [40-170] 0,003
IL10 (pg/ml) 9 [6.5-15] 16.5[12-29] <0.001
NLR 6 [5-9] 19 [15-23] <0.001
Neutrophils (G /L) 7.2 [5.4-10.3] 12.6 [9.6-16.9] <0.001
Lymphocytes (G /L) 1.2 [0.9-1.5] 0.7 [0.5-08] <0.001
CD4+ T lymphocytes (cells/uL) 465 [322-670] 293 [194-370] <0.001
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Variable

Cluster « low NLR »

Cluster « high NLR » p.value

Immune Parameters — D5-7

Immature neutrophils
(% of total neutrophils)

12.42 [5.74-26.28]

27.62 [10.73-37.10] 0,006

mHLA-DR (AB/C) 10062 [6482-13904] 6461 [4727-9275] <0.001
IL6 (pg/ml) 31 [16-58] 49 [30-87] <0.001
IL10 (pg/ml) 7 [5-12] 13 [9-17] <0.001
NLR 5 [4-8] 13 [10-21] <0.001
Neutrophils (G /L) 6.8 [5-9] 11.6 [7-14] <0.001
Lymphocytes (G/L) 1.3[1.1-1.7] 0.7 [0.5-0.8] <0.001
CD4+ T lymphocytes (cells/JL) 558 [405-779] 363 [235-526] <0.001

Discussion

In the quest to discover new parameters aiding in the
identification of critically ill patients at higher risk of
adverse events, the NLR has consistently been highlighted
as an informative biomarker in various clinical contexts
such as cancer, geriatrics, and systemic inflammation 13,
Additionally, it is cost-effective and readily available
everywhere since it derives from routine blood tests,
making it applicable in various settings to provide an
initial insight into immune system balance 4. The present
results overall align with previous reports while providing
important complementary data insights.

Firstly, in this cohort of patients, it is the persistence of
elevated NLR that is associated with the occurrence of
adverse events while values measured upon admission
appeared less informative. So far, in ICU patients, most
studies have reported on the association between early
NLR values and prognosis 13-16.24-26_ For example, in their
meta-analysis, including 14 studies and >11,500
patients, Huang et al. '5 found in patients with sepsis that
higher NLR at admission was associated with mortality
(hazard ratio = 1.75, p < 0.01). In contrast, in the present
study, we observed a delayed significant and
independent association (based on multivariate analysis)
between persistently higher NLR and patients’
deterioration. This was especially true at later time points
(hazard ratio = 2.8). This aligns with results from
Dilektasli et al. ¢ who also find more elevated hazard
ratio at day 5 (HR = 3.8) vs day 2 (HR = 1.6) in critically
ill trauma patients.

Secondly, at a given time point, our results underline the
importance of considering the highest NLR value.
Specifically, when categorizing patients according to
their belonging to the 4th quartile (n = 62) of NLR values
compared to the sum of patients from the 3 lower
quartiles, the results were highly significant at day 5-7
(hazard ratio = 2.84, p < 0.001). Accordingly, the
subgroup with high NLR values identified by K-means
clustering included 51 patients. This aspect, namely the
consideration of the highest values, should be kept in mind
in guiding any putative therapeutic options based on NLR
values. Clinically pertinent thresholds need to be defined
in further studies.

Thirdly, the present results offer a trajectory perspective
of NRL evolution overtime after ICU admission that has,
to our knowledge, never been reported. By defining 2
trajectory clusters, the results reinforce the idea that it is
the persistence over time of high values which is
associated with poor prognosis. This is consistent with two
previous studies that examined NLR according to time

evolution by calculating the NLR ratio between two time
points, between day 1 and day 2 7, or between day 2
and day 5 4. In both studies, a non-decreasing NLR was
associated with a poorer outcome.

Fourthly, and most importantly, we show for the first time
that patients with persistently elevated NLR ("high NLR”
cluster) presented with typical features of persistently
deregulated immune response including hyper-
inflammation and marked immunosuppression. For
instance, at day 5-7, these patients presented with high
percentages of immature neutrophils, which are likely
myeloid derived suppressor cells 27, although not
demonstrated in the present work. Additionally, they
exhibited elevated IL-10 plasma concentration and very
low mHLA-DR values. Accordingly, "high NLR" patients
presented with significantly more nosocomial infections
(39%) than those of "low" NLR cluster (20%), which is
likely a consequence of underlying decreased immune
defenses. Furthermore, this "high NLR" cluster exhibited
significantly increased mortality at both 28 and 90 days.

Overall, the current findings underscore novel aspects
regarding NLR monitoring in ICU patients, revealing
distinct trajectories during the first week after admission
and highlighting the association between persistently
elevated NLR and immunosuppression. NLR captures dual
information: an increase in neutrophils (as a surrogate
marker of inflammation) and lymphopenia (as a
surrogate marker of immunosuppression). As such, this
simple biomarker presents a potentially major interest in
monitoring ICU patients, and upon further evaluation, it
may help in better defining immunoadjuvant therapeutic
strategy to be administered in patients. Indeed, the
paradigm of an exclusively hyperinflammatory
component during severe host aggression has evolved
towards a more balanced understanding of the condition.
The immune response to sepsis is actually a complex
phenomenon involving both an inflammatory and an
immunosuppressive response aimed at modulating the
initial inflammatory reaction 28. The intensity of these two
aspects of the response varies from one patient to
another and, more importantly, evolves over time in one
patient. As a result, the immuno-inflammatory trajectories
of patients are heterogeneous, and any intervention
aimed at modulating these trajectories in ICU patients
(whether pro- or anti-inflammatory) should be considered
from the perspective of precision medicine 5. Considering
its simplicity and informative value, NLR could be
incorporated  into  upcoming  studies,  whether
observational or interventional. Furthermore, integrating
this immune parameter into an updated version of the
SOFA score could help evaluate immune failure alongside
other organ failures.
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While our study provides valuable insights, it is not
without limitations that must be acknowledged. The
retrospective nature and single-center design may impact
the generalizability of our findings. Considering the easy
availability of NLR from a white blood cell count, future
research should explore larger, multi-center cohorts to
validate our observations.

Conclusions

In conclusion, our current findings highlight distinct NLR
trajectories in critically ill patients over time following ICU
admission. Persistently elevated NLR values indicate an
elevated risk of adverse outcomes, coupled with
significant alterations in immuno-inflammatory responses,
whether skewed towards pro-inflammatory or
immunosuppressive states. Offering integrated insights
into both inflammation and immunosuppression, NLR holds
significant promise for monitoring ICU patients.
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