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Take-home message: Increased plasmatic
level of soluble IL-7 receptor (CD127) is
associated with elevated mortality in septic
shock patients. This may be of interest for
patient stratification in future clinical trials
testing immunoadjuvant therapies.
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Abstract Purpose: Adjunctive
immunoadjuvant therapies are now
proposed in the treatment of septic
patients that develop immune dys-
functions. However, a prerequisite is
to identify patients at high risk of
death that would benefit from such
therapy. Knowing that rhIL-7 is a
putative candidate for septic shock
treatment, we evaluated the associa-
tion between increased plasmatic
level of soluble CD127 (sCD127, IL-
7 receptor alpha chain) and mortality
after septic shock.

Methods: sCD127 plasmatic level
was measured in 70 septic shock
patients sampled at day 1-2 (D1) and
day 3—4 (D3) after the onset of shock
and 41 healthy volunteers.

Results: Compared with survivors,
non-survivors presented with

Introduction

Despite improvement in patient care and the implemen-
tation of Surviving Sepsis Campaign guidelines, septic
syndromes are still associated with a high risk of death in

significantly higher sCD127 concen-
trations at D1 and D3 (p < 0.001 and
p = 0.002). At D1, the area under the
receiver operating characteristic curve
for sCD127 level association with
mortality was 0.846 (p < 0.0001).
Kaplan—-Meier survival curves illus-
trated that mortality was significantly
different after stratification based on
D1 sCD127 level (log rank test, haz-
ard ratio 9.10, p < 0.0001). This
association was preserved in multi-
variate logistic regression analysis
including clinical confounders (age,
SAPS II and SOFA scores, odds ratio
12.71, p = 0.003). Importantly,
patient stratification on both D1
sCD127 value and SAPS II score
improved this predictive capacity (log
rank test, p = 0.0001). Conclu-
sions: Increased sCD127 plasmatic
level enables the identification of a
group of septic shock patients at high
risk of death. After confirmation in a
larger cohort, this biomarker may be
of interest for patient stratification in
future clinical trials.

Keywords IL-7 receptor - CD127 -
Septic shock - Mortality - Biomarker

intensive care units (ICU) [1]. Indeed, a recent epidemi-
ological study including more than 25,000 patients in the

USA and in Europe showed that overall hospital mortality
from severe sepsis or septic shock is still over 30 % [2].
In line with this, one in 1,200 Americans will die of
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severe sepsis this year and this is despite numerous clin-
ical trials testing various adjuvant therapies and including
thousands of patients [3].

One proposed explanation for the failure of these
clinical trials was the absence of patient selection
before the initiation of such adjunctive therapies.
Indeed septic syndromes represent a group of hetero-
geneous diseases (from chronic pulmonary infection to
purpura fulminans or peritonitis) with various germs
(Gram-positive or Gram-negative bacteria or even
fungi) occurring in patients with various clinical history
(age, comorbidities like type I diabetes or hyperten-
sion). Moreover, host immune response to septic shock
is heterogeneous as well: from massive cytokine release
and cytokine storm to immune suppression [3-7].
Therefore, biomarker-based patient stratification is now
strongly recommended as a prerequisite to drug
administration in the design of future clinical tri-
als testing adjunctive therapies in septic shock [8].
Such biomarkers of host response to infection
should help the clinicians to (1) identify the most
severe patients (at high risk of death or secondary
nosocomial infection), (2) stratify patients before the
initiation of targeted therapy, and (3) follow response
to treatment.

Among adjunctive treatments now proposed in the
therapeutic arsenal of sepsis are immunoadjuvant thera-
pies [4, 8, 9]. Indeed, it is now well accepted that septic
patients develop immune alterations that affect both
innate and adaptive immune responses and whose
intensity and duration are linked to increased risk of
death and ICU-acquired infections [10]. In particular,
one such therapy is recombinant human IL-7 (rhIL-7) as
four studies in mice recently described its beneficial
effects on mortality and sepsis-induced immune dys-
functions [11-14]. rhIL-7 is currently undergoing
clinical trials notably to treat patients with cancer or
chronic viral infections such as HIV or HBV infections.
So far, this immunostimulant treatment has been well
tolerated [15]. Moreover, we recently showed that
ex vivo rhlL-7 treatment of septic patients’ cells sig-
nificantly restored sepsis-induced lymphocyte functions
to a normal response [16].

The biological activities of IL-7 are mediated by its
binding to a specific cell surface receptor partly con-
sisting of the IL-7Ra chain (CD127). Soluble forms of
IL-7Ra (sCD127) have been reported and recent stud-
ies associated their concentration with the pathogenesis
of autoimmune diseases [17-19]. As IL-7 is to be
tested in septic patients, we investigated whether its
soluble receptor (i.e., sSCD127) may be associated with
clinical deleterious outcomes, and thus could constitute
a potential biomarker for patient stratification. In the
current study, we assessed the potential value of
sCD127 as a predictor of mortality or nosocomial
infection.

Methods
Study population

Seventy consecutive septic shock patients, according to
the diagnostic criteria of the American College of Chest
Physician/Society of Critical Care Medicine [20], who
were alive 3 days after the onset of shock were included
in this study (Table 1). This inclusion criterion was cho-
sen because IL-7 (or any other potential immunoadjuvant
therapy) is thought to be used in a delayed step of the
disease (i.e., after day 3) [4]. Additional information is
available in the electronic supplementary material (ESM).

Biological analyses were performed on residual blood
after completing routine follow-up performed in the ICU.
EDTA-anticoagulated tubes were collected at two time
points after septic shock onset: day 1-2 (D1) and day 3-4
(D3). Reference values and control samples were
obtained from a cohort of 41 healthy volunteers after
informed consent was given.

Results

Seventy consecutive septic shock patients were included
in this study. Fifty-six (80 %) were still alive after 28-day
follow-up (10 in-ICU and 4 in-hospital deaths). No sta-
tistical difference was observed regarding gender, number
of comorbidities, McCabe score, ventilation, use of va-
sopressors, or renal replacement therapy between
survivors and non-survivors (Table 1). However, a sig-
nificant difference was observed between these patients
when considering age (p = 0.041), initial SAPS II
(p = 0.001) and SOFA scores (p = 0.026). Reference
values and control samples were obtained from a cohort
of 41 healthy volunteers (median age 42 years, 23
women, 18 men).

As a first step, we measured plasmatic IL-7 concen-
tration to assess whether it can predict, by itself, mortality
or nosocomial infection in septic shock patients. Although
very close to the detection limit of our technique, plas-
matic IL-7 concentrations were significantly increased in
septic shock patients versus healthy volunteers at D1 and
D3 (p < 0.001, Fig. 1a in ESM). However, no evolution
of IL-7 concentrations over time could be detected
between D1 and D3 in patients and no difference was
observed between survivors and non-survivors, or
between patients developing or not developing secondary
ICU-acquired infection (data not shown).

Despite the absence of difference at D1 (p = 0.99), we
observed a small decrease of plasmatic sCD127 levels
between healthy volunteers and septic shock patients at
D3 (p = 0.03). Interestingly, a significant decrease in
sCD127 concentrations was noted between D1 and D3
after septic shock (p < 0.001, Fig. 1a).
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Table 1 Clinical characteristics of the 70 septic shock patients

Parameters Overall septic shock patients Survivors Non-survivors p value
n=70 n =56 (80 %) n =14 (20 %)

Age at admission (years) 67 [56-76] 64 [55-74] 71 [67-77] 0.041
Gender—male, n (%) 45 (64.3) 36 (64.3) 9 (64.3) 1
Main admission category

Medical, n (%) 34 (48.6) 27 (48.2) 7 (50) 1
Surgery, n (%) 36 (51.4) 29 (51.8) 7 (50)

Number of comorbidities

0, n (%) 40 (57.1) 30 (53.6) 10 (71.4) 0.366
>1, n (%) 30 (42.9) 26 (46.4) 4 (28.6)

SAPS I 52 [42-65] 50 [39-60] 66 [52-77] 0.001
SOFA score 10 [8-13] 10 [8-12] 13 [10-17] 0.026
McCabe score

1, n (%) 44 (62.8) 36 (64.3) 8 (57.2) 0.196
2, n (%) 20 (28.6) 17 (30.3) 3(21.4)

3, n (%) 6 (8.6) 3(5.4) 3(21.4)

Infection (n, %)

Diagnosis

Radiology 10 (14.3) 7 (12.5) 3 (21.4) 0.505
Surgery 9 (12.9) 7 (12.5) 2 (14.3)
Microbiologically documented

Bacilli Gram— 37 (52.9) 29 (51.8) 8 (57.1) 0.772
Cocci Gram+ 27 (38.6) 23 (41.1) 4 (28.6) 0.542
Fungi 6 (8.6) 4 (7.1 2 (14.3) 0.592
Other 7 (10) 5(8.9) 2 (14.3) 0.621
Type of infection

Community acquired 39 (55.7) 32 (57.1) 7 (50) 0.766
Nosocomial 31 (44.3) 24 (42.9) 7 (50)

Site of infection

Pulmonary 27 (38.6) 19 (34) 8 (57.2) 0.192
Abdominal 29 (41.4) 26 (46.4) 3(21.4)

Others 14 (20) 11 (19.6) 3 (21.4)
Ventilation D34 64 (91.4) 50 (89.3) 14 (100) 0.337
Vasopressors D3—4 50 (71.4) 39 (69.6) 11 (78.6) 0.742
Renal replacement therapy D3—4 15 (21.4) 9 (16.1) 6 (42.9) 0.062
Secondary nosocomial infections, n (%) 22 (31.4)
In-ICU mortality, n (%) 10 (14.3)
Post-ICU mortality, n (%) 4 (5.7)
Immunologic parameters

mHLA-DR day 34 (AB/C) 5,396 [2,159-10,033] 8,041 [2,237-10,854] 5,024 [1,949-6,688] 0.428
Lymphocyte count D34 (10°/1) 0.84 [0.54-1.38] 0.90 [0.66-1.42] 0.59 [0.43-1.07] 0.120

Blood samples were obtained from 70 septic shock patients after
the onset of shock. For clinical parameters, categorical data are
presented as number of cases and percentage of the total population
in brackets. Continuous data and biological parameters are pre-
sented as medians and interquartile ranges [Q1-Q3]. SAPS II
(Simplified Acute Physiology Score II) and McCabe scores were
calculated after admission. SOFA (Sequential Organ Failure

No correlation between plasmatic sCD127 and IL-7
concentrations was found at day D1 or D3 (respective
Spearman’s rank correlation coefficients, »r = —0.148 and
r = —0.066). Similarly, no significant correlation
between sCD127 levels and mHLA-DR, SOFA or SAP-
S 1II scores was observed at D1 or D3 (data not shown).
Moreover, no statistical difference was observed for
sCD127 measurements when comparing patients with or
without comorbidities and with nosocomial or commu-
nity-acquired septic shock at both time points.

When comparing sCD127 concentrations between
patients developing or not developing secondary ICU-

Assessment) score was measured after 24 h of ICU stay. mHLA-
DR (AB/C), number of anti-HLA-DR antibodies bound per
monocyte (normal value from age-matched healthy volunteers is
>15,000 AB/C). Continuous parameters are compared between
survivors and non-survivors using Mann—Whitney tests and Fish-
er’s exact tests were performed for categorical data

acquired infections, no statistical difference was observed
at D1 (p =0.60) or D3 (p = 0.28, Fig. 1b in ESM).
However, non-survivors presented with significantly
higher sCD127 concentrations at D1 (p < 0.001) and at
D3 (p = 0.002) compared with survivors (Fig. 1b).

The areas under the receiver operating characteristic
curves (AUC) for prediction of 28-day mortality were
calculated for sCD127, SAPS II, and SOFA scores. The
best AUC was observed for sCD127 concentration at D1
(0.846, [95 % CI] 0.741-0.951, p < 0.001, Fig. 2). At
D3, the AUC for sCD127 was 0.774 ([95 % CI]
0.618-0.930, p = 0.002). The AUC for SOFA and
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Fig. 1 Plasmatic concentration of soluble IL-7R a-chain (sCD127)
in septic shock patients. Plasmatic SCD127 concentrations were
measured in septic shock patients (n = 70) at day 1-2 (D1-2, red
circles) and day 3-4 (D3-4, red squares) after the onset of shock in
comparison with healthy volunteers (HV, black triangles, n = 41)

SAPS II scores were, respectively 0.692 ([95 % CI]
0.531-0.853, p =0.027) and 0.770 ([95 % CI]
0.644-0.897, p = 0.002).

Logistic regression analyses were then performed to
assess if this marker remained independently associated
with mortality after septic shock. When considering
independently other usual clinical confounders such as
SOFA or SAPS II scores, higher sCD127 concentrations
at D1 or D3 remained significantly associated with a
higher risk of death after septic shock (Table 2).

Using cutoff values determined on ROC curves based
on calculation of the minimum d (sCD127 at DI,
48.78 ng/ml; sCD127 at D3, 41.56 ng/ml; SAPS II, 59),
Kaplan—Meier survival curves were established (Fig. 3a,
b). The survival rates of septic patients were significantly
different when stratified according to sCD127 concen-
trations at D1 and D3. Patients with lower sCD127
concentration had better survival compared with patients
with higher sCD127 concentration (log rank test, at D1,
p < 0.001, hazard ratio 9.10, [95 % CI] 2.92-28.35; at
D3, p<0.001, hazard ratio 1347, [95 % CI]
3.93-46.14). When using cutoff value of 59 for SAPS II,
we observed a statistical difference in the survival rates of
septic patients (p = 0.0082, log rank test, hazard ratio
4.61, [95 % CI] 1.48-14.31, data not shown).

Besides, using this threshold (sCD127 at D1, 48.78 ng/
ml), the sensitivity of sCD127 concentration for differentiat-
ing survivors from non-survivors was 79 % and its specificity
73 %. The positive predictive value (PPV) was 42 % and the
negative predictive value (NPV) 93 %. In comparison,
respective sensitivity and specificity for SAPS II score were
64 and 73 %. PPV and NPV were 38 and 89 %.

Interestingly, at D1, when stratified on the basis of the
combination of SCD127 concentration and SAPS II score,
the difference between the survival rates of patients was
even greater. Indeed, patients with lower sCD127 con-
centration and lower SAPS II had a significantly better
survival than patients with higher sCD127 concentration
and higher SAPS II (p < 0.001, log rank test, Fig. 2a in
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(a), and in survivors (S, blue, n = 56) versus non-survivors (NS,
green, n = 14) (b). Non-parametric Mann—Whitney U test was
used to compare results between groups. Non-parametric Wilcoxon
paired test was used to evaluate overtime evolution within a group
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Fig. 2 Receiving operating characteristic curves of SAPS II,
SOFA, and sCD127 at D1-2 for predicting mortality. Area under
receiver operating characteristic curves, 0.846 (p < 0.001) for
sCD127 D1, 0.770 (p = 0.002) for SAPS II, and 0.692 (p = 0.027)
for SOFA. Regarding sCD127 values, the best threshold calculated
on the basis of minimum d (minimum distance between ROC curve
and point of sensitivity and specificity = 1) was 48.78 ng/ml at D1.
For this cutoff value at day 1-2, positive predictive value was 42 %
and negative predictive value was 93 %

ESM). This was even conserved when sCD127 mea-
surement was delayed until D3 after the onset of shock
(p < 0.001, log rank test, Fig. 2b in ESM).

Discussion

The failure of several high-profile clinical trials in sepsis
testing various adjuvant therapies represents one of the



1093

Table 2 Multivariate analysis

Parameters included Threshold OR 95 % CI p*

in multivariate analysis

sCD127 D1-2 >48.78 8.97 2.10-38.36 0.003
SAPS II >59 4.18 1.07-16.33 0.040
sCD127 D1-2 >48.78 10.74 2.36-48.95 0.002
SOFA >13.5 0.82 0.17-4.00 0.811
sCD127 D34 >41.56 13.53 2.95-62.09 0.001
SAPS II >59 7.01 1.54-31.91 0.012
sCD127 D34 >41.56 10.35 2.47-43.40 0.001
SOFA >13.5 0.96 0.19-4.93 0.964

Multivariate logistic regression analysis was used to identify the
variables associated with death (n = 56 survivors and 14 non-
survivors). sCD127 (D1-2 or D3-4) was included in models either
with SAPS II (Simplified Acute Physiology Score II) or SOFA
(Sequential Organ Failure Assessment) scores. SAPS II score was

greatest disappointments of the past 30 years [3]. Among
others, one explanation proposed for the failure of these
trials is that the heterogeneity of the septic patient pop-
ulation and of their pathophysiologic response was never
considered in the design of these clinical studies. Indeed,
septic syndrome affects a group of patients with different
etiologies (from pneumopathy to peritonitis) caused by
different germs (Gram-positive or Gram-negative bacteria
or even fungi) and with different medical history (with or
without comorbidities). Moreover, it is now clear that the
host immune response after septic shock is variable from
one patient to another and also evolves over time, being
associated with both an overwhelming cytokine release
called cytokine storm and the later development of sepsis-
induced immune dysfunctions [4, 5]. Therefore, the need
for patient stratification before the initiation of any ther-
apy targeting host response is now considered as
mandatory in the design of future clinical trials testing
such adjunctive therapies in sepsis [8].

To enable such stratification, robust and reliable bio-
markers identifying patients at high risk of death or
nosocomial infections are mandatory. One example is the
decreased expression on circulating monocytes of human
leukocyte antigen-DR (mHLA-DR), which has been
shown to be associated with increased risk of death or
secondary infections in various ICU clinical contexts
(septic shock, trauma, burn, pancreatitis, etc.) [8, 21].
Interestingly, the measurement of this marker is now
included for patient stratification in the design of clinical
trials evaluating immune-stimulating therapies such as
GM-CSF [22]. One limitation to the use of this biomarker
is that its measurement is performed by flow cytometry
which requires strict pre-analytical conditions and is not
available 24/7 in most clinical labs.

In the current study, knowing that IL-7 is to be
assessed in sepsis clinical trials, we tested the hypothesis
that plasmatic sCD127 (its soluble receptor) level mea-
surement might represent a robust and easy-to-measure
biomarker for identification of patients at high risk of

calculated after admission. SOFA score was measured after 24 h of
ICU stay

OR odds ratio, 95 % CI 95 % confidence interval

* Backward selection was used and a p value of 0.05 was consid-
ered as statistically significant

death after septic shock. The main result was to observe
the highest sCD127 levels in a group of patients pre-
senting with increased mortality.

CD127 constitutes the alpha chain of the IL-7 recep-
tor, a heterodimer comprised of CD127 and the common
cytokine receptor y-chain (CD132). As with many cyto-
kine receptors, a soluble form of the IL-7Ro chain
(sCD127) has been identified [23]. However, the origins
(alternative splicing and release of membrane-bound
form) and functions of plasmatic sCD127 as well as the
mechanisms regulating the level of CD127 expression on
the cell surface are not well known. The soluble protein
was shown to bind to IL-7 in solution and is known to be
involved in several aspects of the immune response
including inflammation, cellular proliferation, and apop-
tosis [24, 25]. In addition, studies have pointed out that
sCD127 could be a marker of immunopathogenesis in
several diseases such as HIV infection, multiple sclerosis
[26], leukemia [26, 27], systemic lupus erythematosus
[17], and type 1 diabetes [18].

In the current study, we observed a significant asso-
ciation between increased sCD127 plasmatic level and
increased risk of death after septic shock. Moreover,
maximal difference in sCD127 concentrations between
survivors and non-survivors was observed as early as D1
after the onset of shock. This is interesting because most
biomarkers of host immune response usually present with
predictive value in regard to deleterious outcome later on
after the onset of shock (as is the case for mHLA-DR).
Therefore, increased sCD127 could thus prove to be a
very early biomarker usable for patient stratification
rapidly after septic shock. Moreover, as suggested by
experts in the field, as the immune response after sepsis is
a rapidly evolving phenomenon, the dynamic measure-
ment of sCD127 over time could be more informative
than a single measurement [28]. Although we may
hypothesize that sCD127 is a consequence of tremendous
lymphocyte activation, the reason for this amplified
increase in non-survivors remains to be investigated.
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Fig. 3 Survival curves. Kaplan—-Meier survival curves were estab-
lished on the basis of sCD127 cutoff values at day 1-2 (48.78 ng/
ml) (a) and day 34 (41.56 ng/ml) (b). A significant difference was
measured between the two curves (a: p < 0.001, log rank test,
hazard ratio 9.10, [95 % CI] 2.92-28.35 at day 1-2. b: p < 0.001,
log rank test, hazard ratio 13.47, [95 % CI] 3.93-46.14 at day 3-4)

In addition, the association between increased sCD127
and higher risk of death was preserved in multivariate
analysis including clinical confounders such as SOFA and
SAPS 1II scores. This suggests that the predictive value of
this biomarker is independent of patients’ initial severity
and that this marker may be informative by itself. Most
interestingly, the combination of sCDI127 level and
SAPS II improved the predictive value compared with
each parameter considered alone. Thus, as proposed in the
PIRO (Predisposition, Infection, Response, Organ dys-
function) score, this highlights the interest of combining
clinical parameters and biomarkers of host response in a

single score to improve patient characterization and thus
their stratification [29].

Furthermore, as opposed to other parameters such as
mHLA-DR, sCD127 concentration may appear easy to
measure in plasma on routine automated tests which are
available in emergency laboratories. In fact, ELISA
techniques are commonly used for many biological
parameters in routine practice and sCD127 measurement
may be easily automated.

Thus our results suggest that this parameter may be
used for identification of a group of patients with a high
risk of death after septic shock. Such stratification strat-
egy is now highly recommended in the design of future
clinical trials testing immunoadjuvant therapies in sepsis.
Interestingly, one such immunostimulating drug proposed
for the treatment of septic shock patients is recombinant
human interleukin-7 (rthIL-7) whose receptor partly
comprises CD127. Indeed, since T lymphocyte anergy has
been shown to be a hallmark of sepsis-induced immune
dysfunctions, rhIL-7 has been proposed as a putative
therapeutic strategy in sepsis. IL-7 is a pluripotent cyto-
kine and plays a fundamental role in T cell development,
peripheral T cell homeostasis, and immune tolerance.
Importantly, IL-7 is currently undergoing numerous
clinical trials, including in patients with cancer or human
immunodeficiency virus 1 (HIV-1), and could represent
an innovative therapy in the treatment of sepsis [15].
Indeed, rhIL-7 treatment has been shown to act at mul-
tiple levels to improve host immunity during sepsis in
different studies in mice such as prevention of T cell
apoptosis and improvements in T cell trafficking and
functionality after bacterial or fungal sepsis. Beneficial
effects on mortality and sepsis-induced immune dys-
functions have been described with rhIL-7 treatment [11-
14]. We recently evaluated the interest of ex vivo rhIL-7
administration in septic shock patients. We showed that
the IL-7 pathway was not significantly altered and was
still functional in septic shock patients. Moreover, in this
study, ex vivo rhIL-7 treatment significantly restored
sepsis-induced lymphocyte functions to a normal
response [16]. Although we did not investigate the cor-
relation between high levels of sCD127 and the response
following ex vivo rhIL.-7 administration, we believe that
this is worth assessing in a further study.

Our study has some limitations. First, these results
need to be confirmed in a larger ideally multicentric study
including important cohorts of patients. Furthermore,
other groups of septic patients should be included, as here
we focused on a specific group of patients still alive after
day 3. A prerequisite would be the optimization of
sCD127 ELISA measurement so as to allow its stan-
dardization. In addition, as this study was exploratory and
very preliminary, mechanisms responsible for plasmatic
sCD127 increase after septic shock (altered clearance in
the most severe patients, shedding from activated cells,
etc.) as well as the link between plasmatic sCD127 level,
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lymphopenia, and lymphocyte anergy and/or its restora-
tion by rhIL.-7 need to be evaluated in a dedicated study.
Understanding how sCD127 measurement could direct
rhIL-7 therapy would also deserve investigation in a
dedicated study, especially regarding sCD127 measure-
ment and lymphocyte alterations. Finally, healthy
volunteers were not age-matched with septic shock
patients. Nevertheless, as the main outcome was mortality
among septic patients, we hypothesize that this did not
interfere with the results.

To conclude, our results strongly support the hypoth-
esis that sCD127 measurement could represent a new
attractive biomarker for identification of a group of
patients presenting with higher risk of mortality. Upon

association studies showing a link between sCD127
measurement and sepsis-induced immune/lymphocyte
alterations and/or response to rhIL-7 treatment, we can
imagine that in upcoming clinical trials evaluating new
immunoadjuvant therapies in sepsis (especially aimed at
rejuvenating the adaptive side of immunity), assessment
of sCD127 might be of help for patient stratification.
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