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Abstract Objective: Injury to the
alveolocapillary barrier characterizes
ALI/ARDS; therefore determining
levels of lung epithelium-specific
small proteins in serum may help
predict clinical outcomes. We ex-
amined whether serum Clara cell
protein (CC-16) concentration is
correlated with the outcome, me-
chanical ventilation duration, and
incidence of nonpulmonary organ
failure. Design: Prospective multi-
center observational study conducted
by the Quebec Critical Care Network.
Measurements: Seventy-eight adult
ARDS patients requiring mechan-
ical ventilation were enrolled and
28-day mortality was the primary
outcome. Ventilatory parameters were
computed and blood was sampled
daily. Clinical information collected
included cause of death, duration of
mechanical ventilation, number of
ventilator-free days, and organ fail-
ures. Results: Median serum levels
of CC-16 were significantly higher in
nonsurvivors than survivors on days
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0–2 (19.93 µg/l, IQR 11.8–44.32,
vs. 8.9, 5.66–26.38) and sustained
up to day 14. CC-16 levels were
correlated positively with the number
of failing organs (ρ = 0.3623) and
requirement for prolonged mechani-
cal ventilation. Predictors of patient
mortality included age, arterial carbon
dioxide partial pressure, CC-16, and

APACHE II score (odds ratios 1.35,
1.52, 1.37, 1.159, respectively). Con-
clusions: Higher initial CC-16 serum
level is associated with increased
risk of death, fewer ventilator-free
days, and increased frequency of
nonpulmonary multiple organ failure.
CC-16 is a valuable biomarker of
ARDS that may help predict outcome

among ARDS patients with high-risk
mortality.

Keywords Clara cell protein · Acute
respiratory distress syndrome · Out-
come · Mechanical ventilation ·
Multiple organ failure

Introduction

The acute respiratory distress syndrome (ARDS) is a se-
rious clinical condition commonly observed in intensive
care units, with an incidence of 5–15 cases per 100,000 per
year in developed countries [1]. Until recently ARDS has
been associated with mortality rates of 40–60% [1, 2, 3];
however, new ventilatory strategies have resulted in sub-
stantial improvements. Investigators of the ARDS Network
have demonstrated that a low volume-controlled ventila-
tion allows a decreased overall mortality [4, 5]. This pro-
tective ventilatory strategy has led to an increased num-
ber of ventilator-free days (VFDs) and reduction in ARDS
mortality to less than 40% [4, 5]. Hallmarks of ARDS are
lung inflammation and edema with protein leakages [6, 7,
8, 9]. However, the nature of this leakage and its poten-
tial utility as a prognostic indicator of clinical outcomes
has not been extensively investigated. It is now clear that
leakage through a porous alveolar-capillary barrier is bidi-
rectional during ARDS [6, 8, 9]. Of the many biomark-
ers of protein leakage lung epithelium-specific small pro-
teins are the most relevant for the clinical monitoring of
lung injury [6]. Included in this class are the surfactant-
associated proteins secreted from type II and Clara ep-
ithelial cells [e.g., surfactant proteins (SP) A–D), alveolar
type I epithelial membrane proteins (e.g., HI-56), secre-
tory products of type II epithelial cells (e.g., KL-6), and
a Clara cell specific protein (CC-16 or CC-10) [6, 10, 11,
12, 13]. Several investigations have validated SP-A, SP-
B, SP-D, and KL-6 as important biomarkers of lung in-
jury and clinical outcome in patients with ARDS [6, 10,
11, 12, 13] or as predictor of ARDS onset in at-risk pa-
tients [11]. In this context, pneumoproteins such as CC-16
(16 kDa) or SP-B (15kDa) which are similar in molecular
size to several locally produced inflammatory mediators
(tumor necrosis factor α, interleukin 1β) may follow the
same pathway across the alveolar-capillary barrier, helped
by a loss of size selectivity from injured lungs [6].

It has been postulated that ventilator-induced lung in-
jury plays a role in the onset of multiple organ dysfunction
sometimes progressing to severe multiple organ failure.
Two underlying, often coexisting, causes have been pro-
posed: (a) locally produced cytokines and mediators and
(2) bacteria, bacteria-derived toxins, and/or other factors

released in and translocated from the lung systemically to
distal organs, with the loss of compartmentalization seen
in ARDS [14, 15, 16]. Subsequent to observations which
established epithelial biomarker leakage as a tool for
monitoring alveolar-capillary barrier permeability in ex-
perimental mechanically ventilated lungs [8] we decided to
evaluate this method over the course of human ARDS. The
primary purpose of the study was to determine whether
baseline blood concentrations of CC-16 is predictive of
survival in a cohort of patients with ARDS. Secondary
objectives were to examine the correlation between CC-16
baseline values and the number of nonpulmonary organ
failures and VFDs during the course of ARDS.

Methods
Study design

This prospective multicenter cohort study was conducted
from 2000 to 2002 at six clinical centers of the Quebec
Critical Care Network. The study protocol was approved
by the ethics review committees in each of the partici-
pating centers, and written consent was obtained from
all included patients. All 78 consecutive adult patients
18 years or older requiring assisted mechanical ventilation
and meeting the criteria for ARDS according to the North
American–European consensus conference (NAECC)
definition [17] were eligible. The time window of enroll-
ment for studied patients was within 48 h from the onset
of ARDS. An internal control group of ICU ventilated
patients at risk of ARDS was constituted for the first
48 h comparison (n = 12: six extrapulmonary sepsis, two
hemorrhagic shocks with multiple transfusions, two aspi-
rations of gastric content, and two traumas with multiple
fractures). ARDS patients were followed up to 28 days or
death. Subset analysis was performed with nonsmokers
(never smoking or at least 6-month from cessation) and
active smokers.

Study procedures

Blood samples were drawn via an arterial line and sera
were stored at –80°C. Serum levels of CC-16 were
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determined using an automated latex immunoassay [18]
whose accuracy was confirmed by comparison with
an enzyme-linked immunosorbent assay [19]. For the
follow-up CC-16 study the highest value available was
taken into account. Because CC-16 half-life is dependent
on the glomerular filtration rate, plasma creatinine content
was determined by the Jaffe [20] assay.

During the course of the study clinical and prognostic
data were collected. Baseline data included demographic
information, cause of ARDS, risk factors, Acute Physiol-
ogy and Chronic Health Evaluation (APACHE) II score at
the onset of ARDS, Lung Injury Score (LIS), and causes
of death. During follow-up each patient was assessed with
regard to ventilatory parameters. Blood samples were
taken daily during the first week, every 3 days afterwards,
and up to day 28 (when possible) or death. After 28 days
of follow-up data were collected on survival, cause of
death, duration of mechanical ventilation, number of
VFDs, and associated organ failures. In patients who had
experienced organ failures data were collected on the
day of maximum alterations from the onset of ARDS
and maximum alteration of the organ according to the
Sequential Organ Failure Assessment (SOFA) score
system [21]. Criteria for organ dysfunction were based
upon the SOFA score, with level 1 renal failure defined
as blood creatinine above 160 µmol/l [21]. All clinical
and biological data were analyzed using a computerized
informatics application (Epithelial Biomarkers) created
especially for this study.

Patients

The mean age of the 78 patients (61.5% men) was
63 ± 16 years (median 55, range 40.5–67). Risk factors of
ARDS were: nonpulmonary sepsis (n = 19), pneumonia
(n = 40), aspiration (n = 8), trauma (n = 6), acute pancreati-
tis (n = 3), and other (n = 2). Two-thirds (62.8%) of ARDS
cases were from direct causes. Median baseline parameters
were: APACHE II score 21 (range 16–26), ratio of the par-
tial pressure of arterial oxygen to the fraction of inspired
oxygen (PaO2/FIO2) 97.5 (76.5–150), PaCO2 47.5 mmHg
(37–53.25), minute ventilation 10 l/min (8.4–13.6), tidal
volume (Vt) 8.4 ml/kg ideal body weight (6.8–10.3), pH
7.34 (7.28–7.42), blood creatinine 98 µmol/l (63–183),
LIS 3.25 (2.75–3.5). Baseline characteristics of outcome
groups are described in Table 1.

Statistical methods

The relationship between two variables was assessed with
the SAS Proc Mixed (SAS version 8.2, SAS Institute, Cary,
N.C., USA). Descriptive results are presented as median
and interquartile range (IQR). Baseline characteristics of
dead and surviving patients were compared using Pear-
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son’s χ2 test for proportions and the Mann-Whitney U
test for quantitative variables. Each variable with a p value
of 0.20 or less on a bivariate analysis was introduced in
a backward logistic-regression model. The least significant
variable was discarded and the model reconstructed until
only significant variables (p ≤ 0.05 with the Wald statis-
tic) were left in the model, and the likelihood ratio test was
established. Areas under the receiver operating character-
istic (ROC) curves were calculated for the entire model
and for each of the predictive variables. Optimal positive
and negative likelihood ratios were determined for natural
logarithm (Ln) CC-16 because normal distribution was not
reached. All analyses were performed using the Statistical
Package for the Social Sciences (SPSS) software (version
12, Chicago, Ill., USA). Subsets of patients with different
VFDs were compared using the Kruskal-Wallis test with
posttest analysis of variance and correlations between pa-
rameters were analyzed using Spearman’s rank coefficient
in a two-tailed test, both for nonparameteric data.

Results

The 28-day survival rate for the cohort was 62% (49/78
patients alive), which was close to the survival rate after
release from the intensive care unit (50/78). Causes of
death in the 29 nonsurvivors were as follows: 5 terminal
respiratory failure, 18 multiple organ failure, 6 other (3
neurological terminal events, 2 cessation of active treat-
ment, 1 refractory shock). Outcome groups’ characteristics
of organ dysfunction/failure are detailed in Table 2. During
the 28-day observation period nine patients were treated
with venovenous hemodialysis for renal failure; three had
to be treated within the first 2 days. Twenty-one patients
received glucocorticoids, nine of whom were treated
within the first 2 days for reasons other than ARDS. The
underlying conditions for steroid treatment in this latter
group included previous obstructive respiratory disease in
two, adrenal failure with circulatory shock in five, primary
adrenal failure in one, and refractory ARDS in one. Eight
patients received nitric oxide (four on days 0–1), ten were
turned in prone position (three on days 0–2), and five
were given an alveolar recruitment maneuver (40 cmH2O
end-inspiratory pressure for 40 s) on days 0–2.

Survivors Non survivors pa

No. associated organ failure(s), median (IQR)b 2 (1.5–3) 3 (2- 4) 0.0162
Renal failure scoreb 0.5 (0–2) 2.5 (0- 4) 0.0107
No. organ failure(s) reaching maximal scoringb,c 0 (0–1) 1 (0- 2) 0.0082
Maximal SOFA scored 7.5 (5–11.5) 12 (10- 15) 0.0005

a Survivors and nonsurvivors (Mann- Whitney U test)
b In addition to ARDS, as defined by SOFA score (coagulation, liver, cardiovascular renal), but exclud-
ing central nervous system assessment (maximal number/scoring 4)
c As defined by grade 4 on SOFA score, excluding central nervous system gradation
d Excluding central nervous system assessment (maximum scoring 20)

Table 2 Follow-up clinical
parameters of outcome groups in
ARDS patients (n = 78) (SOFA
Sequential Organ Failure
Assessment)

CC-16 and other predictors of survival

Univariate analysis

As illustrated in Fig. 1a, serum levels of CC-16 on days
0–2 were significantly higher in patients who died within
the observation period (median 8.9 µg/l, IQR 5.66–26.38)
than in those who survived (19.93 µg/l, 11.8–44.32;
p = 0.01). This difference remained statistically significant
when patients with renal failure were excluded from
the analysis because of interference between CC-16
half-life and glomerular filtration rate dependency (non-
survivors 16.32 µg/l, 10.98–43.48 vs. survivors 8.89 µg/l
(5.88–19.8; Fig. 1b). Active smokers (n = 34) exhibited
initial CC-16 blood contents of 28.1 ± 36.2 µg/l and
nonsmokers (n = 40) 29.9 ± 47 µg/l (p = 0.855, 4 miss-
ing data). In addition, the active smokers/nonsmokers
ratio was 25/20 in survivors and 9/20 in nonsurvivors
(p = 0.0388, 4 missing data). While active smoking habit
has been reported to decrease serum levels of CC-16,
it was neither an independent factor of initial CC-16
blood content nor an indicator of outcome in our study.
Serial measurements of CC-16 revealed no statistically
significant differences between survivors and nonsurvivors
during the two last weeks of observation, but a sustained
increased blood content in nonsurvivors during the two
first weeks from the onset (p < 0.05; Fig. 1c).

Multivariate analysis

A multivariate analysis determined the following four vari-
ables to be predictors of patient mortality: age, PaCO2,
Ln (CC-16), and APACHE II score (Table 3). ROC analy-
sis was performed on statistically selected parameters to
examine their utility as predictors of death. The ROC is
shown in Fig. 2 using the variable Ln (CC-16). Ln CC-
16 higher than 2 (7.4 µg/l) yields a sensitivity of 90% and
specificity of 60%, and Ln CC-16 higher than 4 (54.6 µg/l)
21% sensitivity and 91% specificity. Other significant in-
dependent parameters from the multiple regression analy-
sis are: age (AUC 0.699), APACHE II score (0.704), and
PaCO2 (0.634). Data from all four predictors yield an AUC
of 0.865. The Hosmer-Lemeshow test indicated that the fit



1171

Fig. 1 CC-16 blood concentra-
tions on days 0–2 from the onset
of ARDS as a function of
outcome. a All studied patients.
b Patients without renal failure.
c Serial changes in CC-16 blood
concentrations in survivors vs.
nonsurvivors with ARDS.
Values per patient-period were
the highest observed during the
follow-up and arbitrary
partitioned in blocks of
several-days up to day 28.
n Number of patients sampled at
the corresponding period. White
boxes Survivors; gray boxes
nonsurvivors; horizontal line
median; box 25th–75th
percentile range; error bars
10th–90th percentile range.
Mann-Whitney U test,
two-tailed

of the model was good (C = 6.97, p = 0.54; H = 2.94, and
p = 0.976). The likelihood ratio test indicated that the final
model with only four independent variables did not differ
significantly from the initial model (χ2 = 7.7, p = 0.320).

CC-16, mechanical ventilation, and ventilator-free days

The mean ventilation time for the total cohort was
17.6 ± 16 days. The mean number of VFDs was 9.7 ± 1
for the total cohort, comparable to that observed in recent
large trials of ARDS [4, 16, 22]. In general, patients
experiencing no VFDs died or in rare cases were still
receiving assisted ventilation at 28 days. Patients with
fewer than 7 VFDs had higher CC-16 values than those
with 7–14 days (p = 0.0286) and those with more than
14 days (p = 0.0003; Fig. 3).

Table 3 Risk of death predictors: odds ratios of independent vari-
ables: multivariate analysis (n = 78) (PaCO2 partial pressure of arte-
rial carbon dioxide, CC-16 Clara cell protein, APACHE Acute Phys-
iology and Chronic Health Evaluation, CI confidence interval)

Odds ratio 95% CI p

Age 1.35 1.11–1.64 0.0029
(increments of 5 years)
PaCO2 1.52 1.10–2.09 0.0117
(increments of 5 mmHg)
CC-16 1.37 1.25–1.83 0.0347
(increments of 0.5)
APACHE II score 1.15 1.03–1.28 0.0121
(increments of 1 U)

Pneumoproteins and nonrespiratory organ failures

There was a direct correlation between CC-16 levels and
number of failing organs (Spearman’s ρ = 0.3623, 95%
confidence interval 0.14–0.55, p = 0.0014, n = 78; Fig. 4).
This relationship was maintained when patients with
renal failure were excluded from the analysis (Spearman’s
ρ = 0.24, 95% confidence interval 0.007–0.44, p = 0.0381;
Fig. 4).

Fig. 2 Receiver operating characteristic curve relating serum CC-16
concentration (Ln) on days 0–2 of ARDS and survival. Area under
the curve (AUC) is 0.684 (0.56–0.803) and represents the fraction of
patients who died that would have a positive test: high CC-16 blood
concentration, greater than 54.6 µg/l for specificity greater than or
equal to 90%. Vertical axis Number of true positive values (sensitiv-
ity); horizontal axis number of false positive values (1-specificity);
diagonal segments produced by ties
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Fig. 3 Relationship between CC-16 blood concentrations on days
0–2 and the number of ventilatory-free days (see text)

Fig. 4 Relationship between pneumoprotein blood concentrations
on days 0–2 and the number of failing organs associated with ARDS
during the course of the disease. Failing organs as defined by SOFA
score and excluding central nervous system (see Table 2). Including
renal failure (gray bars) and excluding renal failure (black bars)

Discussion

This observational cohort study of ARDS patients demon-
strates a prognostic value for the pneumoprotein CC-16.
Specifically, the higher the initial CC-16 serum levels are
after the onset of ARDS, the worse are the associated clini-
cal outcomes. These include increased risk of death, fewer
VFDs and increased frequency of nonpulmonary multiple
organ failure.

ARDS survival and CC-16

Although no standardized recommendations regarding
mechanical ventilation or weaning procedures were pro-
vided to participating centers, overall mortality rate in this
study was similar to those of other multicenter studies,
i.e., 30–40% [4, 16, 23]. A principal observation in this
investigation is that early measurement of serum CC-16 is

correlated with outcome of patients at the onset of ARDS.
This observation is unlikely related to the ventilator setting
because baseline selected Vt-normalized to the ideal body
weight and minute ventilation were similar in the two
outcome groups. CC-16 is a more specific independent
predictor of death than age, even when renal failure is dis-
carded from analyses. Lung injury in ARDS induces loss
of size selectivity of the alveolar capillary barrier which
physiologically restricts 10- to 20-kDa macromolecule
transport [6, 8]. Higher serum levels of lung-specific
proteins can issue from nonrestrictive pulmonary leakage
or increased epithelial cell damage. These pneumoproteins
are considered to be sensitive and specific lung biomarkers
of alveolar-capillary barrier alteration, particularly in
ARDS [6, 10, 11, 12]. CC-16 is secreted by bronchiolar
Clara cells in a region commonly affected by ARDS-
related diffuse alveolar damage, and leaks across the
alveolar-capillary barrier into the bloodstream in a number
of inflammatory lung diseases, appearing to be one of the
best candidates for monitoring lung hyperpermeability [6,
8]. In addition, higher CC-16 bronchoalveolar lavage fluid
values have been reported in ARDS patients with lower
concentrations in nonsurvivors [24], suggesting a possible
enhanced lung permeability associated with poor outcome.

Several general risk factors as well as non-lung-
specific biomarkers of ARDS have also been proposed
to help physicians in predicting outcomes [1, 14, 25].
Biomarkers more targeted to pulmonary tissues, but
different from CC-16, have also been tested in the effort
to predict ARDS outcome. Elevated serum SP-D and
KL-6 but not SP-A are good predictors of death in
ARDS [12, 13]. However, SP-D, widely expressed in the
intestine, can easily translocate from hyperpermeable gut
in critical conditions, and KL-6 is a large protein whose
modulation of diffusion is not well understood [13]. SP-B
looks promising as a predictor of ARDS onset in at-risk
patients [11], but there is pending issue as to its value for
predicting ARDS outcome.

Mechanical ventilation of ARDS and CC-16

Duration of mechanical ventilation is currently considered
a sensitive clinical marker of outcome in critically ill pa-
tients [26]. Although this study was not designed to pro-
vide specific validation because no standardized procedure
of ventilation was mandatory, the average duration of me-
chanical ventilation and the median number of VFDs re-
ported in this study fall within the range of other inves-
tigations [4, 11, 16, 22, 27]. A marker that can predict
the required time needed for invasive ventilation could be-
come a valuable component of a multiparameter assess-
ment model to score morbidity index, difficulty and du-
ration of rehabilitation, and cost of care. Specifically, the
higher the early CC-16 blood concentration was, the fewer
were VFDs in this study, which is consistent with the asso-
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ciation reported between mechanical ventilation and CC-
16 leakage in a rat model of hyperoxia [8]. High plasma
levels of SP-D at baseline were also associated with fewer
VFDs in a human ARDS study [12]. Ventilation-dependent
PaCO2 was identified in this study as an independent indi-
cator of outcomes and one of the four predictors of death.
Indeed, the observed higher baseline PaCO2 in nonsur-
vivors was disease-dependent rather than related to differ-
ing ventilatory parameter settings, because minute ventila-
tions were similar in both outcome groups [28].

Ventilator-associated nonpulmonary organ failure and
CC-16

The primary cause of death in this cohort was multiple
organ failure, as an independent factor of poor prognosis,
a finding consistent with previous studies [4, 12, 25,
29]. There is growing evidence suggesting that bacteria,
endotoxins, and inflammatory mediators contained in
and/or produced by the lung can leak into systemic
bloodstream [15, 16, 30, 31]. Clinical observations to-
gether with ex vivo and in vivo experimental models of
acute lung injury/ARDS demonstrate that lung-derived
overproduction of inflammatory mediators, enhanced by
inappropriate mechanical ventilation, can be dispersed
systemically into the bloodstream through a loss of com-
partmentalization, triggering distal organ apoptosis and
failure, and increasing mortality [16, 31, 32, 33, 34, 35].

The relationship between early CC-16 blood con-
centration and frequency of nonpulmonary organ failure
in this study remained after discarding potentially con-
founding data from patients with renal failure, as has
been recently reported with SP-D blood levels [12]. Since
CC-16 is not committed in acute lung injury/ARDS or
multiple organ failure induction but rather is an anti-
inflammatory molecule [6, 24], this correlation likely

reflects an increased passage of aggressive “companion”
mediators (e.g., tumor necrosis factor α, interleukin 1β)
which accompany CC-16 across the alveolar-capillary
barrier.

Limitations of the present study include the relatively
small size of the population studied, a long enrollment
period due to the limited number of centers, the un-
common incidence of ARDS, absence of consensus on
ventilation and weaning strategies, potential impact of the
first ARDS Network publication [4], assessment of only
one biomarker, and relative dispersion of CC-16 blood
levels between survivors and nonsurvivors. On the other
hand, baseline CC-16 blood measurement as a predictor
of ARDS patient’s outcome adds above and beyond other
lung epithelial biomarkers for several reasons: it is (a)
more lung-specific than SP-D, (b) easier to measure than
SP-B, (c) more accurate than SP-A, and (d) smaller and
more sensitive than KL-6. Although glomerular filtration
rate limited, CC-16 is a valuable marker of ARDS out-
come which can be easily measured with commercially
available enzyme-linked immunosorbent assay kits.

In conclusion, higher initial serum concentration of
CC-16 is associated with (a) worse clinical outcome
in ARDS patients with or without kidney failure, (b)
prolonged mechanical ventilation, and (c) increased
frequency and severity of nonpulmonary organ failure.
CC-16 measurement in addition to other relevant parame-
ters may assist critical care physicians in better predicting
mortality among their high-risk ARDS patients. Because
CC-16 cutoff predictive values were chosen by a post-hoc
analysis and the cohort patient was limited, a larger
prospective ARDS patients’ study is needed to further
recommended CC-16 blood measurement for clinical use.
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