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Introduction
Acute respiratory distress syndrome (ARDS) confers signifi-
cant mortality and is often associated with poor prognosis, in 
part due to the lack of approved laboratory tests.1 Previous 
analyses have evaluated non-specific biomarkers and have 
shown some success in diagnosis and prognosis; however, no 
ARDS-specific prognostic biomarker exists.

Club cell secretory protein (CC16) is a lung-specific protein 
largely secreted from epithelial cells in the small bronchioles of 
the lungs making it highly specific to lung pathologies.2 In 
both pre-clinical and clinical studies of ARDS, CC16 has 
demonstrated its diagnostic and prognostic potential.3-5 
Recently, CC16-derived phenotypes have demonstrated utility 
in predicting 90-day mortality in a secondary analysis of the 
Fluid and Catheter Treatment Trial (FACTT), with an opti-
mal cut-point of 45 ng/mL for stratification.6 The objective of 
this study was to externally validate our previously described 

cut-point in an independent cohort of 100 patient samples 
from the albuterol to treat acute lung injury (ALTA) trial. We 
hypothesized that patients in the high CC16 group (>45 ng/
mL) would have significantly worse outcomes than patients 
with low CC16.

Materials and Methods
In this secondary biomarker analysis, plasma CC16 concentra-
tion was measured from 100 ALTA subjects using an ELISA 
kit (R&D Systems, Catalog # DY4218, Minneapolis, MN) 
according to the manufacturer’s instructions. The primary out-
come was the difference in 90-day mortality between subjects 
with high (>45 ng/mL) and low (<45 ng/mL) CC16 concen-
tration on day 0. This cut-off level was applied based on our 
previous analysis from FACTT trial which included 68 
patients. Secondary outcomes included ICU-free days, ventila-
tor-free days (VFD), and organ failure-free days.
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Background: Club cell secretory protein (CC16) has demonstrated utility as a lung-specific biomarker in predicting mortality in acute 
respiratory distress syndrome (ARDS). These findings have been observed in pre-clinical trials and a re-analysis of a large, randomized con-
trolled trial of ARDS (Fluid and Catheter Treatment Trial (FACTT)).
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Design and method: In this secondary biomarker analysis, plasma CC16 level was measured from 100 ALTA subjects using enzyme-
linked immunosorbent assay (ELISA). The rate of mortality was assessed in patients with high (⩾45 ng/mL) versus low CC16 (<45 ng/mL) 
levels. This cut-off level was applied based on our previous analysis from FACTT trial. Significance was assessed using Kaplan-Meier curves 
and a log-rank test.

Results: Subjects were an average of 50 years old and 46% of them were females. Patients with high CC16 levels had higher 90-day mor-
tality compared to those with low CC16 levels, (37.73% vs 8.95%, P < .001). Other clinical outcomes including ICU-free days, ventilator-free 
days, and organ failure free days were significantly different between the groups (All P < .05).

Conclusion: In this validation study, we demonstrated that ARDS patients with high plasma CC16 concentration had a higher mortality 
rate than those with low CC16 levels, confirming previous findings that CC16 levels are associated with ARDS mortality.
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The ALTA and FACTT trials are multicenter, prospective, 
randomized, clinical trials of intubated patients with acute 
lung injury. The designs of both trials have been described in 
detail previously.7,8 Briefly, intubated patients with bilateral 
lung infiltrates consistent with the presence of pulmonary 
edema not related to left atrial hypertension, had a ratio par-
tial pressure of oxygen to fraction of inspired oxygen (PaO2/ 
FiO2) of 300 or less were included. Patients with acute myo-
cardial infarction, left atrial hypertension, neuromuscular dis-
ease, high risk of mortality within 6 months, long term 
respiratory or hepatic diseases were excluded. Subjects of 
ALTA were randomized to receive aerosolized albuterol or 
placebo whereas FACTT patients were assigned to either 
conservative or liberal fluid management. The study period of 
ALTA trial was between August 2007 and September 2008. 
FACTT study enrollment was between June 2000, and 
October 2005.

The current study is a retrospective biomarker analysis of 
the ALTA trial. Plasma samples were obtained from the 
National Heart, Lung, and Blood Institute’s (NHLBI) 
Biological Specimen and Data Repository Information 
Coordinating Center (BioLINCC). Analyses took place at 
Augusta University laboratories from May to August 2022. 
This study was approved by the Augusta University Institutional 
Review Board (IRB number: 1128838-13).

The estimation of the sample size in the current study was 
based on our previous binomial proportions for the 90-day 
mortality outcome (50% vs 7.5% in high vs low CC16 groups, 
respectively).6 We calculated that enrolling 102 patients (51 in 
each group) would provide a statistical power of 95% at an α 
level of .001 to validate the previous difference in mortality. 
Due to limited samples obtained from BioLINCC, and 
unknown CC16 concentrations in samples, we later grouped 
53 patients with high CC16 and 47 with low CC16.

Statistical analysis

All statistical analyses were computed in IBM SPSS Statistics 
Version 27.0 and figures were created with GraphPad Prism. 
Statistical significance was set at an alpha of 0.05. Patient 
demographics were evaluated using descriptive statistics. The 
primary outcome was assessed with Kaplan-Meier curves and a 
log-rank test. Categorical variables were assessed with Chi-
squared analysis. The best cut-off value was assessed using the 
maximum Youden’s index (sensitivity + specificity − 1) as stand-
ard. For normal distribution data, mean and standard deviation 
were reported, whereas median and interquartile ranges were 
stated for nonnormal distribution data. Analysis of variance and 
Mann Whitney U-test were utilized as parametric and non-
parametric tests, respectively to calculate the P value.

Results
Patient characteristics

In this cohort of 100 ALTA patients, the average age was 
50 years old with a 26% mortality rate. Baseline characteristics 
can be seen in Table 1. Patients in the high CC16 group were 
significantly older (47 vs 53; P = .03), and had a higher average 
APACHE III score (76.8 vs 105.9; P < .001). Other baseline 
characteristics were similar between groups.

Patient outcomes

When stratified by our previously defined CC16 cut point of 
45 ng/mL, patients in the high CC16 group had significantly 
higher mortality (37.7% vs 8.9%, P < .001) than those with low 
baseline CC16 (Figure 1A). In addition to increased mortality, 
patients with high baseline CC16 has significantly fewer VFD 
(21 vs 15; P = .03), organ failure-free days (23 vs 8; P < .001), 
and ICU free days (18 vs 14; P = .04). Upon independent area 

Table 1.  Characteristics and clinical outcomes of ALTA patients.

Characteristic Total cohort (n = 100) Low CC16 (⩽45 ng/m L) (n = 47) High CC16 (>45 ng/mL) (n = 53) P-value

Age   50.7 ± 15.6   47.2 ± 14.4   53.9 ± 16.0 .03

Female sex, % 46 36.2 54.7 .06

APACHE III score   92.3 ± 28.8   76.8 ± 19.9 105.9 ± 4.0 <.001

PaO2/FiO2 141.9 ± 59.9 149.2 ± 66.3 135.5 ± 53.5 .2

Patient outcomes

  90-day mortality % 26 8.9 37.7 <.001

  Ventilator-free days 19 (0, 23) 21 (11, 24) 15 (0, 23) .03

  ICU-free days 16 (4, 22) 18 (9, 23) 14 (0, 21.5) .04

  Organ failure free days 16 (2.25, 25) 23 (10, 26) 8 (0, 20) <.001

Abbreviations: APACHE, Acute Physiology, Age and Chronic Health Evaluation; PaO2, Partial pressure of oxygen; FiO2, fraction of inspired oxygen.
Continuous data presented as means ± SD or median (interquartile range) as indicated.
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under the receiver operating characteristics (AUROC) analysis 
of the ALTA cohort CC16 vs mortality, the AUROC was 0.67, 
whereas the optimal cut point was 48 ng/mL. Lastly, we applied 
another cut-off level (51 ng/mL) reported by Lin et al which 
was associated with 28-day mortality in ICU patients with 
ARDS.4 Likewise, patients with high CC16 levels (⩾51 ng/
mL) had higher 90-day mortality compared to those with low 
CC16 levels (<51 ng/mL), (37.5% vs 11.11%, P < .001) 
(Figure 1B).

Discussion
This study provides further evidence that high baseline CC16 
levels defined as ⩾45 ng/mL are associated with increased 
mortality in patients with ARDS and may serve as a useful 
prognostic indicator. Our previous analysis of 68 patients 
from the FACTT trial demonstrated an optimal CC16 cut 
point of 45 ng/mL for the prediction of 90-day mortality. In 
our current study, utilization of this same cut point to stratify 
patients in an independent cohort demonstrated a large and 
significant difference in 90-day mortality in an independent 

cohort. While the independent analysis of the ALTA cohort 
yielded a lower AUROC (0.67), the optimal stratification 
level remained similar to our previous findings, validating a 
cut point near 45 ng/mL. Nevertheless, stratification by this 
CC16 concentration for ARDS prognosis warrants prospec-
tive analysis.

The primary and secondary outcomes are quite similar in 
our previous and current study including differences in 90-day 
mortality, VFDs, and ICU-free days. In both studies, patients 
with high CC16 concentration had higher 90-day mortality. 
However, worse status in other clinical outcomes like VFD and 
ICU-free days can be seen only in ALTA but not FACTT 
patients. This could be explained by the age of ARDS samples 
in FACTT compared to those in ALTA (7 years older), as well 
as the difference in sample size (100 vs 68 patients in ALTA 
and FACTT, respectively). Thus, broader prospective valida-
tion with a larger sample size is needed to draw inferential con-
clusions and provide generalizability.

Our findings are comparable to what has been found in pre-
vious observational studies of CC16 in ARDS.3,4 Lin et al 
reported that CC16 level was associated with the severity of 
ARDS assessed by ICU length of stay and PaO2/FiO2 ratio. 
They also reported higher levels of CC16 in non-survivors 
than in survivors. Moreover, Lesur et al found that high base-
line CC16 concentration was associated with worse clinical 
outcomes in ARDS patients including death, ventilator-free 
days, and multiple organ failure.9 In the present study, patients 
with elevated CC16 had similar worse outcomes. Taken 
together, these findings support the potential of CC16 as a 
prognostic biomarker for ARDS.3-5,10

Club cells, which are mainly located in the bronchial tubes 
are the primary source of the CC16 protein.11 These cells are 
reported to have roles in the repair of the damaged epithelium 
as they migrate and replace injured alveoli during lung injury 
remodeling.12-15 Due to the increased vascular permeability of 
the alveoli in ARDS, CC16 protein secreted from Club cells 
may easily diffuse into circulation. Furthermore, diffuse alveo-
lar damage (DAD), a histological feature for the acute stage of 
ARDS, is associated with a higher mortality rate.16 Therefore, 
elevated levels of CC16 in systemic circulation may indicate 
more severe damage in the alveolar epithelium and predict a 
poor prognosis of ARDS.

Laboratory-based blood markers for prognostication and 
phenotype-based therapies have been proposed for the man-
agement of ARDS.17-19 However, its application has mainly 
focused on inflammatory markers so far.17,20,21 Incorporating 
lung-specific biomarkers into predictive models may provide a 
better understanding of the pathophysiologic alterations of 
phenotype-based prognostication and response to therapy.21 In 
our studies, the higher CC16 subgroup appeared to have worse 
outcomes as well. Therefore, including CC16 in the biomarker 
panels of ARDS sub-phenotypes is worth further validation.

Figure 1.  Kaplan-Meier survival curve high vs low CC16 concentration. 

Kaplan-Meier survival curve for ARDS patients (n = 100) from ALTA trial 

was censored at 90-days follow-up based on a 45 ng/mL cut-off level (A) 

and a 51 ng/mL cut-off level (B).
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Early detection and intervention are critical to improving 
outcomes in patients with ARDS, and the time course of 
CC16 plasma concentration supports its use as an early 
marker. CC16 appears to be rapidly elevated in circulation 
after alveolar injury. Wutzler et al reported that admission 
concentration of CC16 in sera of patients with multiple inju-
ries more accurately identified those with lung injury than 
others suggesting the importance of early measurement of cir-
culating CC16 from trauma patients at risk of ARDS.22 Same 
group of researchers showed that initial elevation of circulat-
ing CC16 within 24 hours period was associated with severe 
lung involvement in trauma patients.23 In our studies, day 0 or 
day 1 CC16 predicted poor prognosis and death within 
90 days. Taken together, CC16 may constitute an early circu-
lating prognostic biomarker for lung injury and a promising 
predictor for ARDS-related mortality.

In addition to CC16’s potential to serve as a predictive bio-
marker, CC16 may also have therapeutic roles. CC16 has dem-
onstrated a beneficial effect against the pulmonary inflammatory 
response by modulation of the activities of phospholipases A2, 
interferon-γ, and tumor necrosis factor-α (TNF-α) raising a 
possibility to serve as a potential therapy for lung diseases.24 
Therefore, several studies aimed to examine the role of CC16 
using a neutralizing antibody. In a murine model of sepsis-
induced lung injury as described by blunt chest trauma with 
subsequent cecal ligation and puncture, CC16 neutralization 
caused an increased neutrophilic infiltration and pro-inflam-
matory CXCL1 levels.25,26 Another study utilizing the same 
experimental method showed increased pro-inflammatory 
cytokines, immune cells infiltration and more severe pulmo-
nary damage after CC16 neutralization.27 Taken together, 
endogenous CC16 appeared to be an anti-inflammatory pul-
monary protein with protective roles in ALI.

This study has several key limitations including the retro-
spective nature and limited sample size. We did not reach our 
intended sample size (n = 51 in each group), therefore the risk 
of type II error cannot be ruled out; however, since we observed 
a difference in the primary outcome this is less of a concern. 
Another limitation is the difference in AUROC values between 
ALTA (0.67) and FACTT (0.78) cohorts. The apparent differ-
ence between the AUROC could be due to several variables 
including the age of FACTT samples, the variable sample size, 
and the different timing of sample collection from each cohort. 
Still, our previously reported values are consistent with the 
available literature.

Conclusion
In this study, we demonstrated that stratification of an inde-
pendent cohort of ARDS patients by our previously reported 
prognostic cut point yielded similar results. Patients in the high 
CC16 group had significantly higher mortality than those with 
low baseline CC16. CC16 warrants further prospective valida-
tion as a prognostic biomarker among ARDS patients.

Declarations
Ethics approval and consent to participate

Public-use data and plasma specimens were collected from the 
ALTA trial and provided via BioLINCC. All research proce-
dures in ALTA trial were approved by the institutional review 
boards and informed consent in writing was obtained from 
enrolled patients or surrogates at each participating hospital. 
Plasma samples were measured at Augusta University labora-
tories and this study was approved by the Augusta University 
Institutional Review Board (IRB number: 1128838-13).

Consent for publication

This study was approved by the Augusta University Institutional 
Review Board.

Author contributions

Sultan Almuntashiri: Conceptualization; Data curation; Formal 
analysis; Writing – original draft. Aaron Chase: Formal analysis; 
Investigation; Validation; Writing – review & editing. Andrea 
Sikora: Conceptualization; Formal analysis; Investigation; 
Writing – review & editing. Duo Zhang: Conceptualization; 
Funding acquisition; Investigation; Supervision; Writing – 
review & editing.

Acknowledgements

None.

Availability of data and materials

The data that support the findings of this study are available 
from the corresponding author, upon reasonable request.

ORCID iD
Duo Zhang  https://orcid.org/0000-0003-0361-4174

References
	 1.	 Bellani G, Pham T, Laffey JG. Missed or delayed diagnosis of ARDS: a common 

and serious problem. Intensive Care Med. 2020;46:1180-1183.
	 2.	 Almuntashiri S, Zhu Y, Han Y, Wang X, Somanath PR, Zhang D. Club cell 

secreted protein CC16: potential applications in prognosis and therapy for pul-
monary diseases. J Clin Med. 2020;9:4039.

	 3.	 Lin J, Zhang W, Wang L, Tian F. Diagnostic and prognostic values of club cell 
protein 16 (CC16) in critical care patients with acute respiratory distress syn-
drome. J Clin Lab Anal. 2018;32:e22262.

	 4.	 Lin J, Tao W, Wei J, et al. Renal dysfunction reduces the diagnostic and prognos-
tic value of serum CC16 for acute respiratory distress syndrome in intensive care 
patients. BMC Pulm Med. 2020;20:212.

	 5.	 Ware LB, Koyama T, Zhao Z, et al. Biomarkers of lung epithelial injury and 
inflammation distinguish severe sepsis patients with acute respiratory distress 
syndrome. Crit Care. 2013;17:R253.

	 6.	 Chase A, Almuntashiri S, Sikora A, Zhang D. Club cell secretory protein-
derived acute respiratory distress syndrome phenotypes predict 90-Day mortal-
ity: A reanalysis of the fluids and catheter treatment trial. Crit Care Explor. 
2022;4:e0711.

https://orcid.org/0000-0003-0361-4174


Almuntashiri et al	 5

	 7.	 National Heart, Lung, and Blood Institute Acute Respiratory Distress Syn-
drome (ARDS) Clinical Trials Network, Wiedemann HP, Wheeler AP, Bernard 
GR, et al. Comparison of two fluid-management strategies in acute lung injury. 
N Engl J Med. 2006;354:2564-2575.

	 8.	 National Heart, Lung, and Blood Institute Acute Respiratory Distress Syn-
drome (ARDS) Clinical Trials Network, Matthay MA, Brower RG, Carson S, 
et al. Randomized, placebo-controlled clinical trial of an aerosolized β₂-agonist 
for treatment of acute lung injury. Am J Respir Crit Care Med. 2011;184:561-568.

	 9.	 Lesur O, Langevin S, Berthiaume Y, et al. Outcome value of Clara cell protein 
in serum of patients with acute respiratory distress syndrome. Intensive Care Med. 
2006;32:1167-1174.

	10.	 Kropski JA, Fremont RD, Calfee CS, Ware LB. Clara cell protein (CC16), a 
marker of lung epithelial injury, is decreased in plasma and pulmonary edema 
fluid from patients with acute lung injury. Chest. 2009;135:1440-1447.

	11.	 Rokicki W, Rokicki M, Wojtacha J, Dżeljijli A. The role and importance of club 
cells (Clara cells) in the pathogenesis of some respiratory diseases. Kardiochir Tor-
akochirurgia Pol. 2016;13:26-30.

	12.	 Crosby LM, Waters CM. Epithelial repair mechanisms in the lung. Am J Physiol 
Lung Cell Mol Physiol. 2010;298:L715-L731.

	13.	 Fukuda Y, Takemura T, Ferrans VJ. Evolution of metaplastic squamous cells of 
alveolar walls in pulmonary fibrosis produced by paraquat. An ultrastructural 
and immunohistochemical study. Virchows Arch B Cell Pathol Incl Mol Pathol. 
1989;58:27-43.

	14.	 Rock JR, Barkauskas CE, Cronce MJ, et al. Multiple stromal populations con-
tribute to pulmonary fibrosis without evidence for epithelial to mesenchymal 
transition. Proc Natl Acad Sci U S A. 2011;108:E1475-E1483.

	15.	 Fukumoto J, Soundararajan R, Leung J, et al. The role of club cell phenoconver-
sion and migration in idiopathic pulmonary fibrosis. Aging. 2016;8:3091-3109.

	16.	 Cardinal-Fernández P, Lorente JA, Ballén-Barragán A, Matute-Bello G. Acute 
respiratory distress syndrome and diffuse alveolar damage. New Insights on a 
complex relationship. Ann Am Thorac Soc. 2017;14:844-850.

	17.	 Calfee CS, Delucchi KL, Sinha P, et al. Acute respiratory distress syndrome sub-
phenotypes and differential response to simvastatin: secondary analysis of a ran-
domised controlled trial. Lancet Respir Med. 2018;6:691-698.

	18.	 Matthay MA, Zemans RL, Zimmerman GA, et al. Acute respiratory distress 
syndrome. Nat Rev Dis Primers. 2019;5:18.

	19.	 Villar J, Ferrando C, Martínez D, et al. Dexamethasone treatment for the acute 
respiratory distress syndrome: a multicentre, randomised controlled trial. Lancet 
Respir Med. 2020;8:267-276.

	20.	 Famous KR, Delucchi K, Ware LB, et al. Acute respiratory distress syndrome 
subphenotypes respond differently to randomized fluid management strategy. 
Am J Respir Crit Care Med. 2017;195:331-338.

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

	22.	 Wutzler S, Lehnert T, Laurer H, et al. Circulating levels of Clara cell protein 16 
but not surfactant protein D identify and quantify lung damage in patients with 
multiple injuries. J Trauma. 2011;71:E31-E36.

	23.	 Wutzler S, Backhaus L, Henrich D, et al. Clara cell protein 16: A biomarker for 
detecting secondary respiratory complications in patients with multiple injuries. 
J Trauma Acute Care Surg. 2012;73:838-842.

	24.	 Broeckaert F, Bernard A. Clara cell secretory protein (CC16): characteristics and 
perspectives as lung peripheral biomarker. Clin Exp Allergy. 2000;30:469-475.

	25.	 Störmann P, Becker N, Vollrath JT, et al. Early local inhibition of club cell pro-
tein 16 following chest trauma reduces late sepsis-induced acute lung injury. J 
Clin Med. 2019;8:896.

	26.	 Vollrath J, Stoermann P, Becker N, et al. Early local neutralization of CC16 in 
sepsis-induced ALI following blunt chest trauma leads to delayed mortality 
without benefitting overall survival. Int J Mol Med. 2020;46:2207-2215.

	27.	 Janicova A, Becker N, Xu B, et al. Endogenous uteroglobin as intrinsic anti-
inflammatory signal modulates monocyte and macrophage subsets distribution 
upon sepsis induced lung injury. Front Immunol. 2019;10:2276.


