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Prognostic value of circulating proteins at diagnosis among 
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Background: Improved prediction of prognosis among lung cancer patients could facilitate better clinical 
management. We aimed to study the prognostic significance of circulating proteins at the time of lung cancer 
diagnosis, among patients with and without smoking history. 
Methods: We measured 91 proteins using the Olink Immune-Oncology panel in plasma samples that 
were collected at diagnosis from 244 never smoking and 742 ever smoking patients with stage I–IIIA non-
small cell lung cancer (NSCLC). Patients were recruited from nine centres in Russian Federation, Poland, 
Serbia, Czechia, and Romania, between 2007–2016 and were prospectively followed through 2020. We used 
multivariable Survey-weighted Cox models to assess the relationship between overall survival and levels of 
proteins by adjusting for smoking, age at diagnosis, sex, education, alcohol intake, histology, and stage. 
Results: The 5-year survival rate was higher among never than ever smoking patients (63.1% vs. 46.6%, 
P<0.001). In age- and sex-adjusted survival analysis, 23 proteins were nominally associated with overall 
survival, but after adjustment for potential confounders and correcting for multiple testing, none of the 
proteins showed a significant association with overall survival. In stratified analysis by smoking status, IL8 
[hazard ratio (HR) per standard deviation (SD): 1.40, 95% confidence interval (CI): 1.18–1.65, P=1×10−4] 
and hepatocyte growth factor (HGF) (HR: 1.45, 95% CI: 1.18–1.79, P=5×10−4) were associated with survival 
among never smokers, but no protein was found associated with survival among ever smokers. Integrating 
proteins into the models with clinical risk factors did not improve the predictive performance of NSCLC 
prognosis [C-index of 0.63 (clinical) vs. 0.64 (clinical + proteins) for ever smokers, P=0.20; C-index of 0.68 
(clinical) vs. 0.72 (clinical + proteins) for never smokers, P=0.28].
Conclusions: We found limited evidence of a potential for circulating immune- and cancer-related protein 
markers in lung cancer prognosis. Whereas some specific proteins appear to be uniquely associated with lung 
cancer survival in never smokers.
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Introduction

Lung cancer is the leading cause of cancer death worldwide. 
In 2022, an estimated 2.5 million people were diagnosed 
with lung cancer and 1.8 million died of this disease 
around the world (1). Smoking remains the most important 
risk factor for lung cancer, accounting for over 85% of 
lung cancer cases (2,3), but with the decline in smoking 
prevalence in many high-income countries, the proportion 

of lung cancers diagnosed in patients without smoking 
history has been increasing in recent decades (4,5). Lung 
cancer among never smokers has been documented to have 
distinct epidemiological, clinical, molecular and genetic 
features from lung cancer among smoker patients, yet it is 
less studied (3,6,7). 

Some studies have suggested that circulating proteins, 
especially biomarkers related to the immune system, 
can improve prediction of lung cancer survival (8-11). 
Our team previously analysed pre-diagnostic level of 
1,159 proteins in 708 cohort participants subsequently 
diagnosed with lung cancer, but we did not identify any 
robust associations with survival (12). However, our study 
used measurements of proteins taken up to 3 years before 
diagnosis, and like most other studies we only analysed 
lung cancer patients with a smoking history. Studies are 
lacking among lung cancer patients who have never smoked 
cigarettes, which is important since levels of immune and 
inflammation biomarkers could be altered by smoking  
(13-17). Consequently, it remains unclear whether levels of 
circulating proteins measured at the time of diagnosis, and 
their associations with lung cancer survival, are different 
across lung cancer patients with and without a smoking 
history.

We performed a proteomic analysis on plasma samples 
that were collected at diagnosis from more than 900 
patients with non-small cell lung cancer (NSCLC) who 
were originally recruited to a large multi-centric prospective 
cohort study of lung cancer in central and eastern Europe. 
In this analysis, we aimed to explore the prognostic 
significance of circulating protein levels at the time of 
lung cancer diagnosis, among patients with and without 
smoking history. We present this article in accordance with 
the REMARK reporting checklist (available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-24-242/rc). 

Methods

Study population, recruitment, sample collection, and 
follow-up

Participants were originally recruited to a large prospective 
study to assess the survival of early-stage NSCLC in 
central and eastern Europe, which has been described  
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• The circulating proteins in non-small cell lung cancer (NSCLC) 

patients varied by stage, histology, and smoking history. Before 
taking these factors into account, more than 20 proteins showed 
associations with overall survival, but after adjustment for these 
confounders and correcting for multiple testing, only interleukin 
8 (IL8) and hepatocyte growth factor (HGF) remained associated 
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previously (18). In brief, from April 2007 to July 2016, 
patients with newly diagnosed surgically resected stage 
I–IIIA NSCLC, were recruited from 9 sites in Russian 
Federation, Czechia, Romania, Serbia, and Poland. 
Upon recruitment, blood samples were collected from 
the participants before receiving any treatment for their 
disease, and were then stored at a temperature of −70 ℃. 
Ever smokers were defined as participants who reported to 
have smoked at least 100 cigarettes through their lifetime, 
otherwise, the participants were considered as never 
smokers. Patients were followed twice per year through an 
active and a passive process to determine vital status, disease 
progression, and treatments. At recruitment, all participants 
provided written informed consent to participate in this 
study and this study was approved by the ethics committee 
of the International Agency for Research on Cancer (No. 
06-11-A1 and No. 12-26-A1). The study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013). All participating institutions were informed and 
agreed with the study.

Sample selection

Out of the original 2,052 patients, we excluded 384 
participants who either did not have plasma samples 
(n=192), or were diagnosed with neuroendocrine tumors 
(n=192). We stratified the remaining 1,668 participants by 
smoking status. To ensure a sufficient sample size in each 
smoking-status group, we selected all 246 never smokers, 
and randomly selected 377 patients from the 493 former 
smokers, and a further 377 random patients from the 929 
current smokers in our study population. 

Proteomics assays

We used the Olink proteomics platform (https://www.
olink.com/) in Uppsala, Sweden to measure the relative 
concentrations of circulating proteins. The platform 
is based on proximity extension assays (PEAs) that are 
highly sensitive, avoid cross-reactivity, and have high 
reproducibility (19). It provides high-throughput semi-
quantitative concentration measurements of annotated 
proteins by quantitative polymerase chain reaction (qPCR), 
and has been applied widely for proteomic measurement 
in various studies (20). We measured circulating levels of 
92 proteins using the “immuno-oncology” panel based 
on their biological function (available online: https://cdn.
amegroups.cn/static/public/tlcr-24-242-1.xlsx), of which 

44 are involved in the inflammatory response. Protein 
measurements were expressed as normalized protein 
expression (NPX) values for each protein per individual. 
NPX is Olink’s relative protein quantification unit on a 
log2 scale, and the detailed normalization procedure was 
described before (21). In brief, it’s comprised of three 
main steps: normalization to the extension control, log2 
transformation, and level adjustment using the plate 
control. We replaced protein values that were below the 
lower limit of detection (LOD) with the LOD divided by 
the square root of 2 and rescaled each protein to have a 
mean of 0 and a standard deviation (SD) of one. We didn’t 
observe protein levels above upper LOD. We excluded one 
protein (IL33) which had no variance across the patients. Of 
the remaining 91 proteins, only 5 had missing values. These 
include IL4 which was missing for 47 participants (4.8%), 
and four other proteins (IL1-alpha, IL2, IL12RB1, and 
IL13) which were only missing for one random participant. 
Because of the randomness of the missing values that were 
due to failed datapoints (assay/chip failure) and the small 
number of individuals with missing data, we replaced the 
missing values for the five proteins with the mean values of 
the study population. Furthermore, of the selected 1,000 
samples, 14 were excluded due to contamination (n=11), 
and protein measurement failure (n=3). Consequently,  
91 proteins from a total of 986 patients were included in the 
current analysis (Figure 1). 

Sample size

Given 453 (46%) all-cause deaths accumulated among 986 
patients during 5 years of follow-up. Assuming a significant 
P value threshold of 0.0005, this sample size provides at 
least 80% power to identify protein markers with a hazard 
ratio (HR) (per 1-SD increment) above 1.23 (22).

Statistical analysis

To examine the relationships between levels of circulating 
proteins with smoking status (ever and never) and TNM 
stage (continuous, stage IA, IB, IIA, IIB, and IIIA) at 
diagnosis, we used survey-weighted linear regression model 
(“survey” package in R version 4.0.4) (23), with weighting 
for smoking prevalence in the original cohort, and levels of 
circulating proteins as outcome. The weighting values were 
applied for current, former, and never smoking individuals. 
We calculated the weighting values by using the prevalence 
of current, former, and never smoking status in the full 

https://www.olink.com/
https://www.olink.com/
https://cdn.amegroups.cn/static/public/tlcr-24-242-1.xlsx
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cohort to divide the corresponding prevalence in the protein 
cohort. The model for smoking status was adjusted for age 
at diagnosis (per 1-year), sex, education level (elementary, 
high school, and university), alcohol intake (never and ever), 
histology (adenocarcinoma and squamous cell carcinoma), 
and stage (continuous, stage IA, IB, IIA, IIB, and IIIA), 
while the model for TNM stage was adjusted for age at 
diagnosis, sex, alcohol intake, histology, and smoking status 
(never and ever). 

For survival analysis, the entry time was set as the date 
of NSCLC diagnosis, and the exit time was set at the date 
of death, last contact date, or at 5 years after diagnosis, 
whichever occurred first. We truncated follow-up at  
5 years to reduce the heterogeneity in the length of follow-
up time due to the long length of recruitment (2007 to 
2016). We used weighted Kaplan-Meier analysis to estimate 
the probability of overall survival and its 95% confidence 
interval (CI) at 1, 3, and 5 years after diagnosis, to provide 
representative survival estimates across all smoking 
categories. We further performed a sensitivity analysis to 
assess the risk of disease progression (recurrence, metastasis, 

and death whichever occurred first) as an alternative 
endpoint. We used three survey-weighted Cox models to 
assess the relationship between overall survival and levels 
of proteins. Model 1 was adjusted for age at diagnosis 
(per 1-year) and sex, model 2 was additionally adjusted for 
education level (elementary, high school, and university), 
smoking status (never and ever), alcohol intake (never and 
ever), and histology (adenocarcinoma and squamous cell 
carcinoma), and model 3 further included stage (continuous, 
stage IA, IB, IIA, IIB, and IIIA). Further adjustment for 
treatment (chemotherapy and radiation therapy) did not 
affect the observed estimates. Therefore, we proceeded with 
the more parsimonious model for subsequent analyses. We 
added an interaction term between protein concentrations 
and smoking status (never and ever) in these models to 
assess whether there is any heterogeneity in the association 
between proteins and overall mortality by smoking status. 

We defined the association with P value less than 0.05 
as nominal significance, and we accounted for multiple 
testing based on the ‘effective-number-of-tests (ENT)’. 
The ENT method accounts for multiple testing by applying 

Patient with stage I–IIIA NSCLC (n=2,052)
(9 sites from Russian Federation, Czechia, Romania, Serbia, and Poland)

Stage I–IIIA NSCLC blood collected before any treatment (n=1,668):
Never smoking (n=246); former smoked (n=493); current smoking (n=929)

Stage I–IIIA NSCLC blood collected before any treatment (n=1,000):
Never smoking (n=246); former smoked (n=377); current smoking (n=377)

Stage I–IIIA NSCLC for analysis (n=986)
Never smoking (n=244); former smoked (n=373); current smoking (n=369)

Excluded (n=384):
• No plasma samples (n=192)
• Diagnosed with neuroendocrine tumors 

(n=192)

Excluded (n=14):
• Samples failed due to contamination (n=11)
• Samples failed due to technical errors in 

protein measurement (n=3) 

• Keep all never smoking patients
• Random select ever smoked patients

Figure 1 Flowchart of the participants enrolment. NSCLC, non-small cell lung cancer.
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a Bonferroni correction using the number of independent 
tests as the number of principal components needed to 
explain 95% of the variance in protein abundance (24).

To investigate the potential predictive utility of proteins 
for survival among NSCLC patients, we fit an integrated 
(protein + clinical) model for all patients, and separately for 
ever and never smoking subgroups. The clinical variables 
included age at diagnosis, sex, smoking status (for overall 
model), alcohol intake, histology, and stage. Further, to 
avoid overfitting, we did not include education (which 
did not show significant effects) in the model for never 
smoking patients (86 deaths). We selected proteins by using 
the LASSO Cox proportional hazards models (“glmnet” 
package in R version 4.0.4) (25). We used 10-fold cross-
validation to confirm a suitable shrinkage parameter (λ), 
and randomly generated 1,000 different datasets wherein 
80% of patients were served as the training set. For each 
training set, we applied the LASSO Cox regression models. 
To determine the most relevant proteins for incorporation 
into our risk prediction models, we selected the top 3 
proteins that were chosen across the 1,000 training sets. 
Subsequently, we fit three-protein based risk models in the 
training sets using Cox proportional regression models 
and validated their performance in the remaining 20% of 
patients. The evaluation was based on the median C-index 
value calculated across the 1,000 iterations. Finally, we 
estimated the difference in C-indices between integrated 
(protein + clinical) models and clinical-only models across 
the 1,000 iterations of the 20% patient subset.

All tests were two-sided, and analyses were performed 
using R software.

Results 

Descriptive statistics

For the 986 patients, the mean age at diagnosis was  
64.4 years (SD 8.84 years), and 66.6% of patients were 
male. All patients underwent surgical resection for their 
tumor, while 25.8% further received chemotherapy, and 
17.3% received radiation therapy. Compared to ever 
smoking patients, those who never smoked were more likely 
to have a histology of adenocarcinoma (86.5% vs. 40.0%) 
and be diagnosed at stage I (stage I: 63.9% vs. 50.1%). 
Never smoking patients were also less likely to regularly 
drink alcohol (16.8% vs. 52.3%) (Table 1).

There were 453 deaths over 5 years. The overall survival 
of participants with NSCLC was 84.1% (95% CI: 81.6–

86.6%) at 1 year, 62.7% (95% CI: 59.5–66.0%) at 3 years, 
and 48.9% (95% CI: 45.5–52.6%) at 5 years. Five-year 
survival was higher in never- than in ever-smokers (63.1% 
vs. 46.6%, P<0.001) (Figure S1).

Protein levels by smoking status and TNM stage

After adjustment for potential confounders, protein levels 
were nominally different (P<0.05) for 32% (29/91) of 
the measured proteins between never and ever smokers  
(Figure 2A, available online: https://cdn.amegroups.cn/
static/public/tlcr-24-242-1.xlsx). After controlling for 
multiple testing, levels of 9 proteins remained different 
among ever and never smokers. Compared to never 
smokers, ever smoker patients had significantly higher levels 
of hepatocyte growth factor (HGF) (P=8×10−6), MMP12 
(P=3×10−6), LAMP3 (P<0.001), ANGPT2 (P<0.001), 
IL8 (P<0.001), and IL6 (P<0.001), and lower levels of 
FASLC (P=1×10-6), ICOSLG (P=4×10−6), GAL1 (P<0.001), 
VEGFR2 (P<0.001), and TIE2 (P=0.002).

When comparing protein levels across TNM stages, 
34 of 91 proteins showed nominally different levels with 
increasing TNM stage in the adjusted models (Figure 2B, 
available online: https://cdn.amegroups.cn/static/public/
tlcr-24-242-1.xlsx). After correcting for multiple testing, 
patients with more advanced stages had significantly higher 
blood levels of CXCL13 (P=9×10−8), MMP12 (P=3×10−7), 
MUC16 (P=6×10−7), IL8 (P=2×10−6), CCL23 (P<0.001), 
MCP-3 (P<0.001), and CCL3 (P<0.001), but lower blood 
levels of ICOSLG (P=2×10−5).

After correction for multiple testing, three proteins 
(ICOSLG, MMP12, IL8) showed variation across both 
smoking status and stage at diagnosis in the adjusted models 
(Figure 2). 

Protein levels and lung cancer survival

When analysing all patients regardless of smoking history, 
we found 23 proteins nominally associated with all-cause 
mortality after minimal adjustment for age and sex (P<0.05) 
(Figure 3A, available online: https://cdn.amegroups.cn/
static/public/tlcr-24-242-1.xlsx). After accounting for 
multiple testing, five proteins remained associated with all-
cause mortality, including MUC16 (HR per SD increase 
=1.26, 95% CI: 1.16–1.38, P=2×10−7), IL6 (HR per SD 
increase: 1.20, 95% CI: 1.09–1.31, P<0.001), CXCL13 
(HR per SD increase: 1.19, 95% CI: 1.09–1.29, P<0.001), 
TRAIL (HR per SD increase: 0.83, 95% CI: 0.76–0.91, 

https://cdn.amegroups.cn/static/public/TLCR-24-242-Supplementary.pdf
https://cdn.amegroups.cn/static/public/tlcr-24-242-1.xlsx
https://cdn.amegroups.cn/static/public/tlcr-24-242-1.xlsx
https://cdn.amegroups.cn/static/public/tlcr-24-242-1.xlsx
https://cdn.amegroups.cn/static/public/tlcr-24-242-1.xlsx
https://cdn.amegroups.cn/static/public/tlcr-24-242-1.xlsx
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Table 1 Characteristics of 986 lung cancer patients recruited from central and eastern Europe and included in analysis of circulating proteins

Characteristics Never smoking (N=244) Ever smoking (N=742) Total (N=986)

Age at diagnosis (years), mean (SD) 65.1 (10.4) 64.1 (8.27) 64.4 (8.84)

Sex, n (%)

Female 197 (80.7) 132 (17.8) 329 (33.4)

Male 47 (19.3) 610 (82.2) 657 (66.6)

Centers†, n (%)

Czechia 3 (1.2) 21 (2.8) 24 (2.4)

Poland 24 (9.8) 223 (30.1) 247 (25.1)

Romania 4 (1.6) 30 (4.0) 34 (3.4)

Russian Federation 213 (87.3) 379 (51.1) 592 (60.0)

Serbia 0 (0.0) 89 (12.0) 89 (9.0)

Year at diagnosis, n (%)

2007–2010 70 (28.7) 152 (20.5) 222 (22.5)

2011–2013 94 (38.5) 421 (56.7) 515 (52.2)

2014–2016 80 (32.8) 169 (22.8) 249 (25.3)

Education, n (%)

Elementary 47 (19.3) 273 (36.8) 320 (32.5)

High school 88 (36.1) 288 (38.8) 376 (38.2)

University 109 (44.7) 179 (24.1) 288 (29.3)

Missing 0 2 2

Regular alcohol intake, n (%)

Never 203 (83.2) 354 (47.7) 557 (56.5)

Ever 41 (16.8) 388 (52.3) 429 (43.5)

BMI at diagnosis

Mean (SD) 28.0 (4.74) 26.0 (4.33) 26.5 (4.52)

Missing 0 1 1

Smoking pack-years

Mean (SD) NA 43.2 (21.6) 43.2 (21.6)

Missing NA 3 3

Histology, n (%)

Adenocarcinoma 211 (86.5) 297 (40.0) 508 (51.5)

Squamous cell carcinoma 33 (13.5) 445 (60.0) 478 (48.5)

Stage, n (%)

IA 90 (36.9) 170 (22.9) 260 (26.4)

IB 66 (27.0) 202 (27.2) 268 (27.2)

IIA 25 (10.2) 122 (16.4) 147 (14.9)

IIB 16 (6.6) 77 (10.4) 93 (9.4)

IIIA 47 (19.3) 171 (23.0) 218 (22.1)

Table 1 (continued)
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Table 1 (continued)

Characteristics Never smoking (N=244) Ever smoking (N=742) Total (N=986)

Chemotherapy, n (%) 49 (20.1) 205 (27.6) 254 (25.8)

Radiation therapy, n (%) 36 (14.8) 135 (18.2) 171 (17.3)

All cause death, n (%) 86 (35.2) 367 (49.5) 453 (45.9)

Lung cancer death, n (%) 64 (26.2) 216 (29.1) 280 (28.4)

Survival probability (%), OS (95% CI)

1-year 90.6 (87.0–94.3) 82.6 (79.9–85.4) 84.1 (81.6–86.6)

3-year 77.7 (72.7–83.2) 59.6 (56.2–63.3) 62.7 (59.5–66.0)

5-year 63.1 (57.1–69.7) 46.6 (42.9–50.7) 48.9 (45.5–52.6)
†, patients were recruited from 2 sites in Russian Federation (departments of thoracic surgery in N.N. Blokhin National Medical Research 
Center of Oncology, and the City Clinical Oncological Hospital No. 1 in Moscow), 3 sites in Czech Republic (Motol University Hospital 
in Prague, Masaryk Memorial Cancer Institute in Brno and University Hospital Olomouc in Olomouc), 1 site in Romania (Marius Nasta 
Institute of Pneumology in Bucharest), 1 site in Serbia (Clinical Centre of Serbia in Belgrade), and 2 sites in Poland (Institute of Tuberculosis 
and Lung Diseases in Warsaw, and Military Medical Academy in Lodz). SD, standard deviation; OS, overall survival; CI, confidence interval; 
NA, no observation.

−0.25                0.00                0.25 −0.25                0.00                0.25
Change in log-protein concentration (standard deviation units)

Confidence in associations      ENT significant     Nominally significant   Below nominal significance
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Figure 2 Cross-sectional analysis of protein levels across the strata of smoking status and TNM stage, among 986 lung cancer patients 
recruited from central and eastern Europe. (A) Survey-weighted linear regression model with adjustment for age at diagnosis, sex, education 
(elementary, high school, university and above), alcohol intake (never, ever), histology (adenocarcinoma and squamous cell carcinoma), and 
stage (continuous) and weighted for the original smoking prevalence. (B) Survey-weighted linear regression model with adjustment for age 
at diagnosis, sex, education (elementary, high school, university and above), smoking status (ever and never), alcohol intake (never, ever), 
and histology (adenocarcinoma and squamous cell carcinoma) and weighted for the original smoking prevalence. TNM stage was treated 
as continuous variable, and values from 1 to 5 represents stage IA, IB, IIA, IIB, and IIIA. ENT significant: ENT statistical significance. 
Nominally significant: P<0.05. ENT, effective-number-of-tests.

P=9×10−5), and ICOSLG (HR per SD increase: 0.81, 95% 
CI: 0.74–0.89, P<0.001). Further adjustment for education 
level, smoking status, alcohol intake, and histology did not 
influence these associations notably (Figure 3B). However, 

no protein remained associated with all-cause mortality 
after additionally accounting for tumour stage at diagnosis 
(all corrected P values >0.05) (Figure 3C). Similar results 
were obtained when we assessed disease progression as the 



Translational Lung Cancer Research, Vol 13, No 9 September 2024 2333

© AME Publishing Company.   Transl Lung Cancer Res 2024;13(9):2326-2339 | https://dx.doi.org/10.21037/tlcr-24-242

outcome (Figure S2), and when we stratified the analysis by 
tumor stage as IA–IIA and IIB–IIIA subgroups (available 
online: https://cdn.amegroups.cn/static/public/tlcr-24-
242-1.xlsx). However, among the proteins with nominally 
significant association with overall mortality in overall 
patients (Figure 3C). ICOSLG showed stronger inverse 

association in patients with stage IIB-IIIA than patients with 
stage IA–IIA [HR per SD increase: 0.76 (95% CI: 0.66–
0.87) vs. 0.96 (95% CI: 0.84–1.10)], and MUC16 showed 
stronger positive association in patients with stage IA–IIA 
than patients with stage IIB–IIIA [HR per SD increase: 1.31 
(95% CI: 1.15–1.49) vs. 1.08 (95% CI: 0.95–1.22)] (available 
online: https://cdn.amegroups.cn/static/public/tlcr-24-242-
1.xlsx).

We subsequently carried out survival analysis stratified 
by smoking status (ever/never). Before adjusting for stage 
(models 1 and 2), MUC16 and TRAIL were associated 
with survival in ever smokers (P ENT-corrected <0.05), 
and MUC16, HGF, and IL8 were associated with survival 
among never smokers, showed ENT-significant association 
with survival (P ENT-corrected <0.05) (Figure 4A-4D). 
After adjustment for stage (model 3), no protein remained 
associated with survival in ever smokers (Figure 4E), but IL8 
(HR per SD increase: 1.40, 95% CI: 1.18–1.65, P<0.001) 
and HGF (HR per SD increase: 1.45, 95% CI: 1.18–1.79, 
P<0.001) remained associated with survival in never 
smokers (Figure 4F, available online: https://cdn.amegroups.
cn/static/public/tlcr-24-242-1.xlsx). 

After comprehensive adjustments (model 3), 22 proteins 
showed nominally significant associations with survival 
either in the overall study population, or among never/
ever smoking subgroups. Heterogeneity test showed that, 
seven out of 22 proteins were differently associated with 
survival across the smoking strata (P-heterogeneity<0.05). MCP-
3, HGF, CCL20, and TNFRSF12A showed larger HRs 
in never smokers compared to patients who ever smoked, 
and VEGFR2 showed stronger inverse association with 
overall mortality in never smokers than ever smokers. The 
association between TNF levels and lung cancer survival 
was in different directions across the smoking strata (ever 
smokers: HR per SD increase: 0.90, 95% CI: 0.81 to 1.00; 
never smokers: HR per SD increase: 1.22, 95% CI: 0.89–
1.65, P-heterogeneity=0.01) (Figure 5).

Assessment of predictive utility of proteins for lung cancer 
prognosis

We applied LASSO Cox regression for the 1,000 different 
training iterations, each time to select five proteins for 
prediction of mortality after NSCLC diagnosis. ICOSLG, 
MUC16, and ANGPT2 were the top 3 selected proteins 
across the 1,000 iterations for the overall patients, which 
were each selected in 75% of iterations (Figure S3). By 
smoking status, the top proteins were TRAIL, MUC16, 
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Figure 3 Associations between protein concentrations and overall 
mortality after lung cancer, among 986 lung cancer patients 
recruited from central and eastern Europe. (A) Model 1: weighted 
by smoking prevalence from the full cohort and adjusted age at 
diagnosis and sex. (B) Model 2: model 1 + smoking status (never, 
ever), education (elementary, high school, university and above), 
alcohol intake (never, ever), and histology (adenocarcinoma 
and squamous cell carcinoma). (C) Model 3: model 2+ stage 
(continuous). ENT significant: ENT statistical significance. 
Nominally significant: P<0.05. SD, standard deviation; ENT, 
effective-number-of-tests.
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Figure 4 Associations between protein concentrations and overall mortality after lung cancer by smoking status, among 986 lung cancer 
patients recruited from central and eastern Europe. Model 1: adjusted for age at diagnosis and sex; model 2: model 1 + education (elementary, 
high school, university and above), alcohol intake (never, ever), and histology (adenocarcinoma and squamous cell carcinoma); model 3: 
model 2 + stage (continuous). Models for ever smokers were weighted by smoking prevalence from the full cohort. ENT significant: ENT 
statistical significance. Nominally significant: P<0.05. SD, standard deviation; ENT, effective-number-of-tests.

and ANGPT2 for smoker patients (selected in at least 
75% of iterations), and VEGFR2, HGF and TNFRSF12A 
for never smoker patients (selected in at least 50% of 
iterations) (Figure S4). When integrating selected proteins 
with clinical factors to predict the risk of overall mortality 
for patients (Table S1), among ever smoking patients, the 
C-index was 0.63 (95% CI: 0.57–0.68) with clinical factors 
only and 0.64 (95% CI: 0.58–0.70) when adding proteins 
(P=0.20 for improvement with proteins). Among never 
smoking patients, the C-index was 0.68 (95% CI: 0.56–0.80) 
with clinical factors only and 0.72 (95% CI: 0.59–0.82) 
when adding proteins (P=0.28 for improvement with 
proteins) (Table S2).

Protein levels and overall survival by histology

Stratifying the analysis by histology revealed no significant 
associations between proteins and overall mortality risk in 

patients with adenocarcinoma or squamous cell carcinoma 
after controlling for multiple testing. However, the protein 
profiles demonstrating nominally significant associations 
with overall mortality differed between the two patient 
groups (Figure S5). 

Discussion 

In this prospective study, we evaluated 91 circulating 
proteins in relation to lung cancer survival based on samples 
collected at the time of diagnosis in patients with stage I–
IIIA NSCLC. We did not identify any protein strongly 
associated with lung cancer survival in ever smokers after 
taking clinical stage into account, but two proteins (HGF 
and IL8) were found associated with survival in never 
smokers. Integrating protein levels into a prognostic model 
did not improve prediction of lung cancer prognosis of 
NSCLC patients.
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We recently published promising results indicating that 
pre-diagnostic levels of circulating proteins have strong 
potential in improving risk prediction of incident lung 
cancer (26,27). However, when we analysed the same data 
to evaluate the association between pre-diagnostic levels 
of proteins with lung cancer survival, we found that pre-
diagnostic proteins did not improve prediction of prognosis 
after lung cancer diagnosis (12). Similar to our previous 
findings for protein levels before diagnosis, in the current 
study we found limited evidence for potential of circulating 
proteins in improving lung cancer prognosis when measured 
at the time of diagnosis in relation to NSCLC survival. 
Whereas as some proteins were found associated with 
survival in never smokers in this study, they did not improve 
prediction of survival beyond clinical factors, particularly 
tumor stage.

Proteins involved in inflammation and the immune 
system have been widely studied for the prognosis and 
treatment of NSCLC over the last decade (28,29). As an 
example, a proteomic signature that is linked to chronic 
inflammation, was able to predict NSCLC therapy response 
in a clinical trial and was subsequently proposed to have 
potential predictive value for NSCLC prognosis (10,30). 
In the current study, we focused on a group of 91 proteins 
measured on the Olink immuno-oncology panel, which 
comprise proteins associated with cancer development, 
inflammation, and immune function. We found 32% of 
the proteins nominally associated with survival of NSCLC 
patients in minimally adjusted models (age- and sex-
adjustment). However, because most of these proteins were 
also associated with disease stage, and adjusting for tumour 
stage accounted for the survival association of each protein. 
This suggest that many of the studied proteins are proxies 
of disease severity and cancer stage and they do not add 
more prognostic and predictive values beyond those gained 
from clinical information.

It is challenging to identify robust prognostic markers for 
lung cancer survival, partly because lung cancer is one of the 
cancers with the highest frequency and number of mutations 
(31,32). Moreover, the incidence of mutations in lung 
cancer varies across histology, ethnicity, and smoking status 
(33,34). Most previous studies on circulating proteins and 
lung cancer survival had smaller sample size compared to 
this study which precluded accurate assessment by smoking 
status and tumor stage (8,9,35-37). Particularly, protein 
levels have been rarely studied in relation to lung cancer 
survival among never smokers. In this study we measured 
protein levels of NSCLC patients at diagnosis, and found 

not only that levels of many proteins differ by smoking 
status, but also a few of them showed stronger association 
with NSCLC survival in patients who never smoked, than 
ever smokers, which were not identified by previous studies 
including mostly ever smoking patients. After correction 
for multiple testing, IL8 and HGF remained significantly 
associated with overall mortality in NSCLC patients who 
never smoked. In previous studies, elevated IL8 was linked 
to an unfavorable tumor microenvironment and was shown 
to potentially serve as a therapeutic target for NSCLC (38).  
Similarly, HGF acts as a stromal cell-derived factor that 
strongly affects cancer cell invasiveness in the tumor 
microenvironment, that has also been targeted in anticancer 
drug discovery over the past decade (39). 

Strengths of this study are its large sample size that 
allowed performing a comprehensive analysis across 
NSCLC patients with various stage, histology, and smoking 
status; inclusion of a large number of never smokers which 
allowed a detailed assessment of the values of proteins 
among this population that has been rarely investigated; the 
recruitment of patients from five countries which enhances 
the generalizability of the findings; and using stringent 
statistical approaches to account for potential biases and 
random findings. Our study lacked external validation for 
the prediction models but given that we did not identify 
improvements in prediction when using the proteins, 
we feel certain that this result would not be altered if an 
external validation sample were available. We did not 
consider sex and histology during the sample selection, 
which are differently distributed among never and ever 
smokers. However, we tried to address this limitation in 
the statistical analysis, by adjusting all models for sex and 
histology. An important limitation is that we assessed only 
one protein panel containing 92 pre-selected proteins, 
although we chose this panel because it contained the 
proteins that a-priori appeared most likely to be informative. 
However, we welcome future studies of similar design that 
assess a broader set of protein markers in relation to lung 
cancer survival. 

Conclusions

In conclusion, analysis of 91 circulating immune- and 
cancer-related proteins in 986 patients with stage I-IIIA 
NSCLC did not provide strong evidence for an important 
potential in lung cancer prognostics. With the exception 
of HGF and IL8 which were only associated with NSCLC 
survival in never smokers, none of the proteins showed 
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strong association with NSCLC survival in any of the 
study subgroups. Integration of the protein markers into 
a statistical model that contains demographics and clinical 
factors did not improve the prediction of NSCLC survival. 
While our study highlights the importance of considering 
smoking status and tumor stage in future analysis of 
circulating proteins in relation to cancer outcomes, well-
powered future studies are needed to investigate a broader 
panel of the blood proteome and other biomarkers such 
as circulating tumor DNA (ctDNA) and circulating tumor 
cells (CTCs), in relation to survival in NSCLC patients.
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Supplementary

Figure S1 Overall survival after lung cancer diagnosis, stratified by smoking status, among 986 lung cancer patients recruited from central 
and eastern Europe. Survival model was weighted by the smoking prevalence in the original cohort. P value represents the log-rank test for 
comparing the Kaplan-Meier curves.

Figure S2 Associations between protein concentrations and 5-year disease progression (including recurrence, metastasis, and death 
whichever first) after lung cancer, among 986 lung cancer patients recruited from central and eastern Europe. Models were weighted by 
smoking prevalence from the full cohort and adjusted age at diagnosis, sex, smoking status (never, ever), education (elementary, high school, 
university and above), alcohol intake (never, ever), histology (adenocarcinoma and squamous cell carcinoma), and stage (continuous).
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Figure S3 The proportion of proteins been selected for overall mortality for lung cancer patients by LASSO Cox model, with 1,000 
bootstrapping.

Figure S4 The proportion of proteins been selected for overall mortality for ever and never smoking lung cancer patients by LASSO Cox 
model, with 1,000 bootstrapping.
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Figure S5 Associations between protein concentrations and overall mortality after lung cancer by histology. Models were weighted by 
smoking prevalence from the full cohort and adjusted age at diagnosis, sex, education (elementary, high school, university and above), 
alcohol intake (never, ever), smoking status (never, ever), and stage (continuous). There were no statistically significant associations after 
controlling for multiple testing.
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Table S1 Hazard ratios and 95% CI of predictors in the integrated models for survival after lung cancer diagnosis

Factors
HR (95% CI)

All patients (N=986) Ever smokers (N=742) Never smoking (N=244)

ICOSLG 0.84 (0.76–0.93) 

MUC16 1.16 (1.06–1.26) 1.15 (1.04–1.27)

ANGPT2 1.15 (1.05–1.26) 1.09 (0.98–1.20)

TRAIL 0.85 (0.77–0.94)

VEGFR2 0.69 (0.53–0.89)

HGF 1.23 (0.99–1.53)

TNFRSF12A 1.50 (1.12–2.00)

Age at diagnosis (per 5-year) 1.11 (1.05–1.17) 1.10 (1.03–1.17) 1.00 (0.89–1.13)

Sex 

Female Ref Ref Ref

Male 1.25 (0.95–1.64) 1.24 (0.90–1.72) 1.08 (0.65–1.81)

Alcohol intake

Never Ref Ref Ref

Ever 1.23 (1–1.5) 1.32 (1.06–1.65) 1.08 (0.55–2.09)

TNM stage 1.31 (1.23–1.40) 1.30 (1.21–1.39) 1.46 (1.26–1.68)

Histology

Adenocarcinoma Ref Ref Ref

Squamous cell carcinoma 1.01 (0.81–1.25) 0.89 (0.72–1.11) 2.57 (1.53–4.31)

Smoking status

Never Ref

Ever 1.13 (0.84–1.53)

TNM stage was treated as continuous variable, and values from 1 to 5 represents stage IA, IB, IIA, IIB, and IIIA. HR, hazard ratio; CI, 
confidence interval.

Table S2 Assessment of the integrated models for survival after lung cancer diagnosis, and the utility of protein measurements beyond clinical 
factors

Factors
C-index (95% CI)

All patients (N=986) Ever smokers (N=742) Never smoking (N=244)

Apparent C-index for clinical model 0.66 (0.64 to 0.68) 0.63 (0.61 to 0.66) 0.70 (0.64 to 0.75)

Apparent C-index for integrated model 0.68 (0.65 to 0.70) 0.65 (0.62 to 0.68) 0.74 (0.69 to 0.80)

Bootstrap C-index for clinical model 0.65 (0.61 to 0.70) 0.63 (0.57 to 0.68) 0.68 (0.56 to 0.80)

Bootstrap C-index for integrated model 0.67 (0.62 to 0.71) 0.64 (0.58 to 0.70) 0.72 (0.59 to 0.82)

Bootstrap C-index difference, median (95% CI) 0.02 (−0.01 to 0.04), P=0.20 0.02 (−0.02 to 0.04), P=0.20 0.03 (−0.06 to 0.10), P=0.28

Bootstrap C-indices were estimated by fitting the models in a random 80% of patients and validating in the remaining 20% of patients, 
with 1,000 random 80%/20% splits of the dataset.
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