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Supplementary Materials
Supplementary Methods 
Differential Expression Analysis
We employed a widely known RNA-seq analysis pipeline (Law et al. 2016) to perform univariate differential expression analysis. At its core, the pipeline utilizes a moderated t-test and linear models to identify deregulated quantities, adjusting for the variations of exogenous factors (e.g., batch effects), and over-under expressions due to technically biological laboratory effects. The pipeline is constituted of five successive steps (Supplementary Schema 1): (i) filtering of non-expressed microRNAs, (ii) within-sample normalisation (Robinson and Oshlack 2010) (iii) estimation of gene-specific mean-variance correlations (Law et al. 2014; Liu et al. 2015), (iv) linear modelling with Bayesian modelling of gene-wise variations (Ritchie et al. 2015), (v) multiple hypotheses testing correction.
  
We consider a microRNA as statistically differentially expressed (SDE) in discovery cohorts at 0.25 FDR level. The differential expression analysis results obtained in the discovery dataset (HUNT2, N=238) are validated in an external validation dataset (HUNT3, N=72).
[image: Et bilde som inneholder tekst, skjermbilde, Font, nummer

Automatisk generert beskrivelse]
Supplementary Schema 1. The five-step statistical modeling pipeline is considered for the current microRNA statistical analysis.
Filtering out lowly and non-expressed microRNAs: we require each microRNA to have 1 read count in at least 39 samples out of 238 in the discovery cohort and in at least 12 samples out 72 in the big validation Cohort (I).
Within sample normalisation: we apply the TMM method as presented in it original publication (Robinson et al. 2010; Robinson and Oshlack 2010).  

Estimation of gene-specific mean-variance correlations: the Voom framework (Liu et al. 2015) addresses the heteroscedasticity between the variance and mean expression present in (micro)RNA-seq data, accounting also for sample variabilities, by estimating gene and sample specific weights that are used in the subsequent linear modelling step. 

Linear modelling: the limma package (Ritchie et al. 2015) models log-transformed expressions values according to the experimental design and accounting for the voom sample and gene specific weights. Bayesian inference is further used for robustly estimate gene variances.

Multiple testing correction:  all p-values were adjusted with the Hochberg-Bonferroni procedure (Benjamini and Hochberg 1995).  
Validation Procedure
For each contrast, we aim at identifying statistically significant differentially expressed (DE) microRNA in the discovery cohort. Furthermore, we want to validate them in the external independent validation cohort. First, we identify DE microRNAs in the discovery cohort with false discovery rate (FDR) <0.25. Out of these groups, we keep only the DE microRNAs which have identical log fold change (logFC) sign in both discovery and validation cohort. We define this set of N microRNAs as candidate biomarkers. These candidate biomarkers are further filtered as follows:
	- AUC on discovery cohort >0.6
	- Restricted FDR on validation cohort <0.25. “Restricted” means that the FDR is computed only over the N p-values 
	of the candidate biomarkers
Only the candidate biomarkers that satisfy all these conditions are considered validated.


















































Supplementary Results
Staging Information
	Code
	Definition
	Stage definition

	0
	No invasion to the neighboring tissues or organs, no lymph nodes or organ metastasis. 
Metastasis in the same organ as the origin of the primary tumor. 
	Non-metastatic
Stage I-IIB

	1
	Lymph node metastasis in the same body section as the primary tumor.
	

	2
	Lymph node metastasis to a different body section than the primary tumor.
	Metastatic
Stage III-IV

	3
	Organ metastasis in the same body section as the primary tumor
	

	4
	Organ metastasis to a different body section than the primary tumor.
	



Supplementary Table 1. Metastasis codes of the Norwegian Cancer Registry with general definitions used from 01.01.1986. Code 0-1 is a surrogate for Stage I-IIB and Code 2-4 for Stage III-IV. Code 0 also may include few cases with metastasis in the same organ, but no other metastases. 

Descriptive Statistics on Clinical Data
We examine if there are any distributional differences in the clinical risk factors related to lung cancer development between discovery and validation cohorts (see Supplementary Fig. 1). According to Markaki et al. (2018) the clinical variables that are significantly associated with lung cancer development are gender, age, smoking habits (pack-years, smoking cut years, smoking status), and body mass index (BMI). The clinical variables that gauge the hours of exposure in a smoky room (SmoExpH) and the indication of cough daily (CougDy) on yearly basis have not been included in the descriptive analysis due to their absence in the validation cohort. Therefore, we conducted the Tukey’s and chi-square statistical tests for the continuous and binomial variables respectively.
The results showed statistically significant heterogeneity in 3 out of the 6 examined variables across the discovery and validation cohorts at 0.05 significance level (Supplementary Table 2).  Particularly, we observe that age is significantly different between cohorts, with the participants in the discovery dataset being five years older on average. There is also an unbalanced distribution in terms of gender, with 64.7% and 44.4% men in the discovery and validation cohort populations respectively.

	Multiple pairwise Tukey test

	Continuous trait
	     p-value
	95% CI
	statistic

	PartAg
	 0.000213
	[2.17 - 8.167]
	5.169

	SmoPackYrs
	0.101739
	[-0.42 -8.94]  
	4.259

	Smoking Cessation Years (SmoDyCesDu)
	0.047808
	[-0.362 - 4.816]
	2.22

	BMI
	        0.336068
	[-1.594 - 0.546]
	-0.524

	Chi-square statistical test

	Nominal  trait
	p-value
	statistic

	Sex
	0.0033
	8.629

	Smoking Exposure at  Childhood
	0.835
	0.0431


[bookmark: _heading=h.om9cs0pvv9f8]
Supplementary Table 2. Tukey’s and chi-square statistical tests for the continuous and binomial variables in discovery and validation dataset. P<0.05 for statistically significant differences among variables.
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Supplementary Table 3. Number of non-metastatic (“Non-met”; Stage I-IIB) and metastatic (“Met.”; Stage III-IV) cases across the different types of lung cancer under examination. Some cases were unclassifiable according to stage. 
UC =Unclassifiable cases.
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Supplementary Fig. 1 Descriptive statistics, per clinical factor, obtained from the discovery cohort. The smoking status refers to current (Yes) and former (No) smokers.

Time to diagnosis
No differences in terms of survival times (0.72 p-value, log rank test) are identified amongst lung cancer subtypes (AD, SCLC, SQ) in the discover cohort. Expected time to diagnosis was 4.87, 5.69, and 4.095 years for AD, SCLC, and SQ cases respectively (Supplementary Figure 2). Additionally, no indication of statistically significant differences was observed between the Kaplan Meier estimates in the validation cohort (0.59 p-value, log rank test) (Supplementary Figure 2), where the expected time to diagnosis was 1.01, 1.901, 1.16 years for AD, SQ, and SCLC subtypes. 
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Supplementary Fig. 2 Time to event (lung cancer diagnosis) in both discovery and validation cohort according to adenocarcinoma (AD), squamous cell carcinoma (SQ), and small cell lung cancer (SCLC) subtypes.
X-axis: years from serum sampling (time zero).
Y-axis: Proportion of undiagnosed (1 - proportion of diagnosed).
A. Discovery cohort. B. Validation cohort.



















Descriptive Statistics on Molecular Data
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Supplementary Fig. 3 The order of the normalized [2] log-cpm expression of the top 100 expressed microRNA in the discovery dataset (n = 238), and the corresponding expression of the common microRNAs in the validation dataset (n = 72). We observe visually a downward trend in the expressions amongst the microRNAs in the validation cohorts.
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Supplementary Fig. 4 Top 5 expressed microRNA in the discovery and validation dataset. The order is based on the median expression.
· 
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