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Original Article

Circulating immune response proteins predict the outcome
following disease progression of osimertinib treated epidermal
growth factor receptor-positive non-small cell lung cancer
patients
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Background: Lung cancer patients with sensitizing epidermal growth factor receptor (EGFR) mutations
treated with osimertinib will eventually develop progressive disease (PD). The survival following PD varies
greatly between patients, and no effective treatment strategy has been established. Furthermore, at the
moment, no easily accessible and precise biomarker exists that can predict the survival after PD.

Methods: We analyzed blood samples drawn from non-small cell lung cancer patients harboring EGFR
mutations that were treated with osimertinib. The levels of 92 circulating proteins were analyzed from
plasma samples using a proximity extension assay (PEA). The results were evaluated with Gene Ontology
(GO) enrichment analysis to reveal patterns of protein expression at progression while on osimertinib
treatment.

Results: We found that the expression of 7 proteins were significantly altered at PD, compared to a sample
taken at osimertinib response. GO enrichment analysis demonstrated that most of the significant proteins
were related to the immune system, specifically the adaptive immune response. Defining two groups of
patients, based on the levels of circulating immune response proteins at PD, revealed significant differences
in the overall survival (OS) after PD [hazard ratio (HR) =3.04; 95% confidence interval (CI): 1.24-7.45;
P=0.0046].

Conclusions: In this study, we discover novel circulating biomarkers that can predict the OS after PD
on osimertinib. These findings support the recent acknowledgement of the immune system’s importance in

osimertinib resistance.
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factor receptor (EGFR)
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Introduction

Lung cancer is one of the most frequent types of cancer
worldwide and the type of cancer that causes most deaths
1,2).

Ten to 15 percent of non-small cell lung cancer (NSCLC)
adenocarcinomas in Caucasians are caused by activating
mutations (e.g., EGFR-L§58R and EGFR-ex19 deletion)
in the ATP-binding pocket of the epidermal growth factor
receptor (EGFR) (3,4). These mutations drive the cancer
development (5), making it sensitive to EGFR-targeting
tyrosine kinase inhibitors (EGFR-TKI), which is a current
standard of care for these patients with advanced stage
cancer (6-8). Unfortunately, resistance toward the drugs
will develop over time, in most patients this is seen as the
T790M mutation for first/second generation EGFR-TKIs
(9-11). This resistance mutation has been overcome by the
new third generation EGFR-TKI, osimertinib, which is
currently the first line of treatment in many countries (12-14).
However, most patients eventually develop osimertinib
resistance as well (15). Compared to first/second generation
EGFR-TKI’s, in which EGFR mutations are the most
common form of resistance, osimertinib resistance can be
mediated by new EGFR mutations (e.g., EGFR-C797S) but
more commonly through bypass mutations, such as ERBB2
and MET amplifications, as well as PIK3CA, APC, NFI,
and BRAF mutations (16-18). Because of this, osimertinib-
resistant patients represent a genetically heterogeneous
group (19), highlighting the need for ways to monitor
tumor development in patients during their treatments.

Biomarkers found in the bloodstream, which portray
the molecular state of a specific cancer, have been used
for many years. Using cell-free DNA in liquid biopsies to
monitor known oncogenic drivers, such as EGFR, ALK, and
KRAS mutations, with quantitative real time polymerase
chain reaction (QPCR) and next-generation sequencing
(NGS) is an effective and acknowledged method in clinical
practice and is often used as a supplement to biopsies (20-22).
However, other types of biomarkers, such as circulating
proteins, could provide additional information and be easier
and cheaper to use in clinical practice.

Protein biomarkers in lung cancer have been investigated
for many years. Carcinoembryonic antigen (CEA) is a well-
known biomarker in lung cancer (23). Neuron specific
enolase (NSE) and pro gastrin releasing peptide (proGRP)
are biomarkers that have been suggested for small cell lung
cancer (SCLC) and could be important as biomarkers for
the resistance mechanism toward osimertinib, in which
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EGFR-positive NSCLC transforms to SCLC (24-27).

More specific and precise biomarkers, such as NSE
and proGRP that indicate specific resistance mechanisms,
would be of great value in clinical practice. Therefore,
we wanted to discover novel biomarkers by investigating
circulating proteins in the bloodstream at different times
during treatment of EGFR-mutated NSCLC patients
with osimertinib. Two time points in the patient’s course
of treatment were used for further analysis: the time
of response to osimertinib and the time of progressive
disease (PD). The response blood sample was chosen over
the baseline blood sample as we wanted to compare the
situation with and without effect of osimertinib. Plasma
samples from response and PD were analyzed using a
proximity extension assay (PEA), applying the Olink target
96 Oncology panel II. We present the following article in
accordance with the MDAR reporting checklist (available at
https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-
577/rc).

Methods
Patients

The patients included for this retrospective study’s
cohort were all enrolled in a prospective, observational,
multicenter study of advanced stage lung cancer patients,
with a verified EGFR mutation, during which blood samples
were taken consecutively during various treatment lines
(ID NCT02284633). The study was conducted at the
Department of Oncology, Aarhus University hospital,
and included patients from four oncology departments in
the western part of Denmark between August 2014 and
December 2018. The study was conducted according to
criteria’s set by the Declaration of Helsinki (as revised in
2013) and was approved by the National Committee on
Health Ethics (No. 1-10-72-83-14) and the Danish Data
Protection Agency (No. 1-16-02-431-14). All subjects
provided written informed consent before inclusion.
Eighty-five patients from the prospective study received
treatment with osimertinib, and, therefore, were available
for inclusion in this retrospective study. Patients included
were all treated with osimertinib as a first- or second-line of
treatment. All patients receiving osimertinib as second-line
of treatment received erlotinib as first-line of treatment.
Inclusion required that the patient responded to treatment
with osimertinib, followed by PD, and had blood samples
available. Response to treatment was based on the response
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evaluation criteria in solid tumors (RECIST), and PD was
either defined as RECIST, smaller than RECIST, and/
or as a clinical judgement by the patient’s physician (28).
The primary outcome of this study was to evaluate the OS
following PD on osimertinib. Progression free survival (PES)
was defined as the time from osimertinib start until PD. OS
was defined as the time from osimertinib start until death or
censoring of data, whereas OS after PD was defined as the
time from PD until death or censoring of data.

Data collection

Data regarding treatment and demographics before start
of treatment were extracted from the Aarhus Lung Cancer
database (AALCR). Data were updated from medical

records to the lung cancer database on January 3, 2022.

Blood samples

Peripheral blood was drawn from each patient approximately
every 4-6 weeks in 10 mL. EDTA tubes and centrifuged
within 6 h at 1,400 g for 15 min at room temperature. Plasma
was aliquoted and stored at -80 °C (29).

Two blood samples from each patient were selected: a
response blood sample and a progression blood sample.
A response blood sample was defined as a blood sample
taken from the patient after treatment with osimertinib was
initiated, and the patient showed response to the treatment
according to the RECIST criteria. More specifically, the
patient should have stable disease (SD), partial response
(PR) or complete response (CR) at the time of blood
withdrawal or a maximum of two months before or after the
scan. The progression sample was the blood sample taken
at the first PD during osimertinib treatment, identified by
the oncologist, or a blood sample taken a maximum of one
month before or after. If the sample was taken after the
scan, it was only applicable if no new treatment was initiated
in the meantime.

PEA

Response and PD plasma samples were analyzed using
PEAs at BioXpedia, Aarhus, Denmark, which is described
in detail in previous studies (30,31). In this study, we
applied the Target 96 Oncology II panel (Olink). This panel
is a high-throughput, multiplex immunoassay targeting
92 oncology-associated proteins. In brief, the technology
applies two oligonucleotide-conjugated antibodies for

© Translational Lung Cancer Research. All rights reserved.

each protein, which, upon binding to the target, allow
hybridization of the oligonucleotides. Addition of a DNA
polymerase amplifies a unique PCR reporter sequence,
which is detected using qQPCR (Fluidigm Biomark HD
system). Subsequently, the Cq-values are normalized to an
interplate control and converted to Normalized Protein
eXpression (NPX) units on a Log2 scale.

Gene Ontology (GO) enrichment analysis

GO enrichment analysis (32,33) was performed using the
topGO package (v. 2.49.0, https://topgo.bioinf.mpi-inf.
mpg.de/) (34). The analysis was performed in R version
4.2.1. Of the 92 proteins in the Target 96 Oncology II panel
(Olink), 91 were analyzed using the biological process (BP)
ontology database (SEZ6L was excluded because it was not
associated with any BP GO terms). The gene universe was
defined as the 91 proteins, and the significant genes were
defined as differentially expressed proteins at PD compared
to the response (two-tailed q<0.05). Significantly enriched
GO terms were defined as having a P<0.05 based on the
classic algorithm and Fisher exact test.

Patients were divided into groups based on their
summarized NPX (sNPX) values for proteins associated
with the GO terms “immune response” (GO:0006955) and
“adaptive immune response” (GO:0002250). sNPX values
are calculated by adding the NPX values for individual
proteins related to a specific GO term together for each
patient. Patients with sNPX values above the median for
all patients were classified as “high”, whereas patients with
sNPX below the median were classified as “low”.

Statistical analysis

Differences in protein levels at response compared to
PD were analyzed using the Wilcoxon signed-rank
test. To correct for multiple testing, false discovery rate
(FDR) adjustment (35) was performed where a two-tailed
g-value <0.05 were considered significant. The Kaplan-
Meier method including a log-rank test was used to study
the overall survival (OS) after PD. Data analyses were
performed in R v. 4.2.1, as well as GraphPad Prism v. 9.3.1.

Results
Patients

Twenty-six patients were included in the study, and
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85 patients-from the EGFR multicenter
study (ID NCT02284633), who received
treatment with osimertinib

17

> 8 patients received osimertinib as third line or more

77 patients

treatment period

Y

27 patients with no PD on osimertinib, or fluctuating response in the

e 4 patients died before first control

7 patients with no PD before death on treatment

8 patients with SD or PR in the follow up period

6 patients where side effects led to treatment stop

2 patients with fluctuation between SD/PR and PD for a longer period

50 patients

24 patients with lack of information

e For 20 patients, blood sampling was not sufficient
> o Response: BS max 2 months before or after

o PD: BS max 1 month before or after, but before change of treatment
e 4 patients with inadequate information in the database

26 patients included
for PEA analysis

Y

1 patient where analytical errors led to no data results

25 patients included
in data analysis

Figure 1 Inclusion and exclusion of patients in this study. EGFR, epidermal growth factor receptor; PD, progressive disease; SD, stable

disease; PR, partial response; BS, blood sample; PEA, proximity extension assay.

plasma samples were investigated with PEA analysis. The
inclusion of patients for the study is described in Figure 1.
Unfortunately, one patient’s blood sample was not of a
sufficient quality to be analyzed; therefore, only 25 patients
are included in the following results.

The patient’s demographics and characteristics at the start
of osimertinib treatment are based on high or low sNPX
values at PD for “Immune response” proteins (7able 1). There
was a predominance of women in the cohort (68%). At the
start of osimertinib treatment, the mean age was 64.1 years
(range, 28-82 years); the majority had disseminated disease
TxNxM1b (68%), no brain metastases (BM) (76%), were
former or current smokers (56%), with a PS score at 0 or 1
(60%), and a baseline comorbidity score of 0 (72%), based
on Charlson comorbidity index. Only one patient harbored
a rare EGFR mutation (S768I), while the rest had a common
EGFR mutation: dell9 (18 patients) or L858R (6 patients).

© Translational Lung Cancer Research. All rights reserved.

The T790M mutation was found in 76% of patients before
osimertinib was initiated, either in blood samples using
the Cobas EGFR V2 mutation test by Roche or in tumor
biopsies. Two patients received osimertinib as first-line of
therapy while the rest received osimertinib as second-line
of treatment. The majority of the patients had PD based on
RECIST (60%). A significant difference between smokers
versus nonsmokers was found in the low versus high group.
Patients in the high group had a higher proportion of
smokers (former and current), compared to the low group
who had a higher proportion of nonsmokers (never and
passive). Apart from this, there was no significant difference
in demographics between the groups.

Discovering differences in circulating proteins

Plasma samples from 25 patients were investigated for
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Table 1 The demographics of the patients included in this study

Demographics All patients (n=25) Low (n=12; 48%) High (n=13; 52%) P value
Gender, n [%)]

Female 17 [68] 7 [58] 10 [77]

Male 8[32] 5[42] 3[23] 0.4110
Age (years)

Mean age 64.1 62.9 65.1

<64.1, n [%] 11 [44] 6 [50] 5[38]

>64.1, n [%] 14 [56] 6 [50] 8 [62] 0.6951
TNM stage, n [%]

MO0 and M1A 8[32] 5[42] 3[23]

M1B 17 [68] 7 [58] 10 [77] 0.4110
Smoking status, n [%]

Never 11 [44] 8 [67] 3[23]

Former/current 14 [56] 4 [33] 10 [77] 0.0472
PS, n [%]

Oor1 15 [60] 9 [75] 6 [46]

2 or more 7 [28] 2[17] 5[39] 0.3358

Unknown 3[12] 18] 2 [15]
Comorbidity score at BL, n [%]

0 18[72] 9 [75] 9 [69]

1 or more 7 [28] 3 [25] 4 [31] >0.9999
EGFR mutation, n [%]

Common (del19, L858R) 24 [96] 12 [100] 12 [92]

Rare 11[4] 0 11[8] >0.9999
T790M status, n [%]

Yes 19 [76] 8 [67] 11 [85]

No 6 [24] 4[33] 2[15] 0.3782
BM, n [%]

Yes 6 [24] 2[17] 4[31]

No 19 [76] 10 [83] 9 [69] 0.6447
Line of therapy, n [%]

First-line 2 [8] 18] 18]

Second-line 23 [92] 11 [92] 12 [92] >0.9999
PD, n [%]

RECIST 15 [60] 6 [50] 9 [69]

Other 10 [40] 6 [50] 4[31] 0.4283

“Immune response” proteins median sNPX: 41.49. Patients with sNPX values above the median for all patients were classified as “high”,
whereas patients with sSNPX below the median were classified as “low”. All demographics, except for PD and comorbidities, are defined at
osimertinib start. Differences between groups are tested using Fisher’s exact test. TNM, tumor-node-metastasis; PS, performance status;
BL, baseline; EGFR, epidermal growth factor receptor; BM, brain metastases; PD, progressive disease; RECIST, response evaluation
criteria in solid tumors; sNPX, summarized Normalized Protein expression.

© Translational Lung Cancer Research. All rights reserved.
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circulating proteins using PEA. The plasma samples
taken at the time of positive treatment response (called
response sample, Table S1) were compared to the plasma
samples taken at disease progression (called PD sample,
Table S2), and the differences between the two samples
were determined. Figure 24 displays the seven proteins
that were differentially regulated at response compared
to PD samples. Just one of the seven proteins were
upregulated in progression samples, whereas six proteins
were downregulated (7zble 2). The patients were then
grouped based on the median difference between the
response and the PD blood sample for each of the seven
significant proteins (Figure 2B). Patients with a difference
in NECTIN4 levels below the group median (0.29)
demonstrated a longer OS following PD than the patients
above the median [hazard ratio (HR) =4.06; 95% confidence
interval (CI): 1.57-10.45; P=0.00033]. For the remainder
of the proteins, no difference was detected between the
groups. None of the differentially regulated proteins had a
significant impact on PFS (Figure S1).

Although not statistically significant, CEACAMS
had the highest Log2 fold change (Log2FC) (Log2FC
=1.55, equivalent to 2.93 increase in linear values). This is
supported by previous studies describing CEA as a marker
for tumor burden, associated with PFS and OS in lung
cancer (23,36). In this study, we find that a high level of
PEA measured CEACAMS in the response sample was
associated with a reduced PFS as well as OS (Figure S2).
However, the dynamic changes of CEACAMS did not
predict the outcome following PD. These findings validate
the PEA protocol as a way to study tumor dynamics in the
blood.

GO enrichment analysis

To better understand which processes were differently
expressed between response and progression samples, we
applied GO enrichment analysis to the PEA-measured
proteins. In total 3,423 BP GO terms were assigned to
91 of the 92 proteins in the Olink Target 96 Oncology
IT panel. Based on the significant proteins presented in
Figure 2 and Table 2, we found 31 significantly enriched
GO terms (P<0.05; Table S3), and the top 10 GO terms
are displayed in Figure 3. The figure displays how most of
the significant GO terms are associated with the immune
system. Therefore, we conclude that, during osimertinib
treatment, the patient’s immune system is altered from the
time of response to progression. The six proteins associated

© Translational Lung Cancer Research. All rights reserved.
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with the GO term immune response all showed a decrease
between the two samples (Zable 2, Table S3). These results
demonstrate that immune biomarkers are declining overall
at the time of PD compared to response.

Immune proteins at progression predicts OS after PD

To investigate if the combined protein concentration of
the immune proteins that were discovered in the GO
enrichment analysis could predict the patients’ OS after
PD, a survival analysis was performed between groups
with low and high sNPX. Proteins associated to the GO
term “Immune response” were chosen because this term
was associated to most proteins (CD27, CD70, CXLC13,
FASLG, ICOSLG, LY9, Table S3). A significant difference
between the high (median survival =442 days) and low
(median survival =193 days) groups was discovered (Figure 44,
HR =3.04; 95% CI: 1.24-7.45; P=0.0046). The course of
the disease is displayed for each patient after initiation of
osimertinib until the time of death or last follow-up (January
3, 2022) in Figure 4B. This demonstrates a similar blood
sampling, treatment, and follow-up for the two groups. A
significant difference was also found when only looking at
proteins related to the “Adaptive immune response” (CD27,
CD70, CXLC13, ICOSLG, LY9, Figure S3), which was the
GO term most significant in the GO enrichment analysis
(Figure 3). Patients with a low sNPX (median survival
=324 days) in relation to the adaptive immune response had
a significantly longer OS after PD, compared to patients
with high sNPX (median survival =193 days) at PD (HR
=2.72; 95% CI: 1.12-6.57; P=0.0146). This indicate that
patients with a low amount of circulating immune response
proteins in the blood at PD have a longer survival after
PD, compared with patients with a high. To investigate the
relevance of each protein in the “immune response” patients
were divided based on the level of the individual proteins
(Figure S4). These results demonstrated that only CXCL13
levels could significantly predict the patient’s outcome,
however with an inferior HR of 2.55 (95% CI: 1.06-6.31;
P=0.021), compared to the combined sNPX values (HR
=3.04). This indicates that a combined evaluation of
proteins related to the immune system is the strongest
predictor of the patient’s outcome following PD.

Discussion

In this study, we found that immune-related proteins are
differentially regulated in the blood taken from patients at
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Figure 2 Differentially regulated proteins at response versus PD. (A) The proteins are measured using PEA on plasma and analyzed with
a Wilcoxon signed-rank test. Labeled proteins with a q<0.05 were statistically significant. Cut-off lines drawn at q =0.05 and q =0.01. (B)
For each significant protein the 25 patients are divided into groups below or above the group median difference between the response and
progression sample. The OS following PD is estimated for each group and the difference between the groups was tested using a log-rank

test. PD, progressive disease; Log2FC, Log2 fold change; PEA, proximity extension assay; OS, overall survival.
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Table 2 Significantly differentially regulated proteins in response versus progression samples

Protein Log2FC Median at response (+ SE) Median at progression (+ SE) g-value
CcD27 -0.18 8.11 (+0.09) 7.93 (+0.09) 0.0167
CD70 -0.34 4.63 (+0.08) 4.29 (+0.09) 0.0149
CXCL13 -0.52 8.41 (+0.27) 7.88 (+0.29) 0.0310
FASLG -0.20 9.93 (+0.11) 9.73 (+0.09) 0.0330
ICOSLG -0.14 5.31 (+0.05) 5.18 (+0.04) 0.0167
LY9 -0.19 6.46 (+0.09) 6.26 (+0.09) 0.0167
NECTIN4 0.40 5.20 (+0.13) 5.60 (+0.19) 0.0167

Log2FC, Log?2 fold change; SE, standard error.
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Figure 3 GO enrichment analysis of differentially regulated proteins in PD samples compared to response samples. GO terms are ranked

according to the enrichment score [-log10 (P value)] and the size represents the number of genes associated to each GO term. Cut-off lines
drawn at P=0.05, P=0.01 and P=0.001. GO, Gene Ontology; PD, progressive disease.

the time of osimertinib response compared to at PD. By
defining two groups of patients based on sNPX values for
immune response proteins, we found that patients with a
lower amount of circulating immune response proteins at
PD had a significantly longer OS after PD.

"This study serves as a pilot study for the relation between
the immune system and osimertinib resistance and lacks
a suitable validation cohort to verify the findings. Future
research with a more homogenous cohort consisting
of first-line osimertinib treated patients could further
strengthen the hypotheses presented in this study. Although
this study identifies immune response-related proteins to be
of importance during osimertinib treatment it is most likely
that other protein pathways are also involved in osimertinib
resistance which could be identified using a larger protein
panel. Furthermore, future studies could address the causal
link and temporal relationship between immune-related
proteins in plasma and tumor progression on osimertinib.

© Translational Lung Cancer Research. All rights reserved.

Interestingly, this study demonstrates that patients with
high amount of immune response-related proteins are more
likely to have a smoking history compared to patients with a
low amount of immune response-related proteins (7able I).
This supports the idea of smoking affecting the immune
landscape of lung cancer patients (37) and future studies
is needed to evaluate the involvement of smoking and the
immune system at osimertinib progression.

Previous studies have found that the immune biomarkers
are associated with the response to EGFR-TKI treatment
(38,39). Recently, Gurule et a/. used RNA extracted from tissue
biopsies to demonstrate that, during the initial treatment,
interferon-gamma related genes are upregulated (38).
Furthermore, they found a positive correlation between
the level of interferon-gamma upregulation and the time-
to-progression, indicating that a strong innate immune
response is associated with favorable clinical response to
the treatment. Our findings add to this study by evaluating
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22 Maansson et al. Imnmune proteins predict outcome at osimertinib progression

A Overall survival following PD, all immune proteins
1.00 A
§ = Immune high
S 0.75 =+ Immune low
% Log-rank
° P=0.0046
> 0.50 -
5 :
3 |
o 0.25 A
o
0.00
T T T T T T
0 250 500 750 1000 1250
Days
Number at risk
13 4 0 0 0 0
- 12 8 4 2 2 1
B °o &
- o om Osimertinib
2 o o ——+ Response
g (0) Qo—l— OBS response
= o o—+ mPD
20 o+
IS o e—+ OBSPD
Em=o ° e + +Death
o E—
o ———
o o
— o o o+
mos——+
5 Oo e ot
) o) +
é OO o 1
e———+
ELS ° o
(e} [e] +
o o
T T T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600

Days

Figure 4 Proteins related to “Immune response” predict OS after PD. (A) OS after PD for patients with high or low levels of “Immune
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shown. PD, progressive disease; BS, blood sample; OS, overall survival; sNPX, summarized Normalized Protein eXpression.

the tumor dynamics at PD, rather than at the beginning of
TKI-treatment. In this study, we evaluate tumor dynamics
by analyzing the circulating proteins representing the
protein expression of all cells shedding to the bloodstream,
including tumor and immune cells, rather than RNA-seq on
tumor biopsies.

A previous study found that some patients have increased
programmed death-ligand 1 (PD-L1) expression at PD,
compared to baseline, when treated with osimertinib (39).
In the study by Isomoto et al., 27 patients were treated
with anti-programmed death 1 (anti-PD-1) antibodies
following their initial TKI treatment after PD. The patients
with a high PD-L1 expression at PD responded well to
the treatment. These results demonstrate that, in some
patients, PD could be the result of changes in the tumor
microenvironment inhibiting the antitumor immune

© Translational Lung Cancer Research. All rights reserved.

response. In this study, we found that patients with high
levels of circulating adaptive immune proteins had a shorter
OS following PD. Potentially, these patients represent
patients with increased PD-L1 expression induced by
EGFR-driven tumors (40,41) leading to PD, with an
exhausted immune system reducing the survival after PD.
This is supported by Dai et 4/. who demonstrated that
clear cell renal cell carcinoma patients with high levels of
intratumoral CD8*, CXCL13" T cells had inferior outcome
and had elevated CD8" T cell exhaustion markers (PD-1,
Tim-3, TIGIT) (42). Furthermore, exhausted CD39",
CD4" T cells have also demonstrated increased CXCL13
expression (43). Unfortunately, we were not able to obtain
information on the PD-LI status, or other biomarkers in
the tumor at PD for the patients in this study; however,
future studies could give more insights into this hypothesis.
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Combined, these studies indicate that some patients with
tumor progression on osimertinib could benefit from
immune checkpoint inhibitor therapy. This is currently
being investigated in combination with chemotherapy in
the KEYNOTE-789 and CheckMate722 phase III clinical
trials. Evaluating the immune-related proteins in plasma at
PD on osimertinib, could potentially help to stratify which
patients would benefit from immunotherapy.

One of the limitations of this study is the small number
of patients used in the survival analysis, where the group
median is necessary to distinguish the immune high and
low groups. Another limitation is the definition of PD for
the patients. It is a well-known problem that the RECIST
criteria are difficult to translate onto a heterogenic group of
patients, given that many factors in their course of disease
can affect the choice for further treatment. Additionally,
PD is a subjective decision made by the patient’s oncologist
based on radiologic scans and clinical assessments, which
can be different between oncologists (44,45). For most
patients, the PD was based on RECIST, but in some cases,
it was described as PD based on clinical assessment of
the patient. This variation in describing RECIST could
interfere with the results.

Furthermore, patients were often treated beyond
progression (Figure 4B). This is not uncommon, and treatment
beyond progression can be used to avoid a withdrawal tumor
flair (46,47). Treatment beyond progression is also seen in
cases where the patient has localized progression and receives
local radiation therapy in combination with EGFR-TKI,
which results in another durable period without progression
on the EGFR-TKI (48,49).

In many studies, baseline blood samples are used for
comparison of the patient’s oncological status with later
blood samples in the patient’s course of treatment. In this
study, we decided to introduce the use of a response blood
sample instead. Baseline blood samples are taken prior to
the first line of treatment, and most patients had already
been treated with erlotinib before osimertinib. Therefore,
we assumed other proteins not related to the ongoing
treatment would disturb the analysis.

Conclusions

Based on blood samples taken during osimertinib treatment
of EGFR-mutated NSCLC patients, we find that the level
of circulating immune proteins at PD can predict OS after
PD. These findings solidify the importance of the immune

© Translational Lung Cancer Research. All rights reserved.
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system in EGFR-TKI resistance and demonstrate the need
for future research to understand the interplay between
targeted therapies and the effectiveness of the immune
response.
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Supplementary

Table S1 Raw PEA data for all patients at response

Patient ID
Proteins
1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
TXLNA 8.45 3.10 348 6.20 554 422 427 787 419 426 467 465 3.85 425 3.68 4.74 478 445 369 396 320 435 521 438 5.02

VEGFA 11.56 10.27 10.61 10.86 11.31 10.40 10.73 11.10 9.85 10.06 10.98 10.36 10.54 10.21 10.54 10.35 12.02 9.94 10.53 10.39 10.57 10.34 10.28 10.20 10.77
CPE 423 415 433 3.64 393 4.11 420 4.88 437 422 3.82 3.89 4.10 4.42 470 452 459 429 454 460 4.15 479 456 4.05 4.11
KLK13 321 426 262 289 430 380 280 3.18 2.60 3.51 3.36 3.85 3.59 362 4.38 255 425 332 4.04 3.89 209 291 341 3.06 2.92
CEACAM1 8.84 855 851 8.88 884 856 864 882 852 850 888 864 857 866 880 886 9.01 875 873 9.01 874 8.73 855 870 8.87
MSLN 462 492 478 6.34 525 3.69 3.70 4.80 6.41 433 471 4.47 380 435 510 596 538 355 4.41 4.03 573 4.02 5.02 3.60 598
TNFSF13 9.17 8.67 9.78 9.62 10.09 9.42 968 9.50 8.95 9.39 9.89 950 9.75 925 9.88 954 9.60 9.00 9.40 9.66 9.41 8.79 9.53 8.59 9.84
EGF 10.74 4.43 4.88 6.26 6.44 497 6.80 9.63 6.23 563 6.18 427 728 6.15 4.16 6.84 9.13 6.33 573 543 538 7.98 5.78 6.47 6.03
TNFRSF6B 5.40 5.53 5.26 4.97 7.70 5.67 5.12 6.52 510 6.54 7.26 6.21 5.87 527 6.79 496 6.24 566 568 528 436 4.82 6.26 4.94 5.88
SDCH1 6.36 6.63 825 811 7.58 921 784 849 937 6.75 7.00 695 891 711 741 856 7.75 752 831 7.70 722 6.45 6.64 6.41 9.11
TGFBR2 722 764 833 801 868 746 802 732 716 7.77 843 7.67 745 755 815 753 8.07 732 817 794 735 757 8.02 7.12 6.56
IL6 230 3.16 3,53 2.77 535 406 359 4.02 337 3.08 336 4.03 4.04 271 457 287 418 325 3.71 529 262 213 3.31 3.23 3.65
CD48 720 768 698 6.18 7.88 6.78 7.26 7.57 6.67 731 7.87 7.43 700 746 787 753 795 735 7.62 826 6.82 7.12 7.16 7.18 7.11
SCAMP3  10.22 5.00 4.68 6.55 7.19 532 560 9.13 515 6.04 6.30 4.44 522 6.03 4.87 6.18 539 6.08 514 525 471 590 551 574 555
LY9 6.38 759 591 544 646 6.02 596 645 624 643 6.63 6.61 6.70 6.87 7.32 6.78 6.93 6.38 6.61 6.51 6.03 6.32 6.46 5.82 6.48
IFNGR1 737 7.01 740 742 749 726 722 713 6.95 7.05 7.46 7.12 697 695 731 723 716 6.87 720 739 7.00 7.09 725 6.69 6.87
ITGAV 461 491 436 484 490 440 460 493 454 474 497 468 450 484 492 503 510 498 494 527 472 499 498 441 4.80
TNFSF10 9.07 8.79 894 839 839 849 833 871 832 865 931 846 867 817 839 9.06 879 839 886 8.87 862 828 8.70 842 9.12

KLK11 5,01 535 571 506 554 582 538 519 466 523 578 504 593 497 550 545 6.17 524 524 535 518 500 5.15 5.34 5.31
GPC1 497 529 540 541 534 532 501 496 5.03 545 525 535 464 540 532 539 537 539 558 535 495 588 555 4.98 4.94
TFPI2 951 7.96 8.76 9.06 8.82 11.34 7.92 957 11.28 8.89 8.99 8.68 12.24 8.74 9.05 836 829 843 9.76 8.74 8.40 7.39 846 824 9.69
KLK8 591 6.27 6.41 6.01 6.83 442 6.31 574 554 641 631 590 578 575 586 6.15 6.77 6.46 6.25 6.16 553 6.38 5.73 6.25 5.37
KDR 796 7.81 796 855 7.73 802 806 7.88 7.76 7.77 834 7.69 787 804 7.84 828 820 8.07 816 829 811 7.86 8.02 8.38 7.97
LYPD3 6.38 6.80 6.13 563 6.66 6.28 6.26 6.90 6.32 6.44 6.48 6.66 6.41 6.51 6.82 6.76 6.65 6.38 599 6.95 6.20 6.35 6.86 6.60 5.60

PODXL 4.85 456 4.57 480 4.52 457 480 4.68 4.55 452 4.81 459 505 475 4.77 4.85 4.79 466 4.75 499 454 484 480 4.65 4.33
S100A4 6.556 5.77 629 482 595 447 655 6.78 5.01 543 6.54 6.19 593 6.76 6.00 6.19 6.27 6.45 6.28 6.52 6.07 6.64 6.85 5.86 6.06
IGF1R 543 458 513 529 509 475 492 491 424 486 492 465 500 470 521 512 550 475 4.89 500 4.93 4.76 4.95 465 4.85
ERBB2 532 544 510 541 544 597 535 534 545 525 564 513 550 522 547 549 596 561 545 556 537 545 549 492 537
ERBB3 9.01 8.76 8.67 9.07 895 876 876 9.10 854 865 9.32 877 882 891 869 9.04 944 883 873 921 898 885 881 8.70 9.33
KITLG 8.69 9.01 948 866 9.16 892 861 9.01 839 849 879 886 811 882 846 882 915 930 946 9.14 846 9.62 8.89 8.01 8.67
SPARC 9.70 9.45 952 961 9.70 950 979 977 938 9.66 9.95 940 980 956 947 9.56 10.01 9.42 10.06 9.82 9.69 9.75 9.58 9.63 9.45

GZMH 12.35 4.78 4.36 4.19 417 4.44 3.64 1227 589 391 561 483 6.55 591 6.16 559 493 500 554 582 3.78 493 568 4.30 8.05
TGFA 325 291 281 3.08 3.85 330 326 3.18 290 293 355 323 354 278 355 3.06 3.31 266 3.11 3.18 3.34 293 3.05 2.88 3.58
FURIN 787 6.88 7.02 7.39 821 691 713 819 7.08 7.08 7.87 7.73 771 753 7.06 7.16 816 7.18 7.86 7.09 7.44 6.45 7.03 6.91 7.95
CCN1 6.55 512 519 7.13 499 6.39 543 6.84 6.40 599 6.36 586 803 555 565 6.95 6.73 620 6.64 6.03 6.81 581 6.51 5.60 7.56
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Table S1 (Continued)

Patient ID
Proteins
1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
KLK14 569 510 532 545 597 551 504 631 6.01 592 581 551 578 6.38 566 5.88 557 547 577 6.11 6.26 592 6.10 6.19 6.36
FADD 452 024 024 116 131 036 020 377 032 046 0.87 0.07 044 038 -0.03 1.04 075 0.61 0.31 0.36 0.06 0.48 0.51 0.02 0.55

METAP2 761 476 4.67 6.26 585 512 533 7.54 478 557 524 441 508 493 453 565 556 536 4.69 4.67 4.01 537 540 447 545
NECTIN4 484 519 530 6.27 6.11 6.37 535 490 531 509 540 475 590 4.84 504 503 7.40 524 515 500 4.62 520 521 456 5.41
FASLG 11.00 995 9.81 975 986 9.39 9.97 10.25 9.09 10.23 11.07 9.62 10.33 9.80 10.08 9.89 9.40 9.76 10.46 10.65 9.38 9.09 10.63 10.41 9.93
EPHA2 3.76 429 4.07 384 471 429 3.88 3.81 3.63 432 421 4.06 390 357 464 375 443 344 425 432 328 322 431 331 3.66
ITGB5 955 8.17 7.81 829 822 767 796 878 7.57 814 823 801 774 805 820 829 833 799 810 814 799 8.16 821 7.15 8.16
LGALS1 818 7.40 767 767 788 721 752 802 692 754 790 735 769 754 768 741 771 745 7.48 769 7.42 733 7.83 7.28 7.42
SEZ6L 6.13 552 574 586 531 560 547 6.08 537 548 6.04 577 571 576 587 6.10 6.05 520 580 594 572 6.07 6.09 548 584
GPNMB 6.24 6.04 6.06 6.02 6.32 598 596 6.03 523 6.23 6.29 6.21 599 583 6.24 6.22 6.42 6.00 6.13 6.31 6.02 6.12 6.35 5.77 5.99

CA9 485 565 510 490 594 542 535 566 529 523 589 522 512 585 6.28 4.85 6.61 557 524 563 565 523 563 4.41 5.05
MIA 10.83 10.54 10.52 10.45 10.16 10.34 10.45 10.79 9.79 10.22 10.64 10.02 10.17 10.38 10.34 10.24 11.00 10.49 10.56 10.52 10.75 10.64 10.50 10.39 10.18
CTSV 174 185 205 172 106 123 180 260 171 186 196 184 210 189 228 156 232 245 351 321 132 235 232 3.06 2.09
CcDh27 789 7.64 805 7.78 927 832 812 847 8.06 824 876 811 823 802 892 845 895 806 838 821 801 815 7.99 7.87 7.59

XPNPEP2 891 9.33 6.81 8.82 7.49 974 7.07 10.06 9.73 7.44 948 7.66 9.62 920 8.17 9.73 10.05 929 9.72 9.94 9.69 9.34 9.68 9.50 9.81
ERBB4 10.83 10.70 10.63 10.85 10.83 10.38 11.11 11.41 10.69 10.51 10.86 10.83 10.05 10.91 10.67 11.02 11.22 10.97 10.63 11.44 11.06 10.75 11.09 10.53 11.26
HGF 9.45 891 882 891 9.80 12.15 9.09 9.72 1148 8.48 9.13 9.30 12.76 8.44 943 865 896 851 862 851 886 832 879 8.22 8.85
ADAMS 593 6.23 530 586 6.36 6.43 583 6.31 450 595 6.76 572 6.25 6.02 6.88 6.04 6.69 595 6.14 6.26 564 537 6.41 576 577
NT5E 12.37 10.35 10.38 11.16 10.31 11.48 10.07 11.84 9.98 11.46 12.15 10.32 10.08 10.17 12.05 11.08 10.04 9.70 11.45 10.66 9.86 9.92 10.61 10.50 10.25
CDKN1A 8.80 4.17 394 6.34 6.65 520 466 8.81 4.82 497 584 329 403 513 3.77 581 517 6.18 531 532 390 501 5.04 4.96 5.48

DLL1 12.05 12.11 12.00 12.08 12.59 11.98 12.11 12.27 11.42 12.02 12.56 11.86 11.89 11.91 12.33 12.01 12.53 11.91 12.31 12.41 11.83 12.07 12.11 11.75 11.47
MDK 9.05 755 826 7.95 843 996 821 886 10.35 8.46 8.06 8.04 9.78 8.05 866 847 927 792 831 856 7.91 7.76 847 7.85 8.32
ABL1 8,57 3.77 3.89 523 539 426 413 7.96 3.78 438 491 3.68 436 4.08 413 459 435 426 4.04 415 3.66 4.09 4.16 3.92 4.57

FGFBP1 575 538 4.85 6.05 581 997 590 558 10.35 5.06 5.08 554 973 536 570 561 594 568 509 523 549 563 546 5.53 5.83

TLR3 477 324 424 510 559 494 490 532 432 521 535 425 343 438 483 459 519 330 4.51 4.63 320 345 518 4.07 5.09
LYN 555 3.99 345 494 473 410 420 566 3.63 4.28 450 3.32 3.64 3.72 345 459 419 4.04 4.00 3.60 329 441 3.65 3.75 3.87
RET 320 4.22 3.09 392 521 453 435 470 3.94 449 573 479 383 492 464 495 480 598 6.11 528 420 512 523 556 2.75
ViIM 9.67 216 270 3.66 3.57 297 3.76 9.26 287 342 353 264 185 296 3.56 3.85 3.05 2.81 299 247 3.19 254 3.20 3.45 3.81

TNFRSF19 5.75 6.35 6.54 6.51 6.90 6.41 6.177 593 546 6.22 6.87 575 6.04 588 6.83 568 6.53 596 6.30 6.42 579 6.20 6.65 5.89 5.25

CRNN 6.41 552 6.54 6.58 6.14 456 563 530 4.43 501 592 627 534 6.72 498 560 6.75 656 6.32 6.11 720 4.73 542 6.87 7.17
TCL1A 8.44 351 4.06 267 417 435 6.44 10.57 4.81 432 410 222 422 399 650 296 248 512 472 3.62 529 539 528 476 5.39
CD160 563 598 498 455 598 580 4.83 531 4.06 517 6.70 537 516 497 6.09 538 514 505 530 5.67 453 448 516 517 4.55

TNFRSF4 6.09 6.43 6.92 6.24 818 6.87 691 729 585 742 838 6.84 6.75 651 749 711 720 6.76 826 7.41 592 6.11 7.16 6.48 5.50
MICB 6.43 535 555 142 539 489 576 562 129 565 561 628 6.31 535 6.28 580 547 590 510 561 148 557 584 1.32 5.60
CCN4 6.06 6.40 6.95 7.09 7.70 6.85 6.59 6.62 6.47 695 7.23 6.46 722 595 727 649 743 6.01 6.89 6.88 594 575 7.12 6.06 6.03
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Patient ID

Proteins
1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

CXCL17 517 6.02 551 6.41 829 6.29 6.24 7.06 7.08 6.20 6.55 6.77 7.15 7.08 7.36 7.05 840 592 6.93 574 6.50 592 6.45 4.83 7.44
PPY 8.38 12.09 11.26 9.35 13.05 9.38 11.90 11.01 10.37 9.61 11.57 10.19 10.99 11.18 7.58 11.48 11.38 10.65 9.51 12.01 12.44 11.50 11.85 9.35 12.16
S100A11 498 297 3.14 3.84 375 337 359 472 313 3.10 3.62 325 3.67 3.63 332 3.63 4.02 3.12 3.33 354 323 3.16 3.32 3.10 3.66

AREG 410 3.56 3.45 4.85 4.02 275 3.37 292 3.61 2.83 3.71 342 370 247 3.93 342 4.02 266 3.06 3.34 332 3.09 2.76 3.47 4.67
ESM1 10.62 10.69 11.43 11.34 10.47 12.25 11.12 11.68 12.30 11.24 10.76 10.77 11.71 10.68 11.58 10.68 10.78 10.68 11.31 11.52 10.91 10.16 11.64 11.04 10.86
CD207 3.75 4.04 3.08 208 382 375 3.78 3.83 3.18 3.57 392 398 340 384 343 351 3.70 3.32 3.78 3.84 297 4.08 4.43 430 3.79

ICOSLG 539 539 522 531 560 532 516 5.12 500 531 572 519 5.06 5.11 562 556 567 520 535 570 5.09 540 557 5.19 5.01

WFDC2 7.67 751 7.85 843 852 812 7.78 759 823 742 803 7.10 846 7.36 7.82 812 898 7.60 7.68 731 761 726 7.80 7.26 8.11

CXCL13 10.65 7.75 7.86 12.34 8.69 833 7.53 957 9.02 879 841 7.75 809 724 940 835 8.08 7.45 862 869 9.15 6.75 8.44 7.86 11.92
SMAD5 559 4.88 4.84 482 488 469 479 516 4.80 4.78 491 492 458 477 473 501 494 485 4.83 501 486 4.81 489 471 484
ADAMTS15 4.72 4.65 4.86 4.95 6.05 571 501 501 481 481 6.36 4.87 493 490 563 486 537 492 561 571 512 4.88 524 540 4.92
CD70 428 4.63 454 435 517 449 461 515 421 442 522 464 482 485 514 478 491 3.61 458 494 442 405 474 425 465
RSPO3 6.29 6.27 6.65 6.51 6.90 930 6.64 6.26 7.50 6.48 7.06 6.73 9.52 6.41 722 6.80 7.12 589 6.27 6.70 6.57 6.31 6.80 6.06 7.30
FOLR3 7.03 12.03 6.47 6.33 7.39 6.94 7.07 7.05 633 6.90 1225 6.78 6.73 6.65 7.28 6.91 7.00 6.73 7.01 1237 6.47 6.61 7.11 6.76 6.14
CEACAMS 541 6.77 317 447 417 7.80 859 292 470 414 269 6.31 770 278 599 325 802 599 835 795 236 2.83 3.41 4.41 541

FLT4 751 723 6.99 734 716 743 742 699 7.02 7.06 755 7.08 751 724 735 738 7.44 741 748 7.72 731 724 757 752 6.39
MUC16 210 3.64 3.13 3.10 226 567 462 3.65 293 149 267 284 200 243 287 361 6.02 278 422 394 240 082 187 261 536
WIF1 540 593 6.17 629 580 546 541 724 546 6.41 591 576 543 558 578 567 6.89 572 6.73 7.78 566 590 6.09 582 5.41

GZMB 11.68 3.53 556 4.64 535 445 495 11.48 411 440 537 412 478 471 585 441 432 447 413 476 430 412 490 4.31 6.98
FCRLB 256 3.81 141 253 3.06 3.16 2.16 241 288 3.00 297 382 267 3.01 29 310 331 167 275 223 138 215 1.73 2.70 1.94
ANXA1 6.76 2.80 3.40 4.16 3.88 3.09 356 5.76 3.23 3.01 3.65 3.15 340 3.70 351 3.10 3.37 3.12 3.12 267 3.80 3.35 3.32 2.38 4.36
FOLR1 9.66 9.04 9.41 10.00 9.87 11.44 9.22 9.54 10.07 9.37 9.49 9.03 9.76 9.28 9.65 10.00 10.95 9.02 9.22 9.68 9.36 9.24 945 8.71 10.07

PEA, proximity extension assay.

Table S2 Raw PEA data for all patients at progression

Patient ID
Proteins
1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
TXLNA 3.89 4.02 4.48 527 468 423 339 595 4.06 534 392 486 6.37 524 573 473 576 351 4.07 590 387 1.73 7.00 3.16 6.34

VEGFA 10.16 10.58 11.22 11.70 11.10 10.61 10.46 10.37 10.07 10.81 10.97 10.61 11.14 10.30 10.25 10.03 11.86 9.98 10.28 11.04 9.89 9.55 10.81 10.18 10.92
CPE 391 360 480 3.63 4.13 3.87 399 447 458 3.76 3.58 4.15 4.05 4.05 4.04 448 485 4.08 431 3.79 4.00 4.00 4.68 4.13 4.01
KLK13 3.57 410 3.72 3.61 3.47 330 3.02 256 293 3.12 3.34 435 285 3.66 3.49 279 3.73 326 4.14 429 220 279 3.02 3.05 2.82
CEACAM1 861 852 8.86 891 873 867 8.04 868 875 861 887 7.95 878 858 887 880 895 855 893 855 879 819 8.73 8.62 8.93
MSLN 443 522 432 756 536 3.73 3.47 449 6.86 496 476 4.36 3.83 4.54 502 4.16 550 3.65 4.07 420 454 4.03 535 3.65 4.38
TNFSF13 8.67 9.25 10.11 10.16 9.756 9.15 9.65 945 9.03 9.77 9.68 9.83 9.83 9.37 9.88 9.31 965 8.78 9.45 972 9.01 7.87 9.67 8.78 9.83
EGF 582 552 6.15 490 4.67 5.07 490 822 511 6.87 559 550 997 791 7.00 7.02 886 4.74 582 6.75 492 455 8.82 5.78 9.00
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Patient ID

Proteins
1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

TNFRSF6B 5.08 5.74 599 6.14 6.75 5.73 514 561 5.18 6.01 6.86 6.64 584 525 536 4.46 6.95 540 5.06 6.24 3.90 4.31 587 422 4.73
SDCH1 6.08 7.38 7.77 986 7.45 9.75 813 823 892 8.03 834 896 929 6.94 655 6.86 851 7.37 937 941 6.47 6.06 6.64 6.32 8.20
TGFBR2 712 755 864 827 857 749 779 715 7.41 7.60 800 7.69 758 7.38 7.83 7.42 829 714 754 793 726 715 7.94 6.82 6.83
IL6 1.82 454 465 563 450 452 341 346 324 452 457 408 398 260 329 270 458 337 352 6.26 2.62 155 3.69 249 223
CD48 6.99 759 735 6.41 765 6.74 7.00 728 6.73 6.81 717 729 718 7.45 7.46 7.12 807 710 726 8.01 6.97 6.49 717 712 6.91
SCAMP3 553 553 6.32 6.66 6.32 553 4.81 787 494 715 594 585 6.87 6.96 6.73 6.20 6.52 5.08 554 793 6.03 3.07 826 420 7.71
LY9 6.29 713 6.08 570 6.55 573 569 626 6.11 572 560 648 6.63 6.81 6.83 6.35 6.89 6.15 6.33 6.33 6.17 5.68 6.51 5.69 6.16
IFNGR1 710 697 758 756 738 720 720 695 718 718 727 7.09 7.01 6.92 737 7.06 744 6.70 738 7.31 6.90 6.48 7.26 6.72 7.10
ITGAV 437 432 475 435 486 4.43 471 496 471 475 480 4.74 450 4.77 446 497 5.09 479 464 501 482 468 498 4.73 4.76
TNFSF10 8.61 873 885 862 876 819 837 866 811 888 9.03 873 858 830 869 892 866 825 859 888 832 7.90 8.68 8.09 9.02

KLK11 514 530 6.26 551 557 559 527 539 502 493 538 525 6.48 4.97 514 561 6.63 512 493 548 501 461 516 516 5.64
GPC1 499 485 591 529 553 513 5.09 509 519 548 5.07 6.13 457 523 501 554 549 521 538 540 510 528 556 5.09 4.88
TFPI2 8.17 9.06 9.06 10.71 8.89 8.68 7.68 8.82 10.31 10.20 9.60 9.28 9.41 8.89 8.21 8.43 8.37 9.31 894 10.03 8.08 6.70 8.51 8.00 9.47
KLK8 6.04 6.01 7.04 556 6.32 423 6.15 556 558 6.17 6.03 6.14 6.00 572 493 6.50 7.06 6.08 5.63 6.67 574 6.17 554 6.25 5.59
KDR 782 7.67 810 851 777 797 792 777 810 790 810 7.62 802 7.86 7.94 809 811 792 819 793 801 7.33 810 826 8.03
LYPD3 6.45 6.61 6.62 530 6.48 6.43 6.46 6.72 6.58 6.52 6.08 6.86 6.59 6.45 6.61 6.52 6.71 6.16 6.06 7.06 6.50 5.92 6.78 6.61 5.56
PODXL 4.85 4.41 490 4.88 453 4.85 4.86 4.86 4.66 4.80 4.39 555 530 4.64 4.80 4.73 5.08 4.42 4.61 494 456 4.28 4.78 4.65 4.44

S100A4 592 581 7.07 642 6.38 434 6.63 6.67 522 530 573 6.97 6.44 6.52 557 6.69 578 6.15 555 6.54 6.49 556 6.86 6.51 6.07

IGF1R 5.09 471 549 6.07 519 4.65 505 490 455 493 478 505 492 487 524 502 567 464 501 533 482 436 521 458 4.81
ERBB2 594 5.00 528 529 536 574 553 568 599 582 540 562 577 512 527 535 6.14 548 540 5.67 540 511 557 518 5.49
ERBB3 8.93 862 899 946 897 879 860 9.04 890 9.00 923 870 895 885 886 888 945 871 878 9.11 875 849 9.08 875 9.20
KITLG 9.07 917 9.63 830 9.08 898 9.13 865 9.12 912 9.15 9.03 789 882 848 894 9.00 919 8.74 887 893 924 894 790 09.04
SPARC 894 919 979 914 946 946 9.80 9.72 937 9.82 9.69 10.08 9.93 9.73 9.72 9.57 10.00 9.19 9.90 9.71 923 9.30 9.64 9.78 9.79
GZMH 546 6.01 481 6.25 3.97 3.60 325 793 485 3.70 451 519 7.07 6.57 655 540 498 428 544 502 332 447 11.34 6.12 6.62
TGFA 2.85 3.18 3.47 392 355 345 3.07 286 284 3.69 353 3.85 4.07 291 3.61 287 347 279 329 384 276 4.15 3.16 2.70 3.41
FURIN 724 698 730 7.04 777 7A7 740 777 7.48 782 7.63 7.81 820 7.42 7.06 6.87 7.72 724 768 7.42 6.85 586 7.58 6.76 7.22
CCN1 6.07 513 6.29 7.60 598 4.72 539 6.63 6.50 6.48 5.83 6.06 6.70 575 6.47 6.71 6.93 6.64 6.47 6.42 6.17 421 6.54 569 6.75
KLK14 554 512 6.20 508 588 6.27 466 562 579 580 540 549 556 6.43 479 6.01 563 544 558 581 6.12 510 596 6.34 6.24
FADD 0.42 047 078 121 0.73 053 -0.11 224 0.09 1.07 033 023 177 128 133 093 151 0.14 058 124 025 -0.53 2.11 -0.03 1.66

METAP2 462 5.02 5.06 552 490 4.86 4.38 6.67 422 6.68 432 490 7.00 590 6.31 574 6.40 4.92 493 6.10 4.81 283 7.16 3.84 6.60
NECTIN4 515 517 6.18 754 6.15 6.66 555 6.04 560 6.81 560 6.90 6.68 5.05 4.84 501 794 531 581 6.83 449 483 507 450 5.84
FASLG 10.44 9.68 10.05 9.84 9.85 959 9.76 9.73 9.17 9.36 10.17 9.59 10.75 9.80 9.83 9.59 9.27 945 9.71 10.14 9.29 8.84 10.61 10.29 9.64
EPHA2 3.47 3.94 4.49 457 451 3.87 3.81 345 3.68 476 410 6.53 421 354 4.00 358 4.88 3.39 390 555 321 2.84 416 3.33 3.52
ITGB5 787 7.84 807 774 801 7.63 801 836 7.95 820 811 824 787 795 7.81 831 846 7.63 7.94 811 808 7.63 852 7.57 8.03
LGALS1 737 722 794 790 7.80 7.06 7.41 766 726 756 7.67 7.60 7.88 7.47 795 745 761 728 7.06 7.74 735 6.15 8.12 6.99 7.60
SEZ6L 6.06 523 6.86 5.77 560 556 536 6.21 557 562 578 571 563 563 579 6.07 656 5.03 6.68 553 565 552 6.07 550 5.95
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Proteins
1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

GPNMB 6.03 6.03 586 585 6.34 593 597 6.07 537 626 588 626 6.02 578 6.15 6.17 6.41 588 6.14 6.28 6.10 576 6.40 5.89 6.09

CA9 599 513 7.68 515 6.32 520 547 6.66 564 7.38 543 559 509 593 537 491 7.17 548 573 6.08 519 476 582 5.03 5.38
MIA 10.80 10.42 10.79 10.56 10.33 10.37 10.45 10.61 10.09 10.30 10.39 10.24 10.10 10.37 10.06 10.43 11.05 10.31 10.21 10.33 10.75 10.20 10.66 10.25 10.39
CTSV 133 1.10 3825 1.77 150 1.07 1.87 253 227 208 156 1.71 2.09 165 2.18 1.87 240 241 277 260 1.08 1.12 234 3.33 233
CcDh27 7.73 759 824 844 9.08 8206 791 776 791 7.73 7.99 809 822 7.94 829 793 9.04 7.78 796 811 792 759 7.84 735 7.16

XPNPEP2 886 892 7.10 869 7.63 9.66 7.05 998 9.77 7.49 875 7.75 945 9.01 791 956 9.89 9.04 9.74 940 9.78 9.00 9.91 934 991
ERBB4 10.58 10.54 10.99 10.87 10.92 10.35 11.07 11.36 11.41 10.49 10.41 10.75 10.11 10.90 10.72 10.89 11.26 10.87 10.82 11.18 11.03 10.40 11.37 10.62 10.98
HGF 8.45 859 9.19 962 9.66 8.82 940 9.28 11.09 9.24 897 938 9.87 848 899 851 9.19 857 837 873 842 7.37 898 828 9.17
ADAMS 538 6.038 6.06 6.54 6.07 6.37 590 6.15 4.73 596 584 6.06 6.66 6.04 6.27 583 7.13 579 556 6.81 557 498 6.27 551 549
NT5E 12.09 9.86 11.09 11.30 10.37 10.62 10.23 11.98 10.19 10.90 11.54 10.45 9.69 10.79 11.13 10.18 10.48 9.87 10.88 11.14 10.65 9.76 10.57 10.15 11.00

CDKN1A 4.08 516 4.86 540 5.72 520 3.68 7.90 491 534 470 430 6.31 6.20 6.84 595 6.35 453 4.98 7.08 553 222 725 296 7.15

DLL1 11.84 12.15 12.29 12.28 12.63 11.89 12.01 12.01 11.80 12.01 12.20 11.93 11.98 11.95 12.02 11.75 12.81 11.83 12.09 12.53 11.61 11.64 12.17 11.49 11.09
MDK 8.04 7.66 9.02 860 851 925 7.83 8.86 10.38 7.58 7.29 851 9.07 832 854 856 9.16 8.15 829 8.89 795 6.37 872 7.93 9.97
ABL1 4.05 3.79 464 536 4.75 398 340 6.11 3.90 531 424 405 575 4.80 539 458 522 3.82 3.84 542 392 279 6.56 3.35 6.09

FGFBP1 5,64 553 561 581 567 839 589 502 1020 512 554 587 768 540 508 558 6.55 547 521 554 552 540 555 541 9.85

TLR3 279 260 429 522 566 4.82 476 4.67 4.78 536 456 4.09 3.19 442 468 422 526 298 3.99 433 3.38 3.08 521 4.07 5.01
LYN 3.88 4.08 3.86 4.59 426 3.78 3.32 532 349 466 395 3.82 509 470 525 4.48 4.81 324 3.73 527 395 211 4.87 279 5.16
RET 273 3.34 4.16 4.04 5.07 431 480 472 479 3.47 415 426 3.84 494 377 481 473 563 4.60 492 473 4.67 4.87 4.88 3.23
ViIM 230 248 217 428 3.01 270 228 489 275 326 296 240 4.70 343 522 394 269 266 3.34 444 321 216 8.95 3.49 4.32

TNFRSF19 554 6.21 7.13 7.58 6.91 599 592 556 565 6.21 6.10 6.70 6.40 592 6.49 579 7.13 578 523 6.56 567 599 6.54 546 5.65

CRNN 6.13 592 724 579 6.37 442 568 466 4.75 421 529 6.11 515 6.42 575 597 6.80 6.37 581 587 6.88 4.06 586 7.09 6.98
TCL1A 1.44 280 4.44 445 441 457 584 739 439 545 451 209 516 4.67 6.67 273 233 434 403 271 516 453 933 583 4.90
CD160 534 599 549 503 585 569 4.69 504 399 436 560 521 501 519 545 5.04 538 4.84 434 552 4.47 4.08 510 4.78 4.60

TNFRSF4 579 615 7.30 7.38 7.64 6.79 6.77 6.61 593 6.57 6.43 6.78 6.98 6.36 597 6.57 7.74 6.55 599 7.44 6.29 530 6.78 6.02 5.10
MICB 6.01 544 584 197 533 4.89 564 549 134 6.47 513 6.42 6.51 531 573 550 6.21 588 4.74 6.15 149 478 592 1.08 5.50
CCN4 577 631 7.06 7.36 7.45 6.46 6.62 6.14 652 690 6.44 732 7.63 584 6.43 6.47 7.78 6.00 651 7.04 582 534 6.80 5.86 5.99
CXCL17 557 6.04 6.41 8.06 8.15 6.42 6.41 695 748 6.84 6.00 785 6.95 7.04 6.68 6.33 849 6.01 628 6.83 6.21 4.71 6.72 4.65 7.36
PPY 8.84 12.58 11.44 10.76 12.77 8.99 12.30 10.67 11.06 9.33 10.76 11.22 12.77 10.60 8.16 10.66 12.51 11.48 8.52 9.78 12.99 11.75 12.70 9.76 10.96
S100A11 274 294 371 491 4.01 317 358 3.81 3.18 4.30 323 4.74 464 3.67 3.12 3.19 466 3.60 3.21 4.60 3.07 2.66 4.38 3.23 3.49

AREG 3.71 4.04 3.64 528 4.01 274 323 251 333 4.10 4.67 374 3.73 274 433 297 470 298 413 562 237 271 3.12 245 3.84
ESM1 9.95 11.20 11.44 11.49 10.49 11.79 10.83 11.57 12.15 11.79 10.81 11.45 11.19 10.70 11.04 10.55 11.08 10.78 10.91 11.07 10.70 9.71 11.84 11.24 11.90
CD207 3.63 3.30 3.82 3.89 3.79 3.68 3.72 4.05 3.40 3.63 320 399 3.11 412 295 3.62 358 3.33 294 3.86 3.62 3.69 4.40 4.15 3.19

ICOSLG 529 5.09 517 546 539 522 515 512 510 526 519 518 496 5.05 531 533 564 490 508 540 4.99 477 546 5.14 5.20
WFDC2 787 7.92 865 894 849 866 791 808 824 857 7.84 811 865 7.63 7.87 7.76 888 7.90 7.73 768 721 6.91 7.86 6.59 7.98
CXCL13 10.23 10.60 7.82 10.43 7.87 825 7.03 800 882 7.73 846 733 7.88 6.80 9.40 690 7.54 7.37 1037 846 7.03 545 8.34 7.45 11.90

Table S2 (Continued)

© Translational Lung Cancer Research. All rights reserved. https://dx.doi.org/10.21037/tlcr-22-577



Table S2 (Continued)

Patient ID

Proteins
1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

SMAD5 470 4.83 4.87 456 4.81 4.89 4.84 4.86 4.82 479 4.80 4.79 5.00 4.75 496 4.86 4.79 4.65 492 491 475 422 5.08 4.74 5.03

ADAMTS15 5.06 4.46 5.25 5.07 6.01 4.89 5.03 485 507 425 568 454 496 4.74 549 456 579 483 468 523 466 320 520 519 5.06

CD70 444 449 423 453 505 3.80 4.62 461 355 3.75 422 457 473 459 413 457 504 3.62 418 430 4.10 3.63 4.79 3.93 4.26
RSPO3 6.21 6.05 719 803 7.04 596 6.35 641 717 6.12 653 7.09 624 6.31 7.42 6.84 697 582 573 6.63 6.17 596 7.05 6.01 6.87
FOLR3 6.65 12.05 6.81 6.20 7.25 6.80 6.80 6.80 6.50 6.57 12.35 6.90 6.82 6.76 6.90 6.98 7.19 6.70 6.68 12.33 6.88 6.10 7.21 6.74 6.41

CEACAM5  7.05 6.25 6.69 5.03 584 7.72 839 6.69 567 7.18 294 826 7.86 235 574 269 823 6.38 868 805 260 244 540 5.08 6.12
FLT4 729 729 696 745 726 755 734 688 741 714 726 713 759 7.04 705 7.04 763 724 737 761 718 6.36 7.71 7.34 6.74

MUC16 225 4.04 3.84 367 3.78 4.05 6.13 6.17 243 1.69 328 6.00 354 274 268 328 7.00 324 522 6.76 1.82 0.28 4.08 2.78 6.14

WIF1 5.04 586 6.42 6.65 584 539 560 6.96 563 6.48 580 6.55 575 556 566 586 7.19 570 6.86 7.41 579 532 6.73 6.22 5.40
GZMB 3.38 3.50 5.33 6.09 472 3.86 4.41 7.36 3.44 451 441 429 546 511 6.25 4.51 4.09 3.80 3.64 429 394 3.31 1024 531 5.60
FCRLB 195 269 1.78 2.88 296 3.24 239 226 267 291 226 380 286 273 210 2.74 339 1.62 209 265 158 1.48 214 256 1.85
ANXA1 257 263 337 502 365 298 3.36 4.06 329 4.16 3.48 3.88 549 4.03 4.41 3.01 387 289 338 3.8 286 1.78 534 277 4.07
FOLR1 9.24 9.18 10.27 10.23 10.04 11.52 9.08 9.98 10.59 9.89 9.32 9.46 10.70 9.20 9.59 9.53 11.60 8.97 9.08 9.66 8.98 8.89 9.67 8.81 9.14

PEA, proximity extension assay.
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Figure S1 The relation between differences between response and PD for differentially regulated proteins and PFS. PD, progressive

disease; PFS, progression free survival.
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Figure S2 Effect of CEACAMS at response and PD on PFS and OS. Patients are divided based on the CEACAMS level below or above
the median at response (A,B), at PD (C), or based on the difference between response and PD (D). ACEACAMS <0 indicates at decrease in
CEACAMS from response to PD, whereas ACEACAMS >0 indicates an increase. PFS, progression free survival; OS, overall survival; PD,
progressive disease.
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Table S3 Significant GO terms and associated genes

GO.ID Term Annotated Significant Expected P value Genes

G0:0002250  adaptive immune response 14 5 1.08 0.00075 CD27, CD70, CXCL13,
ICOSLG, LY9

G0:0002460 adaptive immune response based on 9 4 0.69 0.00143 CD27, CD70, CXCL13, LY9

somatic recombination...

G0:0022409  positive regulation of cell-cell adhesion 14 4 1.08 0.0098 CD27, CD70, CXCL13,
ICOSLG

GO0:0006955  immune response 34 6 2.62 0.01014 CD27, CD70, CXCL13,
FASLG, ICOSLG, LY9

G0:0019724 B cell mediated immunity 3 2 0.23 0.01481 CD27, CD70

G0:0007155  cell adhesion 40 6 3.08 0.02649 CD27, CD70, CXCL13,
ICOSLG, LY9, NECTIN4

G0:0022610  biological adhesion 40 6 3.08 0.02649 CD27, CD70, CXCL13,
ICOSLG, LY9, NECTIN4

GO0:0098609  cell-cell adhesion 28 5 2.15 0.02679 CD27, CD70, CXCL13,
ICOSLG, NECTIN4

G0:0070231 T cell apoptotic process 4 2 0,31 0.0285 CD27, FASLG

G0:0019221 cytokine-mediated signaling pathway 19 4 1.46 0.03248 CD27, CD70, CXCL13, FASLG

G0:0022407  regulation of cell-cell adhesion 19 4 1.46 0.03248 CD27, CD70, CXCL13,

ICOSLG

GO0:0042110 T cell activation 19 4 1.46 0.03248 CD27, CD70, ICOSLG, LY9
G0:0097191 extrinsic apoptotic signaling pathway 11 3 0.85 0.03578 CD27, CD70, FASLG
G0:0006873 cellular ion homeostasis 5 2 0.38 0.04571 CXCL13, FASLG
G0:0006874 cellular calcium ion homeostasis 5 2 0.38 0.04571 CXCL13, FASLG
G0:0006875  cellular metal ion homeostasis 5 2 0.38 0.04571 CXCL13, FASLG
G0:0007204  positive regulation of cytosolic calcium 5 2 0.38 0.04571 CXCL13, FASLG
ion...
GO0:0030003  cellular cation homeostasis 5 2 0.38 0.04571 CXCL13, FASLG
G0:0051480  regulation of cytosolic calcium ion 5 2 0.38 0.04571 CXCL13, FASLG
concentration
GO:0055065  metal ion homeostasis 5 2 0.38 0.04571 CXCL13, FASLG
GO0:0055074  calcium ion homeostasis 5 2 0.38 0.04571 CXCL13, FASLG
GO:0055080  cation homeostasis 5 2 0.38 0.04571 CXCL13, FASLG
G0:0070227  lymphocyte apoptotic process 5 2 0.38 0.04571 CD27, FASLG
G0:0072503  cellular divalent inorganic cation 5 2 0.38 0.04571 CXCL13, FASLG
homeostasis
GO:0072507 divalent inorganic cation homeostasis 5 2 0.38 0.04571 CXCL13, FASLG
GO0:0098771 inorganic ion homeostasis 5 2 0.38 0.04571 CXCL13, FASLG
G0:0042113 B cell activation 12 3 0.92 0.04599 CD27, CD70, ICOSLG
GO0:0050870  positive regulation of T cell activation 12 3 0.92 0.04599 CD27, CD70, ICOSLG
GO0:1903039  positive regulation of leukocyte cell-cell 12 3 0.92 0.04599 CD27, CD70, ICOSLG
adhesion...
G0:0045785  positive regulation of cell adhesion 21 4 1.62 0.04703 CD27, CD70, CXCL13,

ICOSLG

GO, Gene Ontology.
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Figure S3 Proteins related to “Adaptive immune response” predict OS after PD. (A) OS after PD for patients with high or low levels
of “Adaptive immune response” proteins. Statistical analysis was performed using a log-rank test. (B) The 25 patients are divided into
“Adaptive-high” and “Adaptive-low” groups based on their sNPX values for adaptive proteins. The course of their disease, treatment,

and blood samples are shown. PD, progressive disease; BS, blood sample; OS, overall survival; SsNPX, summarized Normalized Protein
eXpression.
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Figure S4 The relation between protein levels related to the immune response at PD and OS after PD. OS, overall survival; PD, progressive
disease.
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