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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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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-L858R 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, NF1, 
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 

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 (PFS) 
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 ℃ (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 

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 qPCR (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 
q-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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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 (Table 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: del19 (18 patients) or L858R (6 patients). 

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 

85 patients-from the EGFR multicenter 
study (ID NCT02284633), who received 

treatment with osimertinib

8 patients received osimertinib as third line or more

77 patients

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

• 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
• For 20 patients, blood sampling was not sufficient
○ Response: BS max 2 months before or after
○ PD: BS max 1 month before or after, but before change of treatment

• 4 patients with inadequate information in the database

26 patients included 
for PEA analysis

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. 
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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 [%]

M0 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 [%]

0 or 1 15 [60] 9 [75] 6 [46]

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

Unknown 3 [12] 1 [8] 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 1 [4] 0 1 [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] 1 [8] 1 [8]

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 sNPX 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. 
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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 2A 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 (Table 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, CEACAM5 
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 CEACAM5 in the response sample was 
associated with a reduced PFS as well as OS (Figure S2). 
However, the dynamic changes of CEACAM5 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 
II 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 

with the GO term immune response all showed a decrease 
between the two samples (Table 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 4A,  
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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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. 

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 (Table 1). 
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 al. 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 

Table 2 Significantly differentially regulated proteins in response versus progression samples

Protein Log2FC Median at response (± SE) Median at progression (± SE) q-value

CD27 −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, Log2 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. 
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Figure 4 Proteins related to “Immune response” predict OS after PD. (A) OS after PD for patients with high or low levels of “Immune 
response” proteins. Statistical analysis was performed using a log-rank test. (B) The 25 patients are divided into “Immune-high” and 
“Immune-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; 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 

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 al. 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-L1 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 

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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