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Abstract
Background:  Non-small-cell lung cancer (NSCLC) patients were routinely treated with  EGFR  tyrosine kinase
inhibitors (TKIs) and eventually acquired resistance from TME-producing intermediate factors, including various
cytokines to facilitate cancer progression.

Objective:  To evaluate the correlation between circulating levels of pro- and anti-inflammatory cytokines and
clinical outcomes in advanced NSCLC patients with  EGFR  mutant-receiving TKI treatments.

Methods:  Plasma samples were collected at pretreatment and during the 6- to 12-week follow-up in 123 patients
with EGFR-mutated NSCLC. The expression of human cytokines was measured using a 27-bioplex panel by
comparing the results to healthy controls (N=30). Patients were classified as durable responders (DU) based on
progression-free survival (PFS): PFS  ~*  104 weeks, and non-durable responders (NDU): PFS < 104 weeks.

Results:  High IL-6 and IL-10 levels at baseline were significant in NDU (P  = 0.0076 and  P  = 0.0166, respectively).
Low IL-6 levels were statistically significant in NDU (median difference = -1.275 pg/ml,  P  = 0.0019) at the second
time point. In contrast, IL-10 levels post-treatment were higher than baseline in DU [median difference = 0.000 pg/
ml,  P  = 0.0234]. High IL-6 levels at pre-treatment were associated with poor PFS [(44.429 vs. 140.857),  P  = 0.018],
overall- survival (OS) [(87 vs. 160),  P  < 0.001] and time-to-treatment failure (TTF) [(47 vs. 136),  P  < 0.001]. In
contrast, high IL-10 levels were associated with longer TTF (124.895 vs. 41.140,  P  < 0.005).

Conclusion:  The pattern and levels of pro- and anti-inflammatory cytokines may be a prognostic biomarker for
evaluating durable response in EGFR-mutant NSCLC patients who received targeted therapy.
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Sample preparation and Cytokine Bio-plex assay
(ELISA)

Blood samples were collected at baseline and
follow-up (6–12 weeks) of EGFR-TKI treatment into
three EDTA tubes (30 ml), centrifuged at 2500 g for
10 minutes. Plasma was aliquoted and stored at -80
°C for enzyme-linked immunosorbent assay (ELISA).
Cytokine levels were quantified using the 27-plex
human cytokine panel (Bio-Plex Pro, Bio-Rad). Frozen
plasma samples were thawed, centrifuged, and diluted
(1:4), while standards were used with HB diluent.
Detection antibodies and Streptavidin-PE were added
after incubating with beads in a 96-well plate and
washing. Fluorescence values were measured using
Bio-Plex Manager software, with standards ranging
from 80–120% of expected values.

Statistical analysis
Data were censored on December 31, 2023.

Cytokine levels were analyzed as medians, categorized
into Th1, Th2, and growth factors. High and low
cytokine groups were defined based on these median
values. Categorical variables were analyzed using a
chi-squared test. Mann–Whitney U tests assessed the
non-parametric significance of circulating cytokine
levels between groups. Wilcoxon signed-rank tests
examined the significance of dynamic changes in
cytokine levels at 6-12 weeks in EGFR-TKI durable
and non-durable responders at baseline and later points.
Survival outcomes (PFS, OS, TTF) were evaluated
using Kaplan-Meier analysis and Cox regression
models. Data were processed with IBM SPSS and
GraphPad Prism, with a significance set at P < 0.05.

Results
Different expression of various cytokine profiles
in EGFR-mutated NSCLC patients

To assess the pattern of specific individual cytokine
expression correlating with the durable response to
EGFR-TKI treatments, we classified NSCLC patients
into DU and NDU using a cut-off PFS at 104 weeks.
At baseline levels of the 27 cytokines, high IL-6 and
IL-10 levels were observed in the NDUs (Figure
1A), compared to the DU (83.74% vs. 16.67%)
(median levels: 4.060 vs. 1.860 pg/ml, P = 0.0076;
median levels: 0.71 vs. 0.00 pg/ml, P = 0.0166,
respectively) (Figure 1B). We also found significantly
higher levels of IL-1Ra (median cytokine levels: 305.6
vs. 281.7 pg/ml, P = 0.0027), IL-7 (median cytokine
levels: 15.96 vs. 12.045 pg/ml, P = 0.0415), IP-10
(median cytokine levels: 405.965 vs. 220.52 pg/ml, P
= 0.0085), and PDGF-BB (median cytokine levels:
258.37 vs. 159.06 pg/ml, P = 0.0313) in NDU compared
to DU (P < 0.05) (data not shown) (Figure 2A).
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  Lung cancer is the leading cause of cancer-related
mortality  and  the  second  most  common  cancer
worldwide,  accounting  for  18.9%  of  cases  and
affecting 15.9% of the Thai population in 2022.  (1, 2)

NSCLC constitutes 85% of lung cancers, with 70%
diagnosed at an advanced stage.(3)  EGFR mutations
(10–35%) drive NSCLC progression, leading to the
development of first- and second-generation TKIs.(4)

However, resistance mutations such as EGFR T790M
and  L858R  limit  TKI  efficacy.(5)  Osimertinib  was
introduced to overcome T790 M-mediated resistance,
improving  outcomes  over  first-generation  TKIs.  (6)

Tumor  heterogeneity  drives  oligo-progression,
necessitating continued TKI treatment, while access
to third-generation TKIs remains limited.  (7)  Identifying
prognostic  markers  is  essential  for  predicting  TKI
responses.  (8)  T-helper 1 cells (TH1) were related to
pro-inflammatory cytokines, including IL-2, IL-6, and
TNF-a,  which  can  stimulate  the  immune  system
through  T-cell-mediated  responses,  whereas  Th-
helper (Th2) cytokines, including IL-4, IL-5, IL-10,
and  IL-13,  can  inhibit T-cell  proliferation  and Th1
cytokine production.  (9)  The earlier studies link pro-
inflammatory cytokines to poor prognosis and first-
generation  TKI  resistance.  (10)  Low  IL-8  levels
correlate with prolonged PFS (13 months) in Gefitinib-
treated patients.  (11)  While IL-10 downregulation is
limited  in  EGFR-mutated  tumours,  high  IL-10  is
detected post-Gefitinib and Osimertinib treatment.  (12)

Growth factor serum levels may also predict EGFR-
TKI efficacy.  (13)  The prognostic role of cytokines in
EGFR-mutant  NSCLC  is  underexplored.(14).  This
study  aimed  to  evaluates  cytokine  patterns  and
outcomes to enhance insights into TKI responses in
EGFR-mutated NSCLC.

Materials and Methods

Patient  clinical  characteristics

  NSCLC patients retrospectively included in this
study  with  EGFR-mutated  advanced  NSCLC  were
treated with first- to third-generation TKIs at King
Chulalongkorn Memorial Hospital from 2021 to 2023.
Eligible patients were e”18 years old with confirmed
histopathology and EGFR mutation reports. Those with
incomplete documentation, second primary cancer, or
withdrawn consent were excluded. Tumor response
was assessed by physicians. The study was approved
by the Faculty of Medicine’s Ethics Committee (IRB
0425-67,  which  is  part  of  IRB.  No.  894-63),  and
written  informed  consent  was  obtained  from  all
participants.
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Association of cytokine levels as a prognostic
biomarker for long-term durable response

The six cytokines differed significantly between
DU and NDU, highlighting their potential as predictive
markers. This study analyzed cytokine levels
correlations with clinical outcomes. Independent
prognostic biomarkers included IL-1Ra, IL-6, IL-7,
IL-10, IP-10, and PDGF-BB, assessed via univariate
analysis and Cox regression for PFS, OS, and TTF.
Cytokine levels were categorized as high or low based
on median values. The baseline plasma of NSCLC
patients showed a PFS of 48 weeks [95% CI: 35.641-
75.787]. Kaplan-Meier analysis revealed high IL-6
levels [3.6 pg/ml, range: 0-102.82 pg/ml] linked to
shorter PFS (44.429 vs. 140.857, P = 0.018), OS (87
vs. 160 weeks; P = 0.011), and TTF (47.000 vs.
136.000, P = 0.001). Conversely, high IL-10 levels
[0.5 pg/ml, range: 0-16.06 pg/ml] correlated with longer

PFS (114.160 vs. 35, P = 0.001), OS (186.720 vs.
82.000, P = 0.001), and TTF (124.895 vs. 41.43, P =
0.001). Univariate analysis identified a common EGFR
mutation (exon 19 deletion and L585R) as the sole
independent prognostic factor for PFS (P = 0.01), OS
(P < 0.001), and TTF (P = 0.015). High levels of IL-
6, IL-10, IP-10, and PDGF-BB demonstrated
significant independent prognostic value for PFS
(Table 2), OS (Table 3), and TTF (Table 4) with P
< 0.05. Multivariate analysis indicated that sensitizing
common EGFR, high IL-6, and high IL-10 levels were
significant independent prognostic factors (HR =
4.500; 95% CI: 1.823-11.111, HR = 1.713; 95% CI:
1.002-2.928, and HR = 0.394; 95% CI: 0.177-0.876,
respectively). These findings suggest that EGFR
status and pre-treatment cytokine levels in plasma may
be prognostic indicators for durable TKI response in
NSCLC patients.

Figure 1. (A) heatmap of 27 pre-treatment cytokine levels in NSCLC patients (N = 123) categorized them into DU (N = 20) and
 NDU (N=103) at a PFS cut-off of 104 weeks with significant cytokines outlined in blue, mainly in NDU. (B) A
 scatter  plot visualizes Th1 and Th2 cytokine levels via ELISA (Multiplex assay), with significance assessed using
 the Mann-Whitney test (P < 0.05).

Figure 2. The scatter plot presents the dynamic changes of circulating cytokine levels, which were separated into DU and
  NDUs patients. The cytokine levels were compared to pre- and post-treatment at second-time points between 6
  to 12 weeks. The levels of two cytokines were divided into two groups, such as Th1 cytokines (IL-6) (A) and Th2
  cytokines (IL-10) (B). The Wilcoxon matched-pairs signed-rank test evaluates the significance (P < 0.05).
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Dynamic changes in cytokine expression levels
and potential biomarkers for predicting durable
responses

Cytokine levels assessed NSCLC patients’
responses to targeted therapy. Plasma samples were
collected 6 to 12 weeks post-TKI treatment.
Significant pretreatment cytokine levels in NDUs
included IL-1Ra, IL-6, IL-7, IL-10, IP-10, and PDGF-
BB. A notable decrease in IL-1Ra levels was observed
in DU and NDU: median difference = -42.29 pg/ml
(P = 0.0083) and -96.04 pg/ml (P = 0.0049),
respectively (not shown). IL-6 was found to have a
significant decrease in NDUS (median difference =
-1.275 pg/ml, P = 0.0019), while DU exhibited a
substantial increase in IL-10 (median difference =
0.000 pg/ml, P = 0.0234). The analysis reveals that
changes in cytokine levels offer insights into NSCLC
patients. A scatter plot indicated circulating cytokine

Figure 3. Kaplan-Meier curves for progression-free survival (PFS), overall survival (OS), and time to treatment failure (TTF)
 show according to IL-6 (A-C) and IL-10 (D-F) levels in overall mutant-EGFR NSCLC patients (N=123).
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levels in DU (PFS ~* 104 weeks, N = 15) and NDU
(PFS < 104 weeks, N = 72), with a significant decrease
in IL-6, specifically in NDU, implying a link to poor
treatment outcomes. High IL-10 levels in DU suggest
its  potential  as  a  biomarker  for  positive  outcomes,
emphasizing cytokine profiling’s importance in tracking
patient responses to TKI therapy.

Discussion
  This  study  evaluated  cytokine  patterns  as
prognostic biomarkers for durable TKI responses in
EGFR-mutated  NSCLC  patients.  T-helper  1  cells
(Th1)  cytokines  (IL-2,  IFN-γ, TNF-α)  stimulate  T-
cell responses, while T-helper 2 cells (Th2) cytokines
(IL-4, IL-5, IL-10, IL-13) inhibit them.  (15, 16)  Th1/Th2
imbalance contributes to NSCLC progression, with
Th1 downregulation promoting resistance.  (17) Elevated
IL-6 and IL-8 were linked to tumor progression and
immune dysregulation.  (18)  IL-6 correlated with poor
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PFS, OS, and TTF, while IL-10 was associated with
prolonged TTF. IL-6 promotes tumor growth via the
JAK/STAT3  pathway  and  an  immunosuppressive
TME.  (19,  20)  High  IL-10  levels  in  NDUs  suggest
immune modulation.  (21)  A 104-week PFS threshold
defined  durable  responses,  with  TTF  providing  a
broader treatment durability measure. These findings
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supporting immune profiling for personalized NSCLC
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Conclusion
  This study underscores the importance of Th1/
Th2 cytokine patterns and levels in forecasting the
response  to  EGFR-TKI  treatment  in  patients  with
NSCLC. The findings illustrate that pro-inflammatory
IL-6  and  anti-inflammatory  IL-10  are  potential
prognostic biomarkers for long-term TKI response.
Elevated  levels  of  IL-6  were  correlated  with
unfavourable survival outcomes. In contrast, increased
IL-10 levels were associated with prolonged time to
treatment failure, thereby highlighting their roles in
tumour  progression  and  immune  modulation.  The
results indicate that integrating molecular and immune
profiling  may  enhance  personalized  treatment
strategies for NSCLC patients, emphasizing cytokine-
driven  immune  interactions  as  critical  factors  in
optimizing EGFR-TKI therapy.
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