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SUMMARY

Moskalenko Yu. \WRredictors of the Efficacy of Immune Checkpoint Inhibitors
in Patients with NohSmall Cell Lung Cancef. Manuscript.

The thesis of th®octor of Medical Sciencagegree in thepecialty 14.01.07
Oncology Nonprofit OrganizatiorNational Cancer Instituté. Kyiv, 2026.

Noni small cell lung cancer (NSCLC) remains one of the leading causes of
cancer mortality worldwide, including in Ukraine. Despite significant advances in
modern immunotherapy, the efficacy of immune checkpoint inhibitors (ICI) varies
substantially betweepatients. This heterogeneity is driven by a broad spectrum of
clinical, immunological, morphometric, and genetic determinants that shape individual
sensitivity to immunotherapy. Consequently, there is an urgent need for integrative ye
practical approachds predict ICI efficacy, based on the combination of biomarkers
from multiple levels of biological organization.

Accordingly, the present dissertation is dedicated to a comprehensive, multilevel
analysis of predictors of immunotherapy efficacy, evaluating their independent and
combined impact on survival in patients with metastatic NSCLC, and to the
construction of goersonalized prognostic model. Particular attention was given to
integrating clinical, laboratory, and morphometric characteristics into afniesedly
digital format suitable for practical use by oncologists. As a result of this process, the
digital degsion-support platform IMMULUNG was developed, allowing
individualized prognostic assessment of response to ICI therapy.

The aim of the study was to identify independent clinical, morphometric,
immunological, and moleculagenetic factors influencing ICI efficacy; to assess their
interrelation; and on this basis, to create a tool for personalized prognosis for patient
with metastatic NSCLC.

To achieve this aim, the research was carried out in three interrelated directions
each reflecting a different level of functional organization of the tumor process: 1) the
organismal level, whicincluded the evaluation of clinical and systemic biomarkers;
2) the tumor level, involving analysis of mutation and transcriptome profiles; 3) the
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tumor microenvironment level, within which cellular and immune components
modulating response to ICl were investigated.

The study employed statistical methods (KapMaier survival curves, Cox
regression, ROC analysis, spline modeling, bootstrap resampling),
immunohistochemical analysis( CD8 FoxP3 |, cCD163 .
morphometric assessment of skeletal muscle and adipose tissue, genetic profiling «
somatic mutations (KRAS, TP53, KEAP1, STK11, TTN) and transcriptomic signature
anal ysi s, | rassociatddigeng sigaaturel F N2

Increasing attention from contemporary researchers is given to systemic
organismal characteristics that may modify immunotherapy effectiveness. In this
study, a clinically significant chronotherapy effect was demonstrated: morning
infusions of ICI provided significantly longer overall survival compared with evening
infusions (effect size 2.07; p < 0.001).

Analysis of ageelated characteristics showed that patients over 70 years more
frequently experienced immuelated adverse events (p = 0.046); however, their
overall survival did not differ from younger groups, indicating no grounds for age
related restctions on ICI usage.

Special attention was paid to the impact of tobacco exposure. In patients with ¢
smoking hi s t-years, im@un&h@rapyp pravikled significantly better
outcomegd including overall survival (HR = 0.63; p = 0.01i38hich correlated with
higher PDL1 expression levels (p = 0.0001). Objective response to IClI in this category
reached 75.6% versus 27.5% among patients receiving chemotherapy (p = 0.004%
The duration of ICI therapy also played an important role: tredtisteorter than 8
months increasedhé risk of ICI failure more than threefold (HR = 3.637; p = 0.0001).

Systemic corticosteroids emerged as a substantial modifier of ICI efficacy: their
use was associated with markedly worse progredssensurvival (HR = 3.94; p =
0.0001) and overall survival (HR = 6.53; p = 0.0001), whereas inhaled corticosteroids
did notreduce efficacy and yielded the highest response rate (87.5%; p = 0.0001)

Interestingly, patients with concomitant chronic obstructive pulmonary disease hao
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significantly better overall survival (HR = 0.17; p = 0.004), which may reflect the role
of local immune remodeling in the airways.

Among systemic biochemical markers, the neutrefmhiymphocyte ratio
( NLR) and the LEM system played a ke
independent negative factor for overall survival (HR =2.33; p = 0.015), while low NLR
was associated with a baetresponse (57.1% vs. 32.8%; p = 0.0213). The LEM system
effectively identified higkrisk groups: patients with three risk factors had a median
survival of only 4.2 months (HR = 1.81; p = 0.0001).

Morphometric characteristics of body composition and metabolic status are
increasingly recognized as potential modifiers of ICI sensitivity. This work revealed
that subcutaneous adipose tissue (SAT) radiodensity in the raii@eCobi €00 HU
was a prognostimarker of improved overall survival (HR = 0.32; p = 0.002). A U
shaped dependence indicated that both excessively low and excessively high SA
density were unfavorable. Although visceral adipose tissue density had no direc
prognostic value, it modifiethe impact of PEL1 (p < 0.0001), underscoring the
interaction between metabolic and immune features. In metastatic NSCLC patients
skeletal muscle parameters (index and density) were not associated with overall c
progressiorfree survival, but they didnfluence disease control achievement (p =
0.031). PBL1 expression O 50% remained a Kk
survival (HR = 0.29; p = 0.001), and a significant interaction betweefL1PD
expression and skeletal muscle index was observed (péoaation = 0.027).

Moleculargenetic analysis highlighted significant differences between NSCLC
histological subtypes. In adenocarcinoma, STK11 mutation was an unfavorable
prognostic factor (HR = 3.89; p = 0.026), while-motations KRAS+TP53,
KRAS+KEAP1, and STK11+KEAP1 werassociated with critically high risks of
death (HR up to 16.60). In contrast, in squamous cell carcinoma, TTN and TP5:
mutationsi individually and in combination were positive prognostic markers,
increasing median survival to 63.7 months compared 2vitB months (p = 0.0065).

T h e d{adsddiated gene signature in adenocarcinoma patients was linked witt

longer overall survival (47.4 vs. 41.2 months; p = 0.0438), though it was not an
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independent prognostic factor; in squamous cell carcinoma, its prognostic value wa
minimal.

The cellular composition of the tumor microenvironment plays a critical role in
shaping ICI response. In this study, three immune phenotypes were assesse
immuneactive, immunosuppressive, and mixed. Although there were significant
differences in survivalduration (Logrank p = 0.0001) among them, none had
independent prognostic value. The only reliable indicator of poor prognosis was a higl
CD163 / CD638 rati o, r ef-briented macrgphdgés¢HRpEr €
4. 34, p < 0. 0017 cells werex Bsdciated witg redueet surviyal,
although they were not independent prognostic factorsonsistent with their
functional plasticity. In surgically treated patients, two immune phenotypes were
di sti ngui s h e d-celbadessiydandMa/M2Xhia&ophade ratio. Despite a
substantial difference in median survival (114.5 vs. 38.1 months)istist
significance was not reached. Meanwhile, in the subgroup di Rpositive patients
receiving adjuvant cheraonmunotherapy, TP53 mutation wassasiated with a
significant prolongation of progressidree survival (93.8 vs. 9.1 months; p = 0.029),
indicating a complex interaction between mutational status and immune profile.

Based on the independent predictors identified at the organismal, tumor, anc
microenvironment levels, an integrative prognostic model was developed to estimat
the risk of unfavorable outcomes in patients with metastatic NSCLC receiving ICI
therapy. The mael incorporated clinical indicators, laboratory markers of
inflammation, morphometric characteristics, and immunological markesfiecting
the multidimensional biology of response to immunotherapy. Genetic parameters wer
consciously excluded from theodel, as their determination requires molecular
genetic testing, which is often unavailable to patients in Ukraine; including them would
|l i mit the model 6s applicability 1in rol
built using multivariable Coxegression with bootstrap resampling to enhance the
stability of estimates. The derived risk coefficients were transformed into aljaset
scoring system, enabling stratification of patients into-Jamtermediate and high

risk groups, and facilitatonpersonalized prognosis of overall survival.
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For practical application, the model was integrated into the digital platform
IMMU -LUNG, implemented as a wdinsed prototype requiring no software
installation. The platform provides both numerical and textual interpretation of results,
and offers brief knical guidance aligned with current international recommendations.
Its weboriented format, bilingual support (Ukrainian and English), and accessibility
across different devices make IMMWNG a convenient tool for practicing
oncologists. The prototype available athttps://yuliizmoskalenko.github.io/imnu

lung-score/
Summing up the study results, it can be concluded that the identified predictors

not only deepen our understanding of the biology underpinning the response to IClI, bt
also hold real practical significandeas evidenced by the creation of the digital
IMMU -LUNG platform. The developed tool enables personalized stratification of
patients and may be applied in clinical practice to optimize therapeutic decision
making and improve the quality of oncological care.

Keywords: norismall cell lung cancer, immune checkpoint inhibitors,
immunotherapy, predictors, prognostication, tumor microenvironment, mutations,

immune phenotypes, clinical decision support platform prototype.
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3aranom S 0.73[0.52, 0.94]

Heterogeneity: 1° = 0.06, I = 72.61%, H® = 3.65
Test of 6, = 8;: Q(6) = 20.08, p = 0.00
Testof 8=0:z=6.86, p=0.00

Random-effects REML model
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MyTauis TP53 | HR =0.8802 Cl = 0.3941-1.9656 P = 0.756

|
KO'MyTauiﬂ KRAS+TP53 ~ : S HR = 5.1392 Cl= 1‘2659"‘20.8630 P= UAOZZ
|

B

Ko-myTauis KRAS+STK11 HR =0.6737 Cl = 0.1474-3.0790 P = 0.61

Ko-myTaviss KRAS+KEAP1 ! " HR = 1.7353 CI = 0.3119-9.6545 P = 0.529
|
Ko-myTauis STK11+KEAP1{ —o-— HR = 0.488 Cl = 0.0769-3.0940 P = 0.446
|
T T T T T
012 5 10

{ (M dsE [ SMRe d2 CcwOW' §, toh dsdatsilsifsus Is t
o d X d o Oaztsfidsy * o qiatfkifodstiadzds § * w ©d i ®ded i3d ] G to,

L ~otstcd n "L mj toj Hdz' @ls O |sdglArpsddcudeizts § * LHC
ftetscdetsisd wded d&3d te § Hed ke sdfsetc@aigs| frplsl’ CroetDafeiAoints v
KRAS+STIslBEIs ORA'S + K EA@SEZ Is 0T K1 1 + KERAPPD S
Md3d ols® L eimis O& tsolelzd 83, MBIRS tsd3 1y, PISEIW T11(9 ® B; C
= 0, OB SOWRVNS+STRIHYy' ¥ 9 OzOMwW -C e O Istcrs{dz
f " Hodh jdedgw &5 twclHR d€ 2z 1 6d3h) Blsi17915 % 1C| :ps &, 506
Bz s OYR AS + KEIAPUBY dBOzO dzj M WRY Isdzdes, b7 ; 9 {
1,i38B, 93; pl esd@pD22dg'." Ldoykzhj " HedhE
16, 6 HPROL= 916, 60;i19838 %2, 0UsBEOE&BTK1 1 +KEAP
wdzh Cedz' deg' IsCasy, dz' YWOCIststed ( MSOBRAF, MisBAF



=N
KRAS, FRMBR) dzf TsCOLOdzd HGMistse ' dsE s
f" " Hetolzpf "> (Oz,fi05) .

v OCdd3 Hdg®®RY Oy * dzls d ded i3 oy OdeDEES U303
f sd3’ tcded 2 ftcsG dztstL , dzOw o dz' Mmis! S THKE HLot+" KEJADP:
L dz2Oydets f s6" teh E2° odydo Odz Mmis! . Ai dBBYJ
ftesW " dz¢ L ° o3lzdzded d3 o3 (Stdajiiis ls 5y, j3dpdey A3 f 2 = dzo
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