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Abstract: For many years, researchers have been trying to develop the most effective ways to fight
lung cancer, which is the cause of the largest number of cancer-related deaths among men and women
worldwide. The most advanced treatments for nearly all non-small-cell lung cancer (NSCLC) types
include immunotherapy with immune checkpoint inhibitors (ICIs), mainly anti-programmed death
1/anti-programmed death ligand 1 monoclonal antibodies (anti-PD-1/PD-L1 mAbs) in monotherapy
or in combination with other strategies. Despite significant advances, long survival is not achievable
in most cases, so new solutions are constantly being sought. One of the questions raised by oncologists
is the efficacy of ICIs in patients with molecular driver alterations, especially when the possibilities
of using molecularly targeted therapies are exhausted (e.g., due to resistance to tyrosine kinase
inhibitors). There are studies investigating this problem, but it is still poorly described. Among
probable immunotherapy’ failures reasons, low immunogenicity of tumors with one driver mutation

is listed. Nevertheless, in some cases, the therapy is efficient, and more research is required to
check for

updates establish the management of NSCLC patients with oncogenic driver abnormalities. The aim of this

I . article is to review current discoveries in this matter.
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1. Introduction

Despite the efforts of scientists and clinicians, lung cancer remains the leading cause
of cancer-related deaths worldwide. The most common histological type of lung cancer is
non-small-cell lung cancer (NSCLC) [1]. Diagnosis of the disease is often late and treatment
options are scarce. Targeted therapy is one of the treatment strategies for advanced stages
NSCLC patients with driver mutations. Oncogenic driver mutations are defined as genetic

alterations responsible for both the initiation and maintenance of cancer. It often refers
to genes encoding proteins essential for maintaining cellular proliferation, growth, and
survival. Therefore, alterations of those genes may result in unrestricted proliferation and
thereby lead to carcinogenesis and tumor progression. With the use of various methods,
from immunohistochemistry (IHC) to next generation sequencing (NGS), patients are
screened for such molecular changes. The most frequently occurring oncogenic driver
alterations in NSCLC patients involve the following genes: KRAS (Kirsten rat sarcoma
virus), EGFR (epidermal growth factor receptor), ALK (anaplastic lymphoma kinase), ROS1
(ROS proto-oncogene 1), BRAF (proto-oncogene B-Raf), MET (mesenchymal-epithelial
transition factor), RET (RET proto-oncogene), NTRK 1-3 (neurotrophic tyrosine kinase
type 1-3) and HER2 (human epidermal growth factor receptor 2) [2]. Patients harboring
alterations in those genes may benefit from personalized treatment based on the blockade
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only 20% of patients regardless of the disease stage, and in 10% of patients with metastatic

disease [3].

Table 1. Oncogenic driver genes and corresponding targeted therapies for NSCLC patients currently
used in the clinic (approved by FDA and/or EMA).

Altered Alterations Prevalence . .
Gene Product of the Gene (Advanced LUAC) Registered Therapeutics Ref.
EGFR . . o erlotinib, gefitinib, afatinib,
(ex. 18-21) receptor tyrosine kinase 30.3% dacomitinib, osimertinib [45]
EGFR . . 0.7% (all .. .
(ex. 20) receptor tyrosine kinase stages NSCLC) mobocertinib, amivantamab [5,6]
ALK receptor tyrosine kinase 4.4% crizotinib, ceritinib, alectinib, brigatinib, lorlatinib [5,7]
ROS1 receptor tyrosine kinase 1.9% crizotinib, entrectinib [5,8]
. . . o BRAF inhibitor dabrafenib + MEK inhibitor
BRAF serine/threonine kinase 5.5% trametinib (for BRAF V600E mutation) [5,9]
NTRKI-3 ~ receptor neurotrophic 0.1-1% entrectinib, larotrectinib [5,10]
tyrosine kinase
RET receptor tyrosine kinase 2.3% selpercatinib, pralsetinib 5,11]
MET receptor tyrosine kinase 5.5% capmatinib, tepotinib [5,12]
KRAS GTPase 29.9% sotorasib, adagrasib [5,13]
HER2 receptor tyrosine kinase 3.8% no targeted therapy approved [5]

ALK-anaplastic lymphoma kinase, BRAF-proto-oncogene B-Raf, EGFR-epidermal growth factor receptor, EMA-
European Medicines Agency, FDA-Food and Drug Administration, HER2-human epidermal growth factor
receptor 2, KRAS-Kirsten rat sarcoma virus, LUAC-lung adenocarcinoma, MET-mesenchymal-epithelial tran-
sition factor, NSCLC—non-small-cell lung cancer, NTRK 1-3-neurotrophic tyrosine kinase type 1-3, RET-RET
proto-oncogene, ROS1-ROS proto-oncogene 1

On the other hand, in non-molecularly predisposed NSCLC patients, immunotherapy
is introduced. The anti-tumor response is restored with the use of immune checkpoint
inhibitors (ICIs)-monoclonal antibodies (mAbs) against negative co-stimulatory molecules.
The most common targets within negative immune checkpoints are PD-1 (programmed
death 1) on T cells and its ligand-PD-L1 (programmed death ligand 1) on tumor cells.
Anti PD-1 agents used in NSCLC are pembrolizumab, nivolumab, and cemiplimab, and
the anti-PD-L1 mAbs — atezolizumab and durvalumab. According to the registration
rules, immunotherapy could be administered either in monotherapy or in combination
with chemotherapy, based on the percentage of tumor cells (tumor proportion score, TPS)
and/or immune cells with PD-L1 expression (combined proportion score, CPS), which is
determined by IHC during qualification for the treatment. TPS > 50% enables the intro-
duction of ICIs in monotherapy; otherwise, patients may receive chemoimmunotherapy.
A registered method of immunotherapy for NSCLC patients is also the combination of
two ICIs: anti-PD1 (nivolumab) and anti-CTLA-4 (cytotoxic T lymphocytes antigen 4;
ipilimumab) with chemotherapy. CTLA-4 is the immune checkpoint on lymphocytes.

All methods of immunotherapy could be used in advanced NSCLC patients after
excluding the presence of at least basic genetic abnormalities in the EGFR, ALK, and ROS1
genes since the low effectiveness of immunotherapy in such patients has been proven. This
is due to the results of phase 3. clinical trials with nivolumab (CheckMate 057 study) and
atezolizumab (OAK study). The effectiveness of ICIs was there compared to docetaxel in
second-line treatment in NSCLC patients. Approximately 80 patients with mutations in the
EGFR gene were enrolled in each study. The risk of death in patients with EGFR mutations
was higher with immunotherapy compared to docetaxel (HR = 1.24; 95% CI: 0.71-2.18
in OAK study and HR = 1.18; 95% CI: 0.69-2.0 in CheckMate 057 study). In contrast,
in patients without EGFR mutations, there was an evident benefit from immunotherapy
compared to docetaxel. However, in phase 3 KEYNOTE 010 study, pembrolizumab showed
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an unclear benefit over docetaxel in reducing the risk of death in patients with EGFR
mutations (HR = 0.88; 95% CI: 0.45-1.70) [14-17].

This article aims to review the rationale for introducing immunotherapy in oncogene-
driven NSCLC patients on the basis of the literature data found. Still little is known about
the benefit of including such therapy in groups of patients previously treated with targeted
therapy and treatment-naive patients with driver genetic alterations, as well as therapy
combining immunotherapeutics and molecularly targeted drugs.

2. Molecularly Targeted Therapies and Immunotherapeutics in NSCLC Patients—An
Unobvious Combination

2.1. Immunotherapy Efficacy in Patients with Actionable Alterations in EGFR, ALK, and
ROS1 Genes

The tyrosine kinase inhibitors (TKIs) have been pioneering molecularly targeted drugs.
EGFR mutations and ALK or ROS1 rearrangements are examined in the first instance as
predictive factors, as they predispose patients to respond to TKIs (Table 1). Those medicines
significantly improved the survival and life quality of NSCLC patients [2]. Unfortunately,
the heterogeneity of tumors and constant exposure to new genetic alterations result in
eventual development of either primary or required resistance to targeted therapy over time,
including second- and third-generation TKIs. Among the reasons for this phenomenon,
subsequent mutations/amplifications in genes encoding targeted proteins or upregulation
of bypass signaling pathways have been pointed out [18].

Interest in immunotherapy for patients with mutations increased after reports of
upregulation of PD-L1 expression in mutant EGFR and ALK cells, and improved survival in
mutant EGFR-driven murine lung cancer models with PD-1 axis blockade [19-21]. However,
presumptions about the efficacy of immunotherapeutics in EGFR/ALK-mutant patients
have not been confirmed in the clinic. In the IMMUNOTARGET study, Mazieres et al.
retrospectively studied the efficacy of ICIs monotherapy (anti-PD-1 or anti-PD-L1 agents
used in second and subsequent lines of therapy) in patients with oncogenic alterations.
Notably, no response in the ALK-rearranged group (n = 23) was observed. In EGFR-mutated
group (n = 125), the overall response rate (ORR) was 12% and in ROS1-rearranged group
(n = 7)—16%. There were some better results in groups of patients with other driver
alterations, described in the sections below. Median progression-free survival (mPFS) was
2.1 months for patients with EGFR mutations and 2.5 months for ALK gene rearranged
patients. The PFS correlated positively with PD-L1 expression. Patients with TPS > 1% had
2.8 months of mPFS compared to patients without PD-L1 expression on cancer cells who
reached 1.7 months of mPFS (p = 0.01). Moreover, differences were noted between groups
with different types of EGFR mutations. The mPFS reached 1.4 months for patients with
T790M mutation in exon 20 or complex mutations, 1.8 months for patients with deletions
in exon 19, 2.5 months for patients with L858R substitution in exon 21, and 2.8 months for
patients with other mutations (p < 0.001) (Table 2) [22].

Table 2. Chosen studies concerning immunotherapy in NSCLC patients with driver alterations.

Study Considered Genes Immunotherapy Type Endpoints ORR
) EGFR: 12%, ALK: 0%,
IMMUNOTARGET EGFR, ALK, ROSI, Anti-PD-1 ROS1: 16%, KRAS: 26%,
KRAS, BRAF, MET, or ORR, OS, PFS
[22] HERD. RET H6-PD-L1 mAb BRAF: 24%, MET: 16%,
’ a S HER2: 7%, RET: 6%
Anti-PD-1
Gainor et al. [23] EGFR, ALK or ORR, PFS EGFR/ALK: 3.6%
anti-PD-L1 mAbs

NCT02879994 [24] EGFR Anti-PD-1 ORR, PFS, OS 0%

(pembrolizumab)
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Table 2. Cont.

Study Considered Genes Immunotherapy Type Endpoints ORR
Anti-PD-1
KEYNOTE-021 EGFR _ (pembrolizumab) ORR, DLTs 41.7%
[25] in combination with
EGFR inhibitor
ATLANTIC [26] EGFR, ALK Anti-PD-L1 ORR EGFR/ALK: 12.2%
(durvalumab)
Anti-PD-1
or EGFR (exon 20): 50%
Lau et al. [27] EGFR, HER2 anti-PD-L1 mAbs ORR, PFS EGEFR (other): 11%
or HER2: 29%
Anti-PD-1+Anti-CTLA-4 mAbs
Group A: Anti-PD-1
(pembrolizumab or nivolumab)
or Anti-PD-L1 o
Choudhury et al. ROS1 (atezolizumab) or an ORR, TTD Group A: 13%
[28] . L Group B: 83%
investigational agent
Group B: combination of
chemotherapy and ICls
Anti-PD-1
. or KRAS + STK11: 7.4%
Skoulidis et al. KRAS . o
[29] (plus STK11 or TP53) antl-PDz)I;l mADbs ORR, PFS, OS KRAS + TP53: 35.7%
Anti-PD-1+Anti-CTLA-4 mAbs
Anti-PD-1
BRAF (pembrolizumab or nivolumab) Cheo
Dudnik et al. [30] (V600E and or ORR,PF5,05 RiRFAfOZ@ggOéS;?) y
non-V600E) Anti-PD-L1 Toore
(atezolizumab)
. BRAF V600E: 26%
Anti-PD-1 o
.. BRAF, HER?2, (pembrolizumab or nivolumab) ORR, PFS, BRAF non-V600E: 35%
Guisier et al. [31] HER?2: 27.3%
MET, RET or DoR, OS
other MET: 35.7%
RET: 35.7%
Anti-PD-1
or
Sabari et al. [32] MET anti-PD-L1 mAbs ORR, PFS 17%
or
Anti-PD-1+Anti-CTLA-4 mAbs
Immunotherapy in monotherapy First line combination
or therapy: 52%
Saalfeld etal. [33] HER? in combination ORR, PFS, OS5 Second /subsequent lines
with chemotherapy monotherapy: 16%
Anti-PD-1
or
Hegde et al. [34] RET anti-PD-L1 mAbs TTD -
or
Anti-CTLA-4 mAbs
Anti-PD-1
Rare targetable (pembrolizumab or nivolumab) 509
Dudnik et al. [35] drivers or ORR, PFS, OS 1/ 20)
(including NTRK) Anti-PD-L1

(atezolizumab)
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Study Considered Genes Immunotherapy Type Endpoints ORR
Anti-PD-1
Zhang et al. [36] NTRK (camrelizumab) case study PD
Anti-PD-1
or
Rosen et al. [37] NTRK anti-PD-L1 mAbs ORR, PFS, OS 0%
or

Anti-PD-1+Anti-CTLA-4 mAbs

ALK-anaplastic lymphoma kinase, BRAF—proto-oncogene B-Raf, CTLA-4—cytotoxic T lymphocyte antigen 4,
DLTs-dose limiting toxicities, DoR—duration of response, EGFR-epidermal growth factor receptor, HER2—
human epidermal growth factor receptor 2, KRAS—Kirsten rat sarcoma virus, mAb-monoclonal antibody, MET-
mesenchymal-epithelial transition factor, NSCLC-non-small cell lung cancer, NTRK 1-3-neurotrophic tyrosine
kinase type 1-3, ORR-overall response rate, OS-overall survival, PD-1-programmed death 1, PD-L1-programmed
death ligand 1, PFS—progression-free survival, RET-RET proto-oncogene, ROS1-ROS proto-oncogene 1, TTD-time
to treatment discontinuation.

Similar results have been obtained by Gainor et al. in a retrospective study on
ICIs activity. Among 28 patients with EGFR mutations or ALK rearrangements, the re-
sponse was observed in only 1 patient (3.6%), while in EGFR wild-type (WT) and ALK-
negative/unknown patients, the response was reached in 7 of 30 patients (23.3%; p = 0.053).
Additionally, PD-L1 expression and the presence of CD8* tumor-infiltrating lymphocytes
(TILs) were evaluated as independent predictive factors. Concomitant PD-L1 expression
(TPS > 5%) and high levels of CD8* TILs (grade > 2) were observed in only 1 pretreatment
(2.1%) and 5 TKIs resistant (11.6%) EGFR-mutant patients and was not observed in any
ALK-positive patients (Table 2) (Table 2) [23]. This could be the reason for the described out-
come, as the absence of cytotoxic TILs in the tumor microenvironment (TME) may result in
failure of immunotherapy, even with high PD-L1 expression on tumor cells [23]. Moreover,
in the tumor microenvironment, cancer cell antigens must be successfully recognized so
that the lymphocytes unblocked by ICIs are able to recognize and kill the cancer cell.

Immunotherapy (pembrolizumab) efficacy in TKIs-naive, EGFR-mutant patients
(n =10) has been evaluated in a phase 2 study (NCT02879994). No significant benefit
was observed, even in patients with TPS > 50%, and one death attributed to pneumonitis
was reported (Table 2) [24]. In TKIs-naive patients, a combinatorial approach has been
tested in phase 1/2 KEYNOTE-021 study, where NSCLC patients were treated with pem-
brolizumab and one of the EGFR inhibitors: erlotinib (cohort E, n = 12) or gefitinib (cohort
F, n =7). In cohort E, the safety profile was manageable, but in cohort F, grade 3/4 liver tox-
icity in 5 of 7 patients (71.4%) was observed and has led to discontinuation of the treatment
in 4 patients. The therapy did not improve the ORR (which was 41.7%) when compared to
trials results concerning monotherapy (Table 2) [25].

In the ATLANTIC study, researching durvalumab efficacy in patients with NSCLC
and with different EGFR/ALK status, 12,2% of EGFR-mutated or ALK-rearranged patients
(n = 111) with TPS > 25% achieved the response. Among EGFR-wild/ALK-wild patients,
the ORR was 16.4% in those who had TPS > 25% (n = 265) and 30.9% in those who had TPS
> 90% (n = 68). Although the study results did not lead to the registration of durvalumab,
the authors highlighted the fact that in EGFR-mutated patients with >25% of tumor cells
expressing PD-L1 the activity of durvalumab was visible and further investigation is
necessary (Table 2) [26].

Retrospective Lau et al. study on ICIs effectiveness in NSCLC patients with EGFR and
HER?2 mutations has also revealed differences between distinct EGFR alterations. The ORR
for EGFR-sensitizing mutations (1 = 28) was 11% and for EGFR exon 20 mutations (n = 6) it
was 50%. The mPFS was also favorable for patients with exon 20 mutations (4.8 months
versus 1.7 months in patients with other mutations) (Table 2) [27].

Choudhury et al. evaluated response to immunotherapy in patients with ROS1-
rearranged NSCLC either in monotherapy (7 = 28) or in combination with chemotherapy
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(n = 11). The time to treatment discontinuation (TTD) lasted 2.1 months and the ORR
was 13%, which is consistent with the IMMUNOTARGET study results. However, in the
chemoimmunotherapy group the TTD lasted 10 months and the ORR was 83%, which
is a distinctive result. Additionally, they observed low or no PD-L1 expression and low
TMB in most patients (Table 2) [28]. Such outstanding outcome is encouraging, and it
would be reasonable to compare chemotherapy and chemoimmunotherapy in patients
with targetable mutations.

Immunotherapy for advanced-stages NSCLC patients is not the only use of ICIs. A
recent study showed shortened disease-free survival after administration of the combi-
nation of neoadjuvant immunotherapy and chemotherapy in patients with EGFR exon
20 insertion or MET exon 14 skipping mutation, despite achieving the major pathological
response in 3 of 4 patients with targetable driver mutations [38]. In contrast, clinical trials
on neoadjuvant EGFR-TKIs provide favorable data in early stage EGFR-mutant NSCLC [39].
As for these alterations, more studies are required to determine which approach is the most
effective, but targeted therapy appears to be the most favorable so far.

Generally, EGFR mutations, ALK, and ROS1 rearrangements do not appear to predis-
pose patients to immunotherapy. However, it must be taken into consideration that the data
on the use of ICIs in patients with ALK and ROS1 rearrangements is relatively scarce. It has
been speculated that the lack of efficacy may be related to the low immunogenicity of EGFR-
and ALK-mutant tumors. Despite the aforementioned assumptions about the upregulation
of PD-L1 expression in EGFR-mutant tumors, PD-L1 status in this group is still questioned.
Recent studies are leaning towards lower PD-L1 expression in EGFR-mutant tumors in
comparison to smoking-related cancers, which are well infiltrated with T cells, have higher
tumor mutational burden (TMB), and longer survival [40-42]. Even with high PD-L1
expression on cancer cells, the absence of cytotoxic TILs in TME may result in failure of
immunotherapy. Regarding TMB, it has been stated that a high number of mutations results
in neoantigen exposure, and thus, high TMB enhances tumor immunogenicity. Indeed, high
TMB has been identified as a potential predictor of ICIs therapy [43,44]. The combinatorial
approach using both immunotherapy and TKIs does not seem to be feasible as well, due
to serious adverse events, visible also in sequential therapy [45,46]. Nonetheless, certain
patients benefit from ICIs therapy; therefore, further investigation is required to discover
the mechanisms underlying the response to the treatment.

2.2. Dualistic Effect of KRAS and BRAF Mutations on the Immune System and the Efficacy of ICIs

KRAS mutations are, along with EGFR alterations, the most frequent type of alterations
in NSCLC patients (approximately 30%). They are almost only detected in lung adenocarci-
noma (LUAC) and are associated with smoking [47]. Unlike in other mutant lung cancers,
in KRAS-mutant tumors, additional genomic alterations frequently occur. The most com-
mon co-mutations involve TP53 (tumor protein p53), STK11 (serine/threonine kinase 11),
and KEAP1 (kelch like ECH associated protein 1) [48]. Although attempts are continually
being made to find a relevant drug, there are no registered effective drugs targeting mutant
KRAS, besides recently registered sotorasib for locally advanced or metastatic NSCLC
patients with KRAS G12C mutation, who have received at least one prior systemic therapy,
based on the CodeBreaK 100 study (Table 1) [49]. Additionally, preclinical and clinical data
regarding another KRAS G12C inhibitor, adagrasib (MRTX 849), is promising. Adagrasib
has earned a breakthrough therapy designation from the FDA based on findings from the
phase 2 KRYSTAL-1 trial [50,51].

Considering the lack of targeted therapy and underdetermination of other treatment
options, immunotherapy is being investigated. In the IMMUNOTARGET study men-
tioned above, the highest proportion of partial or complete responses was observed in the
KRAS-mutant patients (n = 271). The ORR reached 26%, the mPFS lasted 3.2 months and
was positively correlated with PD-L1 expression. Patients with PD-L1 TPS > 1% reached
7.2 months of mPFS, whereas patients without PD-L1 expression obtained 3.9 months of
mPEFS. (p = 0.01). The outcomes were consistent with ICls registration trials [22]. Inter-
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estingly, Skoulidis et al. reported that TP53-mutant adenocarcinomas were characterized
by high levels of PD-L1, PD-1, and CTLA-4 expression and CD3*, CD8", and CD45RO"
lymphocytes infiltration, whereas STK11 co-mutation was associated with low levels of
immune markers and mostly immune inertia, with low T-cell infiltration [48].

Kadara et al. had examined early stages LUACs and discovered that tumors with
STK11 mutations exhibited relatively low levels of infiltrating CD4" /CD8* T-cells and,
again, TP53-mutant cancers showed elevated PD-L1 TPS [52]. Moreover, in the analysis of
LUAC samples from The Cancer Genome Atlas and GEO repository conducted by Dong
et al., KRAS and TP53 co-mutated subgroup demonstrated significantly higher PD-L1
expression than other co-mutation types and high intensity of CD8* TILs infiltration. This
was further confirmed by IHC staining of LUAC specimens. The authors also emphasized
that the co-mutated subgroup showed higher mutational loads than other groups [53].
Moreover, it has been proven that patients with nonsquamous STK11-mutant NSCLC
are less likely than STK11 wild-type patients to respond to durvalumab monotherapy or
durvalumab in combination with tremelimumab therapy (anti-CTLA-4 mAb), and their
tumors show increased expression of genes and cytokines that activate STAT3 signaling
pathway [54]. This allows to assume that the effectiveness of ICIs in patients with KRAS
and STK11 mutations may be low, and the researchers have confirmed these speculations
in the clinic. Clinical outcome was inferior in patients with STK11 mutation in multiple
KRAS-cohorts of LUAC patients. The ORR in this group was 7.4%, whereas in the group
with TP53 mutation the ORR reached 35.7%. TP53 co-mutation was favorable also in
patients without PD-L1 expression (Table 2) [29].

The effectiveness of combined treatment with KRAS inhibitors and immunotherapy is
being investigated in numerous clinical trials. In phase 1b study CodeBreaK 101, sotorasib
is used in combination with other anticancer therapies (including anti-PD-1 mAbs) in
patients with advanced solid tumors harboring KRAS G12C mutation [55]. Moreover,
KRYSTAL-7 is a phase 2 study designed to further evaluate the clinical activity of adagrasib
in combination with pembrolizumab administered as first-line treatment for patients with
advanced NSCLC harboring a KRAS G12C mutation [56].

Mutations in BRAF gene occur in 3-4% of NSCLC patients and V600E mutation
constitutes a great proportion of these alterations (approximately 50%) [57]. In such cases,
BRAF inhibitor — dabrafenib in combination with MEK inhibitor-trametinib is introduced
(Table 1) [9]. Considering the heterogeneity of non-V600-mutant NSCLC and scarce clinical
data, management of patients harboring this type of mutation is challenging. According to
Dudnik et al., BRAF mutation is connected with higher PD-L1 expression than in overall
population of NSCLC patients, low or intermediate TMB, and microsatellite stability [30].

In the BRAF-mutated subgroup (n = 43) of the IMMUNOTARGET study, the ORR
was 24% and the mPFS reached 3.1 months, similarly to the results in the KRAS-subgroup.
Additionally, the lowest rate of progressive disease (PD) was observed in this group and
the mPFS was significantly higher in smokers than in never smokers (4.1 vs. 1.9 months,
p = 0.03). The cause may be sought in higher TMB in smokers. There was a difference in
mPFS between patients harboring V600E mutation and patients with other BRAF mutations,
but it was not statistically significant (1.8 months vs. 4.1 months, p = 0.20) (Table 2) [22].
Dudnik et al. reported that ICIs had favorable activity both in V600E-mutant (n = 12) and
non-V600E-mutant patients (n = 10) as the ORR reached 25% and 33%, respectively (p = 1.0).
The mPFS was 3.7 months in patients with V600E mutation and 4.1 months in patients with
non-V600E mutations. Numerically, results in patients with mutations other than V600E
seem to be slightly better but they were not significant (Table 2) [30].

Guisier et al. included 26 NSCLC patients with BRAF V600E mutation and 18 with non-
V600E alteration in their study of ICIs efficacy in NSCLC and the ORR was 26% and 35%,
respectively. The mPFS was 5.3 months in patients with V600E mutation and 4.9 months in
patients with non-V600E mutation (Table 2) [31]. The outcomes in the studies mentioned
above were mainly consistent with NSCLC unselected study groups and it appears that in
V600E-mutant patients dabrafenib and trametinib combination is a more appropriate option
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hitherto. As for non-V600E mutation, the role of immunotherapy remains undetermined,
but in the absence of other treatment options, it seems worth considering.

Spiegel et al. have performed comprehensive genomic profiling on lung cancer sam-
ples and reported that TMB was low in lung cancer harboring oncogenic driver mutations,
but BRAF- (especially non-V600E) and KRAS-mutant patients were exceptional with a
greater percentage of patients with high TMB. Median TMB values were as follows: 4.5 for
EGFR mutation; 3.1 for ALK/ROS]1 fusion; 6.2 for MET ex. 14 alteration; 9.7 for BRAF muta-
tion; and 10.3 for KRAS mutation (p < 0.001 in all groups in Wilcoxon signed-rank test vs.
KRAS). Furthermore, high TMB was correlated with high DNA repair deficiency, another
candidate for ICIs response predictor [58,59]. Singal et al. analysis of the clinogenomic
database showed differences regarding TMB among distinct driver mutations. Alterations
in EGFR, ALK, ROS1, and RET were associated with significantly lower TMB than WT
cases (mTMB for EGFR-mutant: 3.5 vs. WT: 7.8; ALK-mutant: 2.1 vs. WT: 7.0, ROS1-mutant:
4.0 vs. WT: 7.0, and RET-mutant: 4.6 vs. WT: 7.0). Alterations in PIK3CA and KRAS
were associated with significantly higher TMB (mTMB: PIK3CA-mutant: 8.7 vs. WT: 7.0;
KRAS-mutant: 8.4 vs. WT: 6.1). All differences were statistically significant (p < 0.05) [60].
Considering the above, the TME and genetic features influencing TME are certainly worthy
of further investigation to formulate the best treatment standards.

KRAS-mutant and BRAF-mutant patients constitute an interesting group regarding the
response to ICIs. Undoubtedly, they may benefit from immunotherapy, but the implementa-
tion of ICIs in this group requires more research on molecular characteristics underlying the
response. Nevertheless, patients harboring KRAS coupled with TP53 mutation appear to
be the most suitable target group for immunotherapy among all studied driver mutations.

2.3. Difficult Cases: Patients with MET, HER2, RET, and NTRK Abnormalities

As new mutations are being described, new TKIs are continually being developed.
Durable response with MET, NTRK, and RET inhibitors is achievable, although as for all
the mutations described in this paper, it is questionable whether immunotherapy can be
used when the options for targeted therapies have been exhausted. Unfortunately, there is
no registered targeted therapy for HER2-mutant NSCLC patients yet. An investigation on
ICIs use in those patients is all the more important now.

Mazieres et al. analyzed ICIs efficacy also for patients with MET amplifications
or exon 14 skipping mutations (1 = 36). The mPFS was 3.4 months and the ORR was
16% in this group of patients. Half of the patients had PD, which was a relatively low
proportion (Table 2) [22]. In the aforementioned Guisier et al. study, the ORR for the
subgroup of patients with MET abnormalities (1 = 30) reached 35.7% and the mPFS was
4.9 months, which is a better outcome than in other studies, but the authors outline that a
great percentage of patients had high PD-L1 expression status and relatively low number
of treatment lines received before immunotherapy (Table 2) [31]. Sabari et al. analyzed
MET exon 14-altered lung cancer patients (n = 24) and response to ICIs. They stated that
the ORR was 17% and the mPFS was 1.9 months. They did not find a correlation between
response to ICIs and PD-L1 expression (TPS > 50% and < 50%) or high TMB. The median
TMB was lower than in unselected NSCLC population (Table 2) [32].

Patients with HER2 mutations were also enrolled in the IMMUNOTARGET study
(n =29) and the outcomes were not entirely favorable: in this group of patients, the ORR was
7%, PD occurred in 67% of patients and the mPFS was 2.5 months. As it was in the BRAF-
subgroup, the PFS correlated with smoking status (3.4 months for smokers vs. 2.0 months
for never smokers, p = 0.04) (Table 2) [22]. Guisier et al. also provided analysis for HER2-
mutant patients (n = 23). The ORR was 27.3% and mPFS lasted 2.2 months. (Table 2) [31].
In Lau et al. analysis, HER2-mutant patients (n = 14) achieved 27% ORR and mPFS was
3.6 months. The outcome was better than in patients with EGFR mutations other than exon
20 alterations (Table 2) [27]. Saalfeld et al. retrospectively evaluated outcomes of HER2-
mutant NSCLC patients who were treated with immunotherapy or chemoimmunotherapy
in the first-line setting (n = 27) or with ICIs in monotherapy as second or subsequent lines
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(n = 34). In treatment-naive patients receiving chemoimmunotherapy, the ORR, mPFS, and
OS rate at 1 year were 52%, 6 months, and 88%, respectively. In the second or subsequent
lines, ICIs monotherapy resulted in ORR of 16%, mPFS of 4 months, and median OS of
10 months (Table 2) [33]. Favorable results in the combination therapy group encourage
further research on this approach.

In the IMMUNOTARGET study, only 6% of patients with RET rearrangements achieved
partial or complete response to ICIs therapy, and 75% had PD. The mPFS was 2.1 months
(although the study group was small, n = 16). These were the second most unfavorable
outcomes in this study, right after the results in the subgroup of patients with ROS1 re-
arrangements (Table 2) [22]. In Guisier et al. analysis, the RET-rearranged group (1 = 9)
achieved an ORR of 37.5% (3 out of 8 evaluable patients), and the mPFS in this group was
7.6 months (Table 2) [31]. Hegde et al. have conducted a study, in which the TTD due to
progression has been determined in patients with RET-mutant malignancies, including
NSCLC. Overall, the median TTD was longer in patients who received non-ICI therapy
than in those who received ICIs. This was also true for the 29 patients with NSCLC, but in
this case, it was not statistically significant (9.3 months vs. 3.4 months, p = 0.16). Even in
patients with strong PD-L1 expression (n = 3), who received ICIs, TTD of less than 2 months
was observed in two of them. Data on TMB and MSI was available in some patients and all
of them had low TMB and were microsatellite-stable (Table 2) [34].

NTRK1, NTRK2, and NTRK3 are genes encoding tyrosine kinase receptors and their
fusions with other genes are frequent in some rare cancer types (e.g., secretory breast
carcinoma), but in NSCLC the prevalence of these alterations is approximately 0.1-1% [61].
The treatment strategy for this type of cancer is tissue agnostic drugs used in patients with
NTRK fusions, regardless of tumor type (Table 1) [10]. So far, only isolated case reports on
the efficacy of immunotherapy in patients with NTRK fusions have been described. Two
patients were included in Dudnik et al. study and one of them achieved a partial response.
However, the mPFS and mOS were not reached in these two patients (Table 2) [35]. A
patient with LUAC, harboring novel NTRK fusion (NCOR2-NTRK1), was treated with
camrelizumab (anti-PD-1 mAb) and PD was observed, despite high TMB and PD-L1
positivity (20-30% of tumor cells). However, partial response for at least 5 months was
achieved after switching the treatment option to larotrectinib (Table 2) [36]. Rosen et al.
performed analysis on patients with TRK fusion, and one patient with LUAC, receiving
ICI, achieved stable disease (Table 2) [37]. Undoubtedly, there are still many unanswered
questions about immunotherapy in these patients.

2.4. Tertiary Lymphoid Structures: Prognostic and Predictive Potential

Tumor immune-microenvironment is deeply researched at the moment, and it comes
across as the key to a greater understanding of immunotherapy response determination.
As mentioned above, distinct mutations correlate with different levels of PD-L1 expression
and CD8* cell infiltration. Another intriguing TME feature is the presence of tertiary
lymphoid structures (TLS). TLS are interesting components of tumor site, as they have
a structure similar to lymph nodes (although they are not encapsulated) and they are
induced in chronic inflammation, such as autoimmune diseases, persistent infections,
organ transplantation rejection, and cancer. Tumor-infiltrating cells are dispersed, whereas
in TLS, they are clustered in particular structures. Cell populations that constitute TLS,
most frequently described in the literature, involve B cells, T cells, and mature dendritic cell-
lysosomal associated membrane protein (DC-LAMP)* dendritic cells (DCs). The prognostic
value of TLS is broadly investigated in various cancers, and some studies have proven
TLS to have a positive prognostic value, e.g., in melanoma, colorectal cancer, and lung
cancer [62]. Rakaee et al. used artificial intelligence for TLS assessment in NSCLC histology
images. No association between TLS and TMB was observed, but EGFR-mutated patients
had a significantly lower number of TLS compared to the wild type. Patients with >0.01
TLS/mm? had a significantly higher ORR (32% vs. 22%, p = 0.03), a longer mPFS (4.8 vs.
2.7 months, p = 0.004), and an improved median OS (16.5 vs. 12.5 months, p = 0.008) [63].
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Other researchers have also correlated driver alterations with some TLS characteristics
in NSCLC, on the assumption that DCs and other cells densities at the tumor site are
treated as TLS indication. Biton et al. performed broad immune profiling in LUAC patients
and concluded that the presence of TP53 mutations without co-occurring STK11 or EGFR
alterations, independently of KRAS mutations, identified the group of tumors with the
highest CD8* T-cell density and PD-L1 expression. They determined DC-LAMP* DCs
density as the reflection of TLS presence and in STK11-mutated patients, this parameter
was low [64]. DC-LAMP* DCs are described as mature DCs, and it appears that they are
responsible for enhancing anti-tumor immunity by tumor-antigen presentation; therefore,
their presence at the tumor site is potentially favorable. The aforementioned results tend to
confirm that STK11- and EGFR-mutant tumors are immunologically suppressed and TP53
mutation characterizes well-infiltrated tumors which are predisposed to answer to ICIs.
Although there is little data regarding TLS predictive potential in NSCLC, there are signs
that determining TLS may be useful in predicting survival and response to immunotherapy
in this type of cancer.

3. Summary

The search for NSCLC treatment optimization continues and new approaches are
being tested. One of them is to introduce immunotherapy in patients with oncogenic driver
mutations as resistance to targeted therapy occurs. Scientists are at the beginning of the
journey to determine the full potential of immunotherapy, yet some conclusions can already
be drawn at this stage.

Various targeting mutations appear to imply distinct tumor biology and susceptibility
to therapies. The clinical response to ICIs varies depending on the driver mutation: in
KRAS- (especially with TP53 additional mutation) and BRAF non-V600E-mutant tumors,
clinical benefit from the use of ICIs is achieved, while EGFR-, ALK-, ROS1-, MET-, HER2-
and RET-mutant tumors usually do not respond for immunotherapy. Preliminary data
indicate that the use of ICIs in the majority of driver-mutated oncogenic patients is not
recommended and the treatment with TKIs or other inhibitors remains the therapy of choice
in those NSCLC patients. In most of the reports, researchers conclude that immunotherapy
may be considered solely after the exhaustion of targeted therapies and, in some cases,
chemotherapy. However, the combination of ICIs and chemotherapy showed favorable
outcomes in some studies which included patients with driver alterations. This approach
certainly deserves consideration. Differences are also observed among groups with various
types of mutations of the same gene and among groups with different co-occurring alter-
ations. Those results highlight the necessity for broad molecular diagnostics in patients
diagnosed with NSCLC. This could be achieved, for instance, by the use of the NGS meth-
ods. Presented results support the predictive value of PD-L1 expression and TMB, as a
high value of these parameters is correlated with more beneficial outcomes.

The studies are still definable as preliminary, they are mainly retrospective, the groups
are heterogeneous, and in large part not numerous, especially in the case of rare mutations.
Moreover, patients receive immunotherapy in the first, second, or subsequent lines of
treatment, thus it is critical to conduct a more thorough investigation. Undoubtedly,
much research is still required on immunological and genetic changes that occur in TME
during the course of the disease and various therapies. Large prospective studies and
investigations of new predictive factors are essential. Immunotherapy is also still evolving
and, as new therapeutic agents are being developed, presumably more clinical studies will
be conducted. There are still many uncertainties, but the direction of future research has
been defined and it appears that the path to the use of immunotherapy in patients with
oncogenic dependencies, although limited, is not closed.
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