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ABSTRACT

Introduction: Approximately 5% of non-small cell lung cancer (NSCLC), exhibits anaplastic lymphoma
kinase (ALK) rearrangements. EML4-ALK fusions account for over 90% of ALK rearrangements in NSCLC.
The advent of treatment targeting ALK has significantly improved survival rates in patients with
advanced ALK-positive NSCLC. However, the emergence of resistance mechanisms and the subsequent
progression disease inevitably occurs. The tumor immune microenvironment (TIME) plays a pivotal role
in lung cancer, influencing disease development, patient’s outcomes, and response to treatments.
Areas covered: The aim of this review is to provide a comprehensive characterization of the TIME in
ALK rearranged NSCLC and its intrinsic plasticity under treatment pressure.

Expert opinion: Recognizing the fundamental role of the TIME in cancer progression has shifted the
paradigm from a tumor cell-centric perspective to the understanding of a complex tumor ecosystem.
Understanding the intricate dynamics of the TIME, its influence on treatment response, and the
potential of immunotherapy in patients with ALK-positive NSCLC are currently among the primary
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research objectives in this patient population.

1. Introduction

Approximately 5% of non-small cell lung cancer (NSCLC),
especially adenocarcinoma, exhibits ALK rearrangements [1].
EML4-ALK fusions account for over 90% of ALK rearrange-
ments in NSCLC [2]. This rearrangement is due to a specific
inversion [inv(2)(p21p23)], juxtaposing the N-terminal of the
EML4 gene promoter with the kinase domain of the ALK gene
[3,4]. The fusion of EML4 with ALK promotes ligand indepen-
dent ALK activation and constitutive kinase activity, fostering
cancer cell proliferation and survival [5].

The advent of tyrosine kinase inhibitors (TKIs) targeting ALK has
significantly improved survival rates in patients with advanced
ALK-positive NSCLC [6]. Currently, first (crizotinib), second (alecti-
nib, and brigatinib), and third generation (lorlatinib) ALK TKls are
available. Second and third generation TKls are nowadays pre-
ferred as first-line therapy due to their superior progression-free
survival (PFS) and overall response rate (ORR) compared to crizo-
tinib [7-10]. Notably, brigatinib, alectinib, and lorlatinib demon-
strate considerable intracranial response rates [7-9].

However, the emergence of resistance mechanisms and the
subsequent disease progression inevitably occurs [11]. The

ability of cancer cells to exhibit biological plasticity leads to
a prompt adaptation to treatment, thereby limiting the effec-
tiveness of precision approaches in cancer treatment [12,13].
Of note, the tumor immune microenvironment (TIME) plays
a pivotal role in lung cancer, influencing disease development,
patient’s outcomes, and response to treatments [14]. TIME
affects responses to immune checkpoint inhibitors and TKls
and, conversely, these therapies modulate the composition of
the TIME itself [14-16].

Recognizing the fundamental role of the TIME in cancer pro-
gression has shifted the paradigm from a tumor cell-centric per-
spective to the understanding of a complex tumor ecosystem. In
this light, the aim of this review is to provide a comprehensive
characterization of the tumor microenvironment in ALK rear-
ranged NSCLC and its intrinsic plasticity under treatment pressure.

2. Immune tumor microenvironment composition

Besides tumor cells, TIME includes immune cells, fibroblasts,
pericytes, adipocytes, endothelial cells, carcinoma-associated
fibroblasts (CAFs) [17]. Of note, TIME is also composed by
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Article highlights

e Patients with ALK translocated disease have peculiar TIME features,
i.e. a reduced functionality of effector T cells and an increased
expression of PD-1, LAG-3, and TIM-3.

o ALK positive NSCLC that develop resistance to ALK TKIs show a low
presence of TCD8+ and high presence of Treg in TIME. In NSCLC
responsive to ALK TKIs, an increase in TCD8+ CD3+ cells, natural killer
and gamma delta cells was observed.

o Modified IL-2, CAR-T cell therapies, and the combination of novel
immune agents with anti-ALK TKIs are examples of treatments that
are currently under investigation.

blood and lymph vessels, extracellular matrix (ECM), microve-
sicles and various cytokines and chemokines [17,18]. Globally,
the components of TIME can be divided into immunogenic,
such as cytotoxic CD8 T cells, Natural Killers (NK) cells, dendri-
tic cells (DCs) and M1 tumor-associated macrophages [18], and
immunosuppressive, such as Treg cells, myeloid-derived sup-
pressor cells (MDSCs), CAFs and M2 tumor-associated macro-
phages [18].

Both intertumoral (i.e. sharing features that recur in patients
with the same tumor type) and intratumor heterogeneity, that can
be temporal (i.e. referring to changes in TIME composition occur-
ring in the same individual over time) or spatial (i.e. different
distribution of immune cells within the same tumor sample) [19],
characterize TIME. Interestingly, TIME in NSCLC is subject to the
influence of driver mutations, which can determine variations in
tumor-infiltrating cells, immunomodulatory molecules, cytokines,
and chemokines [20]. For example, EGFR mutations and MET
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amplifications have been associated with a poorly responsive
immune environment, whereas among patients with KRAS muta-
tion, those with co-mutation of STK11 or KEAP1 present an immu-
nosuppressive microenvironment, while those with TP53 co-
mutation are associated with greater immunogenicity [21].

3. Immune tumor microenvironment in ALK
fusion-positive lung cancer

Several available data have consistently pointed toward the exis-
tence of an immunosuppressive TIME within ALK-translocated
NSCLC which may involve various mechanisms, such as the
recruitment of immunosuppressive cell populations, dysregula-
tion of cytokine signaling pathways and expression of inhibitory
immune checkpoints [21-23] (Figure 1).

Usually, enhanced PDL1 expression on the tumor is corre-
lated with better responses to PD1 axis blockade [24,25].
Despite ALK-rearranged NSCLC often shows high levels of PD-
L1 expression [26,27], responses to immune checkpoint inhi-
bitors (ICls) in these tumors have been disappointing [28].
High expression of PD-L1 in ALK-translocated NSCLC, reflect-
ing a constitutive expression through oncogenic signaling
rather than a response induced by T-cell activity, appears to
be associated either with ALK-induced upregulation of HIF-
1alpha and STAT3 or with the activation of downstream PI3K-
AKT and MEK-ERK signaling pathways [27,29]. While studies
examining different immune cell populations within TIME
report heterogeneous results, together, they suggest reduced
functionality of effector T cells in ALK-positive tumors com-
pared to non-oncogene-addicted diseases [29,30].
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Figure 1. Tumor immunological microenvironment composition in ALK rearranged NSCLC.

The available data suggest reduced functionality of effector T cells in patients with ALK translocation disease, with decreased production of interferon gamma, low levels of granzyme B by

CD8+ T lymphocytes and increased expression of PD-1, LAG-3, and TIM-3.

In patients with ALK-translocated NSCLC, an increase in resting memory CD4+ T cells and a decrease in active memory cells was also observed.

Legend: IFN, interferon; IL, interleukin; HIF, hypoxia-inducible factor.



Multispectral imaging in NSCLC EML4-ALK transgenic treat-
ment-naive mice detected scarcity of T cell infiltrate [22]. Gene
set enrichment analysis conducted on human NSCLC with ALK
rearrangement revealed, in comparison to NSCLC with wild-
type (wt) ALK/RAS/EGFR, a diminished expression of genes
associated with T-cell infiltration and a significant reduction
in the expression of TCR-related molecules including TCRDb,
CD3d, CD3g, CD3z, and Lck. Furthermore, ALK positive
NSCLC demonstrated a decrease of T-cell co-stimulatory mole-
cules such as ICOS and CD28, as well as a reduction in CD80
and CTLA-4 levels [30].

To evaluate the immune biomarkers in TIME and their prog-
nostic value in ALK-rearranged NSCLC, Zangh et al. analyzed
tumor samples from 39 ALK-rearranged NSCLC patients and
compared them to 40 EGFR mutant and 30 KRAS mutant patients
[31]. Interestingly, ALK positive NSCLC exhibited significantly
lower expression levels of CTLA4, LAG3, and TIGIT in TIME com-
pared to EGFR mutant lung cancer (p < 0.05). Conversely, TIM3
expression was significantly higher in patients with ALK-positive
NSCLC than in those with KRAS-positive NSCLC (p <0.05).
Moreover, compared to KRAS mutant NSCLC, a reduction of
activated immune populations (CD3+, CD8+, Granzyme B+, and
CD20+), alongside an increased expression of TIM3 was noticed
in ALK-mutated NSCLC. Of note, high expression of PD-L1 and
CTLA4 was linked to worse overall survival in patients treated
with ALK TKIs [31]. In contrast with these results, another study,
involving patients treated with alectinib, demonstrated no sta-
tistically significant associations between PD-L1 positivity and

Table 1. Studies on TIME composition in ALK translocated NSCLC.
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objective response rate (p=0.274) or PFS (HR 0.98, 95% ClI
0.37-2.61, p=0.97) [32] (Table 1).

Interestingly, the CD8+ expression in tumor-infiltrating lym-
phocytes (TILs) may also vary depending on the treatment
with ALK TKIs. A study demonstrated that while CD8+ T cell
immunohistochemical positivity was observable in the major-
ity of samples of treatment-naive ALK-translocated NSCLC
patients, infiltration of CD8+ T cells was minimal or absent in
10 out of the 13 patients receiving ALK inhibitors [33].

Furthermore, Voena et al. characterized the immune infiltrate
in mouse models of NSCLC with ALK translocation. Compared to
NSCLC models with wt ALK, a similar proportion of T lymphocytes,
B cells, NK cells, and granulocytes was reported. However, in mice
with EML4-ALK translocation, CD4+T and CD8+ T lymphocytes
exhibited elevated PD-1 expression, and CD3+ and PD-1+ T cells
demonstrated heightened levels of T-cell inhibitory molecules,
such as LAG-3 and TIM-3. Additionally, ALK translocation mouse
models showed an increase in FOXP3+ Treg cells over time [30]. In
a retrospective analysis of 31 patients with ALK-rearranged NSCLC
and 43 patients with wt ALK and EGFR, a higher percentage of
FOXP3-positive cells, as assessed by immunohistochemistry, was
observed in patients with ALK translocation compared to those
with wt ALK and EGFR. Additionally, mRNA expression analysis of
marker genes was conducted to estimate the abundance of 14
types of immune cell populations (including B-cells, CD45+,
CD56dim, TCD8+, cytotoxic cells, CD8+ exhausted T-cells, macro-
phages, mast cells, neutrophils, NK cells, T-cells, Th1 and Treg
cells). This analysis revealed a higher number of Treg cells in

Study Objectives (parameters related to ALK+ human samples

Study TIME) (N) Outcomes
Zeng C PDL1, PD1, CD8, IFN-y expression 33 e Low PDL1 expression
et al. [23] e High PD1-positive CD8" T cells infiltration
o Absent expression of IFN-y RNA
D'Incecco A et al.  PD1 PDL1 expression 10 ¢ High PDL1 expression
[26]
Koh J PD1 PDL1 expression 58 e PD-L1 expression in 81%
etal. [27] e PDL1+ ALK+ associated with higher numbers of tumor-infiltrating PD1
+ cells
Heo JY PD-L1 expression, treatment outcomes, 14 e High PD-L1-positive rates
et al. [28] RNA expression level and cytolytic e Low IFN-y-related response
activity
K Ota PDL1 expression NA* o Upregulation of PDL1 by PI3K-AKT and MEK-ERK signaling pathways
et al. [29]
Voena C PD1, PDL1 expression NA° o High numbers of PD1+ T cells
et al. [30] TIME evaluation » High expression of TIM-3 and LAG-3
¢ High infiltrating Treg cells
Gainor JF PDL1 expression, CD8+ TILs evaluation 27 o Low rates of concurrent PD-L1 expression and CD8+ TILs
et al. [33]
Budczies J Immune-related gene expression profiling, 31 ¢ High Treg
et al. [34] TILs evaluation e Immunosuppressive TIME
Jiang B Tumor genome mutation analysis. 84 o Co-occurring TP53/CDKN2A/B variations associated with high TMB
et al. [36] PDL1 expression and TILs evaluation. ¢ Immunosuppressive TIME
Zhang B PDL1 expression, TILs evaluation 39 ¢ High TCD4+
et al. [31] e Low rate of T cells expressing TIM-3-CD8+, CTLA4-CD8+, LAG3-CD8+,
PD1-CD8+

Legend: IFN, interferon; TIME, tumor immune microenvironment; TIL, tumor infiltrating lymphocyte.

*ALK+ cell lines.
°ALK+ cell lines and mice.
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patients with ALK translocations [34]. In this study, the investiga-
tion of cytokine and cytokine receptor expression differences
between ALK-rearranged and ALK/EGFR wt patients was con-
ducted using gene expression profiles. In ALK-translocated
NSCLCs, higher expression levels of IL-2, TNFRSF4 (OX40),
CXCL12, CCL2, and TNFSF13 (APRIL) were observed, while lower
expression levels of IL-11, CXCL10, and CXCL11 were
described [34].

An Asian population study assessed intratumoral immune cell
composition through gene expression profiles in 11 Asian
patients with ALK/EMLA4 fusion, finding that TIME were character-
ized by an increase in resting memory CD4+ T cells and
a decrease in active memory cells [35]. Moreover, in a study
examining the expression of CD8, interferon-y (IFN-y), and PD-1
via immunohistochemistry and RT-PCR in ALK-translocated lung
adenocarcinoma samples from 25 patients undergoing resec-
tion, individuals with ALK rearrangements displayed a reduced
density of CD8+ T cells in the tumor stroma. Notably, analysis of
IFN-y mRNA expression via RT-PCR in 10 patients, including 5
with ALK translocations and 5 with wt ALK, revealed IFN-y expres-
sion only in wt ALK patients [23]. In this light, a reduced signature
associated with interferon-y response compared to ALK-negative
NSCLC was evaluated through gene set enrichment analysis
conducted on bulk RNA sequencing data from 14 patients with
ALK-positive NSCLC [28].

The presence of co-alterations in ALK translocated lung can-
cer may also influence the immune microenvironment. In
a retrospective analysis evaluating tumor samples from patients
with ALK/RET/ROS1 rearranged NSCLC, TP53/CDKN2A/B co-
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ALK TKls

alterations were associated with high levels of PD-L1 in the
tumor area and reduced levels of CD8+, CD8+PD1-, and CD8
+PD-L1- TILs, suggesting an immunosuppressive microenviron-
ment [36].

3.1. Impact of ALK TKIs on TIME composition

Of interest, the modification of TIME composition can be
induced by several ALK TKis (Figure 2). Crizotinib and ceritinib
have been shown to induce multiple markers of immunogenic
cell death (ICD) in patient derived ALK+ NSCLC cell lines. This
leads to heightened recognition of cancer cells by innate
immune cells such as DCs and macrophages, promoting their
differentiation which lead to recruit and stimulate a T cell
response [37,38]. Interestingly, in the phase Ib clinical trial of
7 days of alectinib prior to atezolizumab in treatment-naive ALK
+ NSCLC patients, the CD8 T-cell count were increased post-
alectinib run-in in seven out of nine paired biopsies collected at
screening and day 7 of cycle 1; however, no clear association
with response was found with CD8 detection [39].

Among studies evaluating microenvironment after resistance
or response to ALK TKis, we can deduce that resistance typically
results in an immunosuppressive environment, while response to
ALK TKls lead to an immunoreactive microenvironment.

3.1.1. TIME and resistance to ALK TKI

Kim et al, analyzing PD-L1 expression in ALK-translocated
NSCLC cell lines resistant to ALK TKls crizotinib, ceritinib, and
alectinib, reported that TKI resistance results in increased PD-

Response

* TIME alterations due to Ceritinib
§ TIME alterations due to Crizotinib
#TIME alterations due to Alectinib

Resistance

]trﬂ of

o

Figure 2. Modifications in tumor immunological microenvironment composition in ALK rearranged NSCLC induced by ALK TKis.

In tissue samples from animal models or patients in response to ALK TKI treatments, an increase in TCD8+ CD3+ cells, CD4+ and natural killer cells was observed (upper panel). ALK
translocated NSCLC samples that develop resistance to ALK TKI show a low presence of T CD8+, high presence of Treg in TIME and higher expression of PDL1 (lower panel).

Legend: TIME, tumor immune microenvironment; TKI, tyrosine kinase inhibitor; ICD, immunogenic cell death.



L1 expression. Transcriptomic analysis revealed differential
expression of 20 genes compared to treatment-naive ALK-
translocated NSCLC cell lines, mostly involved in the immune
system, suggesting the immune system’s role in TKI resistance
development [40].

In a preclinical study, phenotypic analyses on murine mod-
els of NSCLC harboring EML4-ALK translocation after resis-
tance to ceritinib or ceritinib plus anti-PD1 revealed an
increase in PD-L1-expressing tumor cells. However, this
increase did not lead to rise in effector T-cells, as evidenced
by the lack of significant changes in PD-1 or granzyme
B expression in T-cells. Furthermore, ceritinib resistance was
associated with an augmentation in Treg cells, identified
through enhanced expression of Foxp3 and upregulation of
genes related to Treg differentiation. In animal models exhi-
biting resistance to ceritinib, an elevation in the expression of
the SOCS1 gene, crucial for maintaining Treg integrity and
function, was observed [22]. An immunohistochemistry analy-
sis on 11 treatment-naive patients and 16 patients crizotinib-
resistance showed a statistically significant decrease in CD68
expression and a trend toward lower expression of CD3, CD8,
and PD-1 in patients with TKI resistance [40].

Considering that PD-L1 expression and the presence of TILs
have been correlated with clinical responses to PD-1/PD-L1
inhibitors, Gainor et al. used immunohistochemical and quan-
titative methods to determine the levels of tumor-infiltrating
CD8+ lymphocytes in biopsies of 9 patients crizotinib resistant.
Their analysis revealed no elevated expression of CD8+ TILs in
any specimen and none of the patients showed simultaneous
presence of CD8+ TILs and PD-L1 expression [33] (Figure 2).
Recently, Angeles et al. investigated the potential of circulat-
ing cytokines as biomarkers in ALK positive NSCLC, through
longitudinal serum samples from 38 patients undergoing TKis
therapy. While IL-6, IL-8, and IL-10 levels were significantly
increased at disease progression, their baseline levels were
not prognostic of the durable benefit of TKI therapy [41].

3.1.2. TIME and response to ALK TKI

Using orthotopic mouse models of ALK-translocated NSCLC
treated with alectinib, Kleczko et al. demonstrated the crucial
role of the adaptive immune response in achieving durable
responses with ALK TKls. While immunocompetent mice trea-
ted with alectinib showed deep and lasting responses, immu-
nocompromised mice lacking functional T- and B-cells
exhibited initial response followed by rapid progression within
3-4 weeks of alectinib. Comparative analysis between a mouse
model achieving complete response and one achieving partial
response revealed higher presence of tumor infiltrating CD3
+CD8+ T cells and lower presence of neutrophils. Furthermore,
after 4 days of treatment, there was an observed trend of CD8
+ T cell increase and further decrease in neutrophils [42].
Single-cell RNA sequencing and multispectral tissue imaging
were conducted on 49 clinical biopsies obtained from 30
patients with metastatic lung cancer, including 10 ALK-
positive NSCLC. This analysis was performed prior and during
targeted therapy, revealing increased T cell infiltration in TIME
shortly after initiating TKI treatment [43]. Evaluation of TIME
remodeling in tissue specimens from 8 ALK-translocated
NSCLC responders to ALK TKI, using whole genome
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sequencing (WES) and RNA sequencing (RNA-seq), revealed
increased infiltration of immune and cytotoxic cells only in
not progressors patients. Furthermore, responders exhibited
significant upregulation of genes promoting T-cell activation
and differentiation. Utilizing bioinformatic techniques to iden-
tify immune cell subsets, an augmentation of cytotoxic cells
within the tumor microenvironment, including CD8+ T-cells,
gamma-delta T-cells, and NK cells, was reported [16].

Additionally, analysis of tissue samples from 14 patients
before and after TKI treatment demonstrated that the total
content of polymorphonuclear cells (in both tumor and
stroma) and the ratio of polymorphonuclear cells to lympho-
cytes were negatively correlated with PFS, whereas such cor-
relation was not observed when considering the sole
lymphocyte count [42].

In a study involving surgical samples from 70 patients
diagnosed with lung adenocarcinoma with ALK fusion,
a downregulation of PD-L1 and HLA-l expression on the
tumor cell membrane was reported, suggesting that ALK inhi-
bition and its downstream signaling pathway appear to pos-
sibly reverse it [44].

Exposure to signaling molecules linked to M2 macrophages
induces in vitro resistance to alectinib treatment via MET
bypass signaling. Interestingly, treatment with crizotinib, an
inhibitor targeting ALK and MET, reversed the resistance
induced by exposure to M2 macrophage conditioned
media [45].

In a neoadjuvant trial, several ALK TKIs (ensartinib, crizoti-
nib, alectinib and ceritinib) demonstrated to remodel TIME by
promoting the infiltration of cytotoxic CD8+ T cells and CD4+
T-helper cells, but not macrophages. Compared to resected
specimens achieving pathological complete response (pCR) by
neoadjuvant immunotherapy, higher levels of CD8+PD1+
T cells and lower levels of CD8+GranzymeB+ T cells were
noticed in surgical specimen after ALK TKis. Notably, one
patient who experienced disease relapse showed highest
level of CD8+PD1+ T cells in the pretreatment specimen,
suggesting that baseline CD8+PD1+ T cells may play
a critical role in influencing therapeutic outcomes [46].

Lastly, a study examining the impact of alectinib and crizo-
tinib on human monocyte-derived dendritic cells (moDCs)
through immunophenotyping via flow cytometry, migration,
antigen uptake, and cytokine assays revealed notable differ-
ences. Crizotinib-treated DCs exhibited reduced activation
markers, such as CD83, diminished chemokine-guided migra-
tion, decreased antigen uptake, and lower production of pro-
inflammatory cytokines, notably Interleukin-12. In contrast, the
immunosuppressive effects of alectinib were considerably less
pronounced [47] (Figure 2).

4. Immunotherapy in patients with ALK-positive
NSCLC

Based on previously reported data, TIME in ALK-mutated
NSCLC is characterized by a slight activation of the immune
system against the tumor (immunologically cold’) [48].
A major goal in current anticancer drug development is to
increase the infiltration and activation of T cells within the
TIME, due to their role in tumor control and elimination [49].
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One approach to achieve this is to induce ICD within tumor
cells, thereby stimulating the adaptive immune system. ICD
contributes to increased identification of tumor cells by innate
immune cells, such as DCs and macrophages, and promotes
their differentiation into activated phenotypes able to recruit
and stimulate a T cell response [37]. In this light, theoretically,
a therapeutic approach aimed at transforming the TIME in
a more immunologically active environment could allow for
better treatment efficacy.

To date, findings from a subgroup analysis of a prospective
single-arm study and two retrospective studies suggest an
objective response rate of 0% in NSCLC patients with ALK
rearrangement treated with anti-PD-(L)1 antibodies as mono-
therapy [33,50-52]. Conversely, anedoctical case reports
reported positive response to immunotherapy treatment
after exhausting therapeutic options with TKls. A patient
with an ALK G1202R mutation, after two different TKIs and
platinum-based chemotherapy, received pembrolizumab,
achieving a partial response for 9 cycles [53]. Another patient
underwent treatment with ceritinib, followed by a regimen
combining platinum and bevacizumab before experiencing
disease progression. Following this, the patient received nivo-
lumab as third-line therapy, resulting in a complete response
observed in radiographic imaging for around 16 months [54].

A recent retrospective study, among 216 patients affected
by NSCLC with oncogenic driver alterations other than EGFR
NSCLC, included 14 patients with ALK positive NSCLC treated
with immunotherapy both as monotherapy and in combina-
tion with chemotherapy, in both first and second line. Overall,
immunotherapy efficacy resulted modest, confirming that ALK
TKls should remain the first-choice treatment option [55].

Despite the combination of TKIs and immunotherapy
seemed to be an approach capable of increasing responsive-
ness to TKlIs and thus a promising way forward for patients
with ALK-positive NSCLC, the available data derived from early
phase clinical trials did not demonstrate activity of this
combination.

Crizotinib plus nivolumab was initially tested in the
CheckMate 370 but, due to early serious adverse events, the
trial stopped [56]. Moreover, the combination of ceritinib and
nivolumab in first and subsequent lines also produced
a response rate of 69% and 35%, respectively, similar to the
results obtained by ceritinib monotherapy [57-59].

Similarly, a trial evaluating the combination of Ipilimumab,
an anti-CTLA-4 antibody, and EGFR and ALK TKIs, was prema-
turely discontinued due to toxicities observed in both patient
cohorts (in ALK+ patients, grade 3 hypophysitis and grade 2
pneumonia) without response data reported [60]. Moreover,
alectinib and atezolizumab combination demonstrated pro-
mising activity with increased toxicity compared to the use
of each agent individually [39].

Based on the available findings, novel generation ALK TKls
seems to have lower toxicity when combined with immu-
notherapy but with no clear evidence of increased efficacy.
In this light, in the JAVELIN Lung 101 study, the combination
of avelumab and lorlatinib in 28 previously treated patients
reported no dose-limiting toxic events (DLTs) or grade 4 or 5
adverse events with a response rate of 46.4% [61,62]. Of note,
definitive conclusions about the treatment’s activity could not

be established and, consequently, more extensive studies are
necessary to further validate these findings.

Finally, to date, immunotherapy combined with che-
motherapy represents the standard of care for non-oncogene
addicted metastatic NSCLC [63]. In the Impower130 trial eval-
uating atezolizumab plus chemotherapy as first-line treat-
ment, patients enrolled in the experimental arm presenting
EGFR or ALK alterations (7%, n = 32) demonstrated no survival
benefit comparing to patients treated with chemotherapy
alone [64]. A subgroup analysis of IMpower150 trial, in ALK
positive patients after progression or intolerance to at least 1
TKI, demonstrated a slight improvement in PFS and overall
survival (OS) of atezolizumab and bevacizumab plus carbopla-
tin plus paclitaxel [65].

Overall, the PD-L1-PD-1 axis inhibition provides only lim-
ited benefit in patients with NSCLC displaying ALK alterations
(Table 2).

5. Future perspectives

Based on the previous evidence, immunotherapy, alone or in
combination with other treatments, have not yet found
a place in the treatment landscape of patients with ALK-
rearranged NSCLC.

In this light, based on the subgroup results obtained by
IMpower150, combination studies with immunotherapy
(anti PD-1 or PD-L1), chemotherapy (and antiangiogenic
drugs) have been conducted or are currently recruit-
ing [66].

Atezolizumab and platinum doublet with or without bev-
acizumab have been investigated in oncogene-addicted (EGFR
or ALK positive) patients in some phase Il and Ill studies.
Bylicki et al., analyzing data from 13 ALK-translocated patients,
demonstrated that atezolizumab with or without bevacizumab
and platinum-pemetrexed treatment achieved promising
activity after tyrosine kinase inhibitor failure, with an accepta-
ble safety profile [67].

Additionally, a phase 3 study is currently ongoing to eval-
uate the efficacy of atezolizumab in combination with carbo-
platin, paclitaxel, and bevacizumab compared to treatment
with pemetrexed and cisplatin in TKI pretreated patients
with activating EGFR mutation or ALK translocation
(NCT03991403).

Interestingly, a case series involving two patients with ALK-
rearranged NSCLC, who had previously undergone multiple
ALK TKI (including lorlatinib) and/or chemotherapy, showed
promising outcomes when treated with a combination of
bevacizumab and lorlatinib. This combination was well toler-
ated and could offer benefits for lorlatinib-resistant
patients [68].

Pembrolizumab with bevacizumab and chemotherapy in
patients with ALK-positive NSCLC after progression on alecti-
nib is currently under evaluation in a small phase Il trial
(NCT05266846). The NCT04425135 study is evaluating the
combination of camrelizumab, a PD-1 inhibitor, together
with apatinib, a small molecule inhibitor of vascular endothe-
lial growth factor receptor 2, and carboplatin-pemetrexed
(Table 3).



Table 2. Immunotherapy trials in patients with ALK-positive NSCLC.
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N TKI Safety
Stage N ALK+ pretreated/ (% AEs > ORR  mPFS
Study Drug Study design disease patients N TKI naive G3) (%) (months)
ICls monotherapy Gainor et al., Any anti-PD-(L)1 Retrospective Advanced 6 6/0 NR 0 NR
2016 [33] antibody study
Garassino et al., Durvalumab Phase Il, open  lIB/IV 15 15/0 NR 0 NR
2018 [50] label
Mazieres et al., Any anti-PD-(L)1 Retrospective Advanced 19 19/0 NR 0 2
2019 [51] antibody study
ICls plus TKls Shaw et al., Lorlatinib + Phase Ib, open  Advanced 28 27/0 53.6%  46% NR
2018 [61] Avelumab label
Spigel et al., Crizotinib + Phase I/1l, open  Advanced 13 13/0 61.5% 38 NR
2019 [56] Nivolumab label
Chalmers et al., Crizotinib + Phase |, open -1V 3 3/0 33.3% NE NE
2019 [60] Ipilimumab label
Felip et al., Ceritinib + Phase Ib, open  lIB/IV 38 20/16 86% 44% 46"
2020 [57] Nivolumab label
Kim et al., Alectinib + Phase Ib, open  Advanced 21 2/19 57% 86% NE
2022 [39] Atezolizumab label
ICIs plus CT West et al., Atezolizumab + Phase Il Advanced 32*% 32%/0 NR NR 7*
2019 [64] CBDCA + Nab- randomized
Paclitaxel
ICIs plus CT and Socinski et al., Atezolizumab + Phase lll, Advanced 13 13/0 58.5%° NR 8.3
antiangiogenic drug 2021 [66] CBDCA + randomized
Paclitaxel +

Bevacizumab

Legend: *ALK+EGFR positive patients; #In TKI pretreated patients; °In all patients. ICls, immune checkpoint inhibitors; TKIs, tyrosine kinase inhibitors, CT,

chemotherapy; CBDCA Carboplatin; NR, not reported; NE, not estimable.

5.1. Potential treatment strategies targeting TIME in ALK
positive NSCLC

Mounting attention has shifted toward targeting players in the
TIME. Below, we will analyze some of the novel therapeutic
approaches (Table 3).

The initial findings regarding a potential DNA-based vac-
cine targeting ALK come from a study that analyzed the
growth of ALK-positive lung tumors in murine models. The
vaccine induced a strong and specific immune response,
demonstrating activity even in combination with TKls directly
targeting ALK [30]. Of note, in a recent preclinical trial, the

Table 3. Future perspectives and clinical trials in NSCLC ALK-positive.

authors demonstrated that the poor immunogenicity of ALK
positive disease could be improved by enhancing the priming
of ALK-specific CD8+ T cells through vaccination with a single
ALK peptide. This vaccination seems to 1) increase the num-
bers of intratumoral ALK-specific CD8+ T cells, 2) delay tumor
progression, 3) extend overall survival and 4) cure a subset of
mice when combined with lorlatinib, preventing also central
nervous system progression [69].

Additionally, due to the evidence that the tumor microen-
vironment in ALK-rearranged mice was mostly immunosup-
pressive (great amount of Tregs) [70], benefits of combined

ClinicalTrials. ~ Study Estimated study
gov Identifier  design Therapeutic Agents Primary outcome Status completation date
ICls plus CT + NCT04042558 Phase Il Atezolizumab + platinum (carboplatin/cisplatin), Objective response  Recruiting June 2024
antiangiogenic pemetrexed * bevacizumab rate
drug NCT03991403 Phase  Atezolizumab + carboplatin, paclitaxel + bevacizumab Progression-free Active, not March 2024
1] VS pemetrexed + cisplatin/carboplatin survival recruiting
NCT05266846 Phase Il  Pembrolizumab + Bevacizumab + Pemetrexed + Progression-free Not yet February 2025
Carboplatin survival recruiting
NCT04425135 Phase Il Camrelizumab + pemetrexed + apatinib mesylate Objective response  Not yet January 2025
rate recruiting
Vaccine NCT05950139 Phase  Peptide vaccine Safety Not yet July 2029
/1 recruiting
NCT05195619 Phase  Personalized DC vaccine in combination with low- Patients with one  Recruiting September 2024
Ib, dose cyclophosphamide dose of vaccine
Safety
Treatment-
limiting toxicities
TILs NCT03645928 Phase Il TIL + pembrolizumab VS TIL as a single agent therapy Objective Response Recruiting December 2024
Rate
Safety
NCT04872634 Phase  SNKO1 (NK Cells) + CT + Cetuximab Maximum Tolerated Unknown NA
I/lla Dose
Safety
NCT05681780 Phase  CD40L TILs + Nivolumab Safety Recruiting July 2025

I/

Legend:ICls, Immune Checkpoint Inhibitors; CT, chemotherapy; DC, dendritic cells; VS, versus; TIL, tumor infiltrating lymphocytes; NK, Natural killer; NA, not available.
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therapy with ALK TKIs and ALK vaccine may be enhanced by
immunotherapies, such as anti-PD-1/PD-L1 and anti-CTLA4,
through block immune checkpoints [71,72], or anti-CD25 anti-
bodies through Treg depletion [73].

One interesting approach is based on the use of DCs
vaccination. DCs can effectively present tumor antigens to
initiate T-cell-mediated immune responses, and the interaction
of DCs with other immune cells within the TIME strengthens
anti-tumor immune signaling. The direct interaction of DCs
with tumor cells through antigen uptake and presentation,
coupled with their ability to interface with immune cells in
the tumor environment to promote anti-tumor immune sig-
naling, makes them an ideal candidate for cellular vaccination.

Interestingly, to date, two clinical trials are evaluating vac-
cination in patients with ALK-positive NSCLC. The first one
focuses on the wuse of personalized DCs vaccines
(NCT05195619), while the other is a phase Il trial that com-
bined DCs vaccine with chemotherapy (NCT05950139).

Adoptive cell therapy with TILs represents an autologous
adoptive immunotherapy strategy involving in vitro expansion
of T lymphocytes and in vivo reinfusion in association with
interleukin 2 (IL-2) after chemotherapy [74].

Adoptive cell therapy using TILs constitutes a novel approach in
immunotherapy for solid malignancies, including lung cancer. In
a phase | clinical trial, TILs were administered alongside nivolumab
to patients with metastatic NSCLC. Of note, three patients treated
with TILs and nivolumab experienced a radiological response,
including one case of complete response in a patient with EGFR+
NSCLC osimertinib-resistant [75].

A large multicenter phase |l trial, evaluating the efficacy of
TIL therapy with and without the immunotherapy, is currently
ongoing, also in patients affected by ALK positive NSCLC
(NCT03645928). Other forms of adoptive cell therapies cur-
rently under investigation include autologous NK cell therapy,
administered alone or in combination with chemotherapy.
This phase I/lla study foresees the enrollment exclusively of
patients with lung cancer who have progressed after treat-
ment with TKIs, including those with ALK positive NSCLC
(NCT04872634).

The CD47, usually overexpressed in lung cancer, is a widely
expressed cell surface molecule that prevents phagocytosis of
target cells by innate immune system through its interaction
with signal regulatory protein alpha (SIRPa) [76].

The recognition and phagocytosis, by macrophages, is
partly influenced by the expression of CD47 on the tumor
cells. Data from early-phase clinical trials suggest that mono-
therapy has limited efficacy, while a greater response is
observed when used in combination [77]. Interestingly, the
adverse event profile of therapies targeting the CD47/SIRPa
axis does not include immune-related adverse events classi-
cally associated with PD-1/PD-L1/CTLA-4 checkpoint inhibition
[77,78].

In vitro, alectinib-resistant H2228 cells lines generated
two distinct cell populations based on CD47 expression
[79]. The inoculation of the CD47HiH2228 or CD47LoH2228
subtypes in nude mice revealed the significant tumorigeni-
city of the CD47Hi subpopulation [76]. Furthermore, mice
bearing H3122 (a human ALK-positive NSCLC cell line)

tumors were treated with lorlatinib and anti-CD47 combina-
tion, demonstrated tumor reduction and duration of
response [80].

An important role as a promoter of the T cell response
could be played by modified versions of interleukin-2, binding
to effector T cells and not interacting with Treg [81].

In this light, modified IL-2 could favor the acquisition of
effector functions of T cells already present in the TIME of ALK
+ NSCLC, while avoiding the proliferation and function of Treg
cells [16,33,43]. A phase | study of modified IL-2 plus nivolu-
mab, including 5 patients with treatment-naive metastatic
NSCLC, showed an increase in CD8+ T cells in the TIME during
treatment and no increase in Treg cells [82].

Oncolytic virus therapy is based on the use of viral agents
that can selectively replicate inside tumor cells, inducing ICD.
In order to improve anti-tumor efficacy, viral agents can be
easily modified in vitro to express cytokines/chemokines [83].

A strategy, already available in melanoma patients, is repre-
sented by the talimogene laherparepvec (T-VEC), a modified
herpes virus that stimulates the macrophage granulocyte col-
ony-stimulating factor to recruit and activate antigen-
presenting cells [84]. An increase in tumor antigen-specific
T-cells, accompanied by a reduction in Treg cells and mono-
cyte-derived suppressor cells, was demonstrated in lesions
treated with T-VEC [85].

Addressing the heterogeneity of the tumor immune envir-
onment (TIME) through the induction of immunogenic cell
death and subsequent T cell-dependent anti-tumor responses
represents one of the main objectives of T cells therapy
equipped with chimeric antigen receptor (CAR-T) [86,87].

The infiltration of CAR-T cells into solid tumor tissues
remains a prerequisite for their antitumor function, relying on
their efficient and specific trafficking capabilities. Mismatched
chemokine-chemokine receptor pairs, down-regulation of adhe-
sion molecules, aberrant vascularization, immunosuppressive
TIME, and the anatomical location of immune effector cells
can all contribute to the poor homing of these cells [88].
Limited trafficking within a solid tumor compared to hemato-
logic diseases and restricted T-cell activity in the microtumoral
environment pose significant challenges [89,90]. To overcome
issues associated with CAR-T cell entry into the solid tumor
environment or penetration into the tumor ECM, Caruana
et al. modified CAR-T cells to express heparanase (HPSE), an
enzyme that aids in degrading components of the tumor ECM,
thus promoting T-cell invasion and antitumor activity [91].

Several trials, exploring different potential targets for CAR-T
therapy in NSCLC, such as EGFR, HER2, mesothelin, CD80/
CD86, carcinoembryonic antigen (CEA).

For example, a phase | clinical trial is being conducted to
investigate the safety, tolerability, and pharmacokinetic prop-
erties of the CAR-T C-13-60 cells. The study aims to evaluate
the efficacy of the drug in late-stage malignant solid tumors
positive for CEA (NCT06043466).

In addition, another clinical study is assessing the safety
and tolerability of autologous mesothelin-targeted chimeric
antigen receptor (MSLN-CAR) T cells engineered to secrete
PD-1 nanobodies in patients with solid tumors (including ALK-
translocated NSCLC) (NCT04489862).



6. Conclusions

Recognizing the pivotal role of TIME in driving cancer progres-
sion marks a significant paradigm shift, moving beyond
a singular focus on tumor cells to embrace the complexity of
the entire tumor ecosystem. As we endeavor to identify effec-
tive immune-modulating therapies for ALK positive NSCLC in
the future, it becomes imperative to delve deeper into several
key areas. There is a pressing need to gain a comprehensive
understanding of how TKls therapy influences the intricate
dynamics of the TIME specifically within ALK positive NSCLC.
Additionally, elucidating the mechanisms by which residual
disease manages to evade immune detection represents
another critical avenue of investigation. Furthermore, determin-
ing the specific infiltrating immune cell populations that play
pivotal roles in enhancing TKI response and ultimately improv-
ing patient outcomes is paramount. By addressing these funda-
mental questions, we can pave the way for the development of
more targeted and efficacious therapeutic strategies tailored to
the unique immunological landscape of ALK positive NSCLC.

7. Expert opinion

As previously observed, the TIME comprises an intricate
system of interconnected components. Its characteristics
may depend on various factors, particularly the genetic
landscape of the tumor, which can also influence the
immune response. Furthermore, the presence of oncogenic
driver mutations within tumor cells can significantly impact
the composition and features of TIME [92]. For instance,
EGFR mutant NSCLC often display an immunosuppressive
TIME characterized by reduced infiltration of immune cells
[21]. Additionally, co-occurring mutations play a role in
shaping the immune tumor microenvironment. In NSCLC
cases with KRAS mutations and concurrent mutations within
the P53 gene, distinct TIME characteristics and clinical
responses to immunotherapy have been observed [93].
Conversely, the co-occurrence of mutations in STK11 or
KEAP1 results in an immunosuppressive microenvironment
and is generally associated with an unfavorable response to
ICIs [93,94]. On the other hand, alterations in TP53/CDKN2A/
B and co-occurring ALK/RET/ROS1 rearrangements are asso-
ciated with an immunosuppressive microenvironment and
a worse prognosis [36].

In addition to the genetic profile, the treatments can exert
a notable influence on the TIME, which in turn can impact
treatment response [95]. Particularly, the evidence of the
correlation between response duration to anti-ALK TKis
(such as alectinib) and the presence of an active immune
TIME appears to confirm its role in the durability of TKI
responses [42]. These findings are corroborated by additional
evidence indicating that increased infiltration of immune and
cytotoxic cells has been identified in patients who have
exhibited a positive response to anti-ALK TKIs [16].
Conversely, an escalation in immune suppression has been
observed in patients who experience disease progression to
anti-ALK TKis [40].

Hence, forthcoming investigations may direct attention toward
elucidating the intricate interplay between TKls and TIME. A broad
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comprehension of how the TIME evolves under the selective
pressure of anti-ALK TKls could hold pivotal significance in refining
therapeutic strategies and treatment sequencing for patients.

Specifically, the role of rebiopsy at the time of disease
progression assumes newfound importance. Beyond assessing
molecular mechanisms of resistance to anti-ALK TKiIs, it could
serve as a crucial tool for investigating the dynamic landscape
of TIME. The insights collected from such analyses could prove
invaluable, not only for advancing scientific understanding
and research endeavors but also potentially for guiding the
optimization of subsequent therapeutic interventions.

In light of this consideration, given the pivotal role of
immunity within this treatment context, the theoretical
synergy between immunotherapy and anti-ALK targeted ther-
apy could offer new treatment possibilities. However, while
the combination of immunotherapy and TKIs has shown con-
vincing efficacy in certain scenarios [53,54], it has concurrently
revealed significant toxicity concerns in numerous cases [57-
59]. This toxicity profile has, in fact, hindered the widespread
adoption of this therapeutic combination thus far.

The utilization of immunotherapy continues to be
a primary area of investigation in these patients. It is increas-
ingly recognized that combining novel agents aimed at mod-
ulating the TIME may hold promise for achieving effective
treatment outcomes while maintaining acceptable levels of
toxicity. Consequently, there is a burgeoning interest in
exploring these combination approaches in clinical research.
Presently, numerous studies are actively underway, investigat-
ing the potential efficacy and safety of such regimens in
treating various solid tumors, including ALK-positive NSCLC.

Modified IL-2, CAR-T cell therapies, and the combination of
novel immune agents with anti-ALK TKIs are just examples
within the important array of treatments that are currently
under investigation [80,82,91].

These studies aim to elucidate the mechanisms underlying
the synergistic effects of these agents and their potential to
improve patient outcomes in the clinical setting. Such endea-
vors represent crucial steps toward advancing the treatment
landscape for patients with ALK translocated NSCLC.
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