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A B S T R A C T

Importance: Deregulation of anaplastic lymphoma kinase (ALK) occurs in 3–7% of advanced NSCLC mainly
because of chromosomic rearrangements at the ALK locus. Next to its oncogenic function, ALK chimeric onco-
protein is a possible antigen for human immune system. The prognostic value of natural anti-ALK immunogenicity
remains poorly explored in ALK þ NSCLC. We hereby report preliminary results of a plasmatic anti-ALK a-abs
titration assessment in a cohort of ALK þ NSCLC pts.
Objective: To evaluate the prevalence of pre-existing circulating anti-ALK a-abs in ALK þ NSCLC pts. Key secondary
objectives are the assessment of anti-ALK a-abs prognostic value and association with brain metastases (BM).
Design: This monocentric case series included 60 ALK þ NSCLC pts progressing on any anti-ALK TKIs between
October 2015 and February 2021 at Gustave Roussy Cancer Campus. Fifty-six plasma samples were analyzed
through a semiquantitative immunocytochemical technique. Plasma samples were obtained from two prospective
studies approved by our Institutional Review Board: the MATCH-R trial (NCT02517892) and the MSN trial
(RECF1256).
Participants: We included pts diagnosed with unresectable stage III or IV NSCLC, either by contemporaneous or
historical biopsy. ALK-rearrangement was identified by FISH, IHC or NGS. Pts were aged more than 18-year-old
and had previously signed informed consent for one of the studies. Pts had received at least one anti-ALK-TKI
during the disease history. Pts were not eligible if they had been diagnosed with a second cancer.
Main outcomes and measures: The prevalence of plasmatic anti-ALK a-abs titer was reported as percentage.
Progression-free survival, overall survival, and time to BM were analyzed using Kaplan-Meier methods.
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Results: We found an anti-ALK a-abs titer in 5 (9 %) pts. anti-ALK a-abs did not contribute to prolongation of
survival. Although not significant, there was a trend towards protection against BM in the presence of anti-ALK a-
abs.
Conclusions and relevance: Because ALK fusion proteins are exclusively produced intracellularly, not all ALK au-
toantibodies may have direct anti-tumor impact with favorable prognostic value. This is the first investigation to
explore the impact of circulating anti-ALK a-abs on BM. Prospective studies with longer follow-up are warranted
to further explore the impact of anti-ALK a-abs on BM.
1. Introduction

Lung adenocarcinoma (LUAD) is the most common type among Non-
small cell lung cancer (NSCLC) [1]. The last 20 years have seen a para-
digm change in precision treatment for NSCLC owing to the rapid
development of high-throughput genome sequencing technologies [2,3].
About half of patients (pts) with advanced non-squamous NSCLC have an
oncogene-addicted disease for which there is a corresponding therapy
inside a clinical trial or an authorized indication [4]. Tyrosine kinase
inhibitors (TKIs) can target the chromosomal rearrangement of
anaplastic lymphoma kinase (ALK) gene, detected in approximately
3–7% of individuals with advanced NSCLC [5]. ALK encodes a classical
transmembrane tyrosine kinase receptor that belongs to the insulin re-
ceptor superfamily [6–8]. Upon deregulation, ALK can activate intra-
cellular signaling pathways (Fig. 1). Patients with ALK-rearranged
(ALKþ) NSCLC tend to be younger (median age of 51 years), never-light
smokers, and present with adenocarcinoma histology. Pleural, pericar-
dial and brain metastases (BM) are common at presentation [9,10]. Brain
is also the most common site of progression, occurring in 46 % of cases
without systemic progression and 85 % of ALK-positive patients treated
with the first generation ALK inhibitor crizotinib [10]. Compared to
crizotinib, second and third-generation ALK-TKIs are more adept at
penetrating the blood-brain barrier, thus preventing intracranial pro-
gression [11]. ALK þ NSCLC is a heterogeneous disease with differential
sensitivity and response duration to anti-ALK TKI exposure. Although
resistance invariably occurs [12,13], some individuals have a
slow-moving illness [14] that may benefit from prolonged use of the
same ALK TKI combined with locoregional ablative therapy at the time of
oligo-progression [15–17]. The variety of TKIs available for ALK þ
NSCLC is continually increasing [18]. However, not all patients may
Fig. 1. ALK chimeric protein a
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benefit from the same sequencing algorithm [19]; thus, uncovering
prognostic and predictive biomarkers towards a more tailored pathway
of care represents an unmet medical need. ALK is an outstanding tumor
antigen owing to its high specificity, robust immunogenicity, essential
role in tumor maintenance, and physiological expression limited to the
central nervous system (CNS) [20]. In young adults with anaplastic large
cell lymphoma (ALCL), anti-ALK antibodies (abs) have proven useful as
surrogates for the presence and intensity of an adaptive B- and T-cell
response against abnormal production of the NPM-ALK fusion oncopro-
tein. Abs against ALK, as well as cytotoxic T-cell and CD4 T-helper re-
sponses to ALK, have been seen in pts with ALK-positive ALCLs at both
diagnosis and remission [21].

Anti-ALK Ab titers are inversely correlated with the risk of relapse in
patients with advanced pediatric ALK-positive ALCL pts [22]. As
demonstrated in children and adolescents with ALKþ ALCL, ALK may be
intrinsically immunogenic. Tumor-associated abs in ALK-rearranged
NSCLC may be involved in the elimination phase of immune surveil-
lance, and anti-ALK abs have been reported in 17–61 % of
ALK-rearranged NSCLC [23,24]. Because of new data supporting the use
of vaccines in humans with ALK-rearranged NSCLC as an additional
therapeutic strategy to boost response rates and length of response in
combination with TKIs or immune checkpoint inhibitors (ICIs) [25], the
natural immunogenic potential of ALK is now calling for deeper insights.

Despite preliminary evidence, the prognostic value of anti-ALK abs
has been poorly explored in patients with ALK þ NSCLC. Therefore, we
provide preliminary findings of a plasma anti-ALK autoantibodies (a-abs)
titration assessment in a case series of ALK þ NSCLC at the Gustave
Roussy Cancer Campus. As research on predictive biomarkers able to
predict cancer propensity for metastatic brain involvement is a challenge
in lung cancer care, we also tried to explore the natural immunogenicity
nd its signaling network.
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effect of anti-ALK a-abs on BM. We hypothesized that the innate presence
of anti-ALK a-abs would persist during the progressive disease of any
ALK-TKI.

2. Methods

2.1. Antibody titration

The titer of anti-NPM-ALK Abs found in the plasma of pts was defined
by indirect immunostaining using NPM-ALK ectopically expressing the
COS-1 cell line. These adherent cells are non-human monkey kidney
fibroblast-like cells, suitable for transient transfection of the NPM-ALK
expression vector (pcDNA3.1 host plasmid) using the FuGENE trans-
fection reagent (Roche). Transiently expressing NPM-ALK cells (consid-
ering at least 20 % transfected cells, controlled by cytometry using
fluorochrome-conjugated NPM-ALK antibody) were fixed using acetone
after cytospin centrifugation on a slide. The titration experiment con-
sisted of the incubation of ALK-expressing cells with plasma samples from
each patient (100 μL of each dilution indicated in Table 1). anti-ALK a-
abs, whether present in the patient's plasma, hybridized on the ALK
fusion protein. A secondary antibody coupled with horseradish peroxi-
dase (HRP) and specific human IgG was added to reveal the ag-ab
complex.

NPM-ALK transfectants enabled the detection of a-abs that recognize
epitopes present in the intracytoplasmic region of ALK (present in all ALK
fusion proteins). Plasmatic pre-titration (dilutions 1:50 and 1:100)
confirmed the presence of specific NPM-ALK abs (Table 1).

3. Results’ interpretation

Hematoxylin-stained nuclei (nuclear chromatin) were dark blue,
whereas the cytoplasm appeared light blue. Negative controls were used
as the references. The HRP-DAB reaction produced a brown precipitate
localized in the cytoplasm of COS-1 cells expressing the NPM-ALK pro-
tein. Plasma without evidence of antibodies at 1:100 (absence of cell
membrane staining) was considered negative. The cut-off for a positive
result was taken as the highest dilution before the staining of ALK
transfectants was no longer visible by two independent observers.

3.1. Study population

This was a monocentric case series. Between October 2015 and
February 2021, a total of 60 blood samples from patients diagnosed with
ALK-rearranged NSCLC and progressing on first-generation, second-
generation, or third-generation ALK-TKIs were available for analysis at
Gustave Roussy.

All patients were aged >18 years at the time of plasma collection. We
obtained plasma samples from patients who had signed informed consent
for one of the two studies approved at our institution by the institutional
ethics committee of the primary investigator: the MATCH-R trial
(NCT02517892) and the MSN trial (RECF1256). Biological material
collection was approved by an independent ethics committee, and both
studies were conducted in accordance with the principles of the Decla-
ration of Helsinki, Good Clinical Practice, and applicable regulatory
Table 1
Plasma dilution adopted in the analytical phase.

Dilution PBS (μL) Plasma (μL)

1:50 test sample 147 3
1:100 test sample 198 2
1:250 test sample 498 2
1:750 test sample 500 250 (d1:250)
1:2250 test sample 500 250 (d1:750)
1:6750 test sample 500 250 (d1:2250)
1:20250 test sample 500 250 (d1:6750)
1:60750 test sample 500 250 (d1:20250)

3

requirements.
All patients in the present study were diagnosed with NSCLC either by

contemporaneous or historical biopsy and were not deemed eligible if
they had a second malignancy. ALK rearrangement was confirmed in 100
% of the samples by at least one of the following detection techniques:
FISH, IHC, or targeted NGS (Ion Torrent PGM, ThermoFisher Scientific).

3.2. Definition of variables

We described the patient demographics and clinicopathological fea-
tures: age, sex, performance status, tumor histologic type, stage at diag-
nosis (according to the 7th edition of the American Joint Commission on
Cancer TNM staging system for NSCLC), number of metastatic sites, LDH
at baseline, presence of central nervous system involvement, number of
ALK-TKIs received, and treatment types other than ALK-TKIs). Clinical
progression events included RECIST progression events from the medical
record abstraction. Treatment-related adverse events (TRAEs) were
collected from medical records. The clinicopathological data of patients
were matched with next-generation sequencing (NGS) genomic data
from two precision medicine protocols available at our Institution, the
MATCH-R protocol (ClinicalTrials.gov Identifier NCT02517892) and
STARTRK-2 protocols (ClinicalTrials.gov Identifier NCT02568267),
providing molecular characterization of the tumor at disease progression
with different ALK-TKIs.

3.3. Statistical analysis

Qualitative data are expressed as numbers and percentages, and
quantitative data are expressed as medians and ranges. Progression-Free
Survival (PFS), Overall Survival (OS), and time to Brain Metastases
(TTBM) were estimated using Kaplan-Meier (KM) curves. PFS, OS, and
ttBM with 95 % CI were reported for the Ab-positive and Abs negative
subgroups. Differences in PFS, OS, and TTBM between the two subgroups
were compared using the log-rank test. If no event occurred, the patients
were censored at the date of the last follow-up. P values were two-sided
and considered statistically significant at P � 0.05. Statistical analyses
were conducted using R version 2022.07.2. The data were updated on
October 1, 2022.

4. Results

4.1. Study population

Among 60 patients, 56 (93.3 %) were suitable for ab titration by a
semiquantitative immunocytochemical technique, with plasma of pa-
tients used as source of anti-ALK primary abs.

Plasma samples were collected and analyzed for 56 participants
involved in the research study. 43 of all samples (76.8 %) were not
collected at baseline, but at disease progression on any ALK-TKIs. For five
cases (9 %), this information was not available. The baseline character-
istics of the 56 patients are summarized in Table 2. According to the NGS
study, 23/56 patients (41 %) showed co-molecular abnormalities, with
the most common being TP53 gene mutations, which were detected in
17.9 % (10/56) of pts. The frequencies of other concomitant mutations
was as follows: 10.7 % for CDKN2A/B loss (6/65), 7.1 % for PI3KCA (4/
56). On-target ALK mutations were detected in 16 % (9/56) of the pa-
tients. Overall, in our cohort, the PFS on the first ALK-TKI was 20.3
months (2.8–79.5) and the OS was 98.0 months (9.7–165.7).

4.2. Clinical relevance of anti-ALK autoantibodies (a-abs)

Anti-ALK a-abs were detected in 5/56 (9 %) patients with ALK-
rearranged NSCLC (Table 3), (eFig. 1 in the Supplement). When
considering clinical characteristics, including age, smoking status, and
number of metastatic sites, no significant difference was found according
to anti-ALK a-abs status. The global median follow-up was 88.7

http://ClinicalTrials.gov
http://ClinicalTrials.gov


Table 2
Patients’ characteristics (n ¼ 56).

Category n (%)

Gender
Women 29 (51.8)
Age (years), median [range] 49.6 [23–73]
Smoking status
Current or former 24 (42.9)
Non-smoker 26 (46.4)
Not applicable 5 (8.9)
Histology
Adenocarcinoma 56 (100)
Stage
Locally advanced 7 (12.5)
Metastatic 49 (87.5)
Number of metastatic sites
1 17 (30.4)
� 2 39 (69.6)
Brain Metastasis (BM) 14 (25)
N. Prior treatment lines n (%)
Average 2.4 (1–8)
� 2 lines of therapy 33 (59)
> 2 lines of therapy 23 (41)
Chemotherapy first 31 (55.4)
ALK-TKI first 25 (44.6)
TKI at the time of plasma collection
Crizotinib 17 (30.3)
Lorlatinib 16 (28.6)
Ceritinib 13 (23.2)
Alectinib 3 (5.4)
Other 7 (12.5)
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(76.2–101.2) months. No significant difference in OS emerged between
the group with antibodies (anti-ALK abþ) [mOS 40.2 months; 95 % CI,
19.9 to not estimable] and with no antibodies (anti-ALK ab-) [mOS 153.3
months; 95 % CI, 74.4 to not estimable]; (p ¼ 0.062, eFig. 2 in the
Supplement). Anti-ALK Abs did not prolong PFS. mPFS was 8.71 months
for the anti ALK ab þ [95 % CI, 4.57 to not estimable], and 13.75 months
for the anti ALK ab-group [95 % CI, 11.28 to 26.2]; (p ¼ 0.021, eFig. 3 in
the Supplement). No patients in the anti ALK ab þ group presented BM at
baseline, while 14 patients (25 %) in the anti ALK ab-group had BM at the
time of diagnosis. Four (80 %) patients in the anti ALK abþ group did not
develop BM during their cancer history, whereas 37 (72,5 %) in the anti
ALK ab-group did, with a median time of brain progression of 21 months.
ttBM was 38.8 months [95 % CI, 28.8 to 73.3] in the anti ALK ab-group
vs. not estimable [95 % CI, 28.6 to not estimable] in anti ALK ab þ group
(p ¼ 0.2) (Fig. 2). Co-mutations were analyzed through targeted NGS
using a customized panel covering 82 cancer genes (Ion Torrent PGM,
Thermo Fisher Scientific). On-target ALK mutations were found in 3/
Table 3
Anti ALK ab þ patient's characteristics (n ¼ 5).

Case 1 Case 2

Plasma 70079 84396
Titer þ1:100 þ1:250
Histology adeno adeno
ALKþ IHC IHC/FISH
Sex male male
Smoking history Former

25 P/Y
Former
1 P/Y

Age at diagnosis 58 23
Stage at diagnosis IV IV
BM baseline/PD 0/0 0/0
PC after diagnosis (m) 30.7 19.5
1st line ALK- TKI crizotinib crizotinib
PFS1 (m) 3.4 14.5
Brain PD 0 0
OS status Alive Death
OS (m) 87.3 19.9
Co-molecular alterations NA ALK F1174N, PIK3CB

BM ¼ brain metastases; PC ¼ plasma collection; (m) ¼ months; PFS1 ¼ progression

4

5(60 %) patients and in 10/51 (19,6 %) patients in the anti ALK abþ and
anti ALK ab-groups, respectively. The difference between the groups was
not statistically significant (P ¼ 0.4).

5. Discussion

Recent data suggests that ALK-rearrangement is important for
immunological regulation [23]. Aberrant ALK protein expression could
represent a potential antigen for the immune system, as has been high-
lighted for ALCL [21,22,26–28]. Even though anti-PD-(L)1 abs have
transformed the treatment landscape of advanced NSCLC, ICIs alone
don't yield meaningful benefit in ALK þ NSCLC [29,30] and the concept
that immunotherapy may be beneficial for certain ALK þ NSCLC is
mainly supported by case studies [31,32]. It is currently unclear whether
anti-ALK a-absmight pinpoint a patient subgroup that responds better to
ICIs. Nevertheless, a vaccine-based strategy is being developed for
ALK-rearranged NSCLC in light of the findings supporting ALK's immu-
nologically antigenic significance of ALK [25]. A significant inverse
correlation between the titers of anti-ALK a-abs and the presence of
NPM-ALK transcripts in peripheral blood has been reported in patients
with hematologic ALCL. Data on this correlation are lacking in patients
with NSCLC. Along with the wide implementation of liquid biopsy in
clinical practice, exploration of this possible correlation could result in
high scientific interest.

In our series of ALK-rearranged NSCLC, anti-ALK a-abswere observed
in 9 % of patients, a lower frequency compared to ALCL patients, with a
frequency of up 96%. The prevalence of anti-ALK a-abs titers in our series
was also lower than the one reported by Awad et al. (17 % of NSCLC
patients) [23]. Indeed, the authors adopted a different methodology
based on enzyme-linked immunosorbent assay (ELISA), demonstrating a
good correlation compared to the standard immunocytochemical
technique.

Anti-ALK a-abs did not prolong PFS or OS. Although the impact of
treatment exposure on the anti-ALK a-abs titer still needs elucidation, as
the tumor progresses, the net effects of the cancer-specific immune
response might decrease and, finally, be overwhelmed by cancer-related
immunosuppression and tumor growth kinetics. In addition, with the
emergence of acquired resistance to ALK-TKI, the tumor microenviron-
ment (TME) gains immunosuppressive features, such as the restoration of
myeloid-derived suppressive cells (MDSCs) and regulatory T cells
(Tregs), impaired functions of tumor-infiltrating lymphocytes (TILs),
decreased antigen presentation, increased levels of interferon gamma
(IFN-γ), and increased expression of immune checkpoint molecules, such
as PD-L1 [33]. Deep analysis of the immune infiltrates of the tumors
revealed that despite the upregulation of PD-L1 in cancer cells, PD-1-and
Case 3 Case 4 Case 5

117083 1105 1238
þ1:2250 þ1:50 þ1:750
Adeno adeno adeno
IHC IHC/FISH IHC
female male Female
no Former

40 P/Y
Former
15 P/Y

36 69 43
IV IIIB IIIC
0/0 0/0 0/1
31.3 13.5 6.0
crizotinib crizotinib crizotinib
8.7 9.3 4.5
0 0 1
Death Death Death
55.4 14.2 40.3
ALK G1202R,
ROS1 T1987K

ALK G1269A, ALK F1174L, PIK3CB TP53

free survival on 1st ALK-TKI; OS ¼ overall survival.



Fig. 2. Kaplan-Meier (KM) curves of time to brain metastases (ttBM) in anti ALK ab þ group (antibodies) and anti ALK ab-group (no antibodies).
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granzyme B-expressing CD8þ T cells did not increase, suggesting that
these T cells may not be functional [34]. Therefore, anti-ALK antibodies
present in the bloodstreammay be insufficient to counteract the negative
effect of T cell exhaustion in ALK-rearranged NSCLC progressing over
ALK-TKI exposure [35]. In our study, only one (20 %) patient displayed a
high positivity titer, potentially explaining the absence of prognostic
value of circulating anti-ALK a-abs in our experience. In addition, among
the five patients who tested positive for anti-ALK a-abs, two of them (40
%) had already received chemotherapy and one (20 %) had already
received radiotherapy at the time of blood sample collection. Notably,
the sudden and systemic release of numerous dying tumor cells resulting
from chemotherapy may have deleterious consequences on
tumor-specific immune responses. A direct correlation between the
number of antigens expressed in the periphery, the degree of T-cell
proliferation, and the number of tolerogenic antigen-specific CD8þ T
cells in the draining lymph nodes has been described.

To the best of our knowledge, this is the first study to explore the
possible correlation between natural ALK immunogenicity and BM
development in NSCLC. A trend towards protection against central ner-
vous system involvement was found in the group with anti-ALK a-abs in
our series, suggesting that the natural immunogenicity of ALK þ NSCLC
may play a significant role in delaying BM emergence in certain ALK-
rearranged patients. Prospective studies involving pretreatment anti-
ALK a-abs titrations and prolonged follow-up are needed to investigate
the immunogenicity of anti-ALK a-abs against BM. To assess the real
impact of the anti-ALK natural immune response in preventing the
emergence of resistance and the development of BM in selected ALK þ
NSCLC patients, longitudinal analysis of circulating anti-ALK a-abs from
long responders and oligo-progressors to first-line next-generation ALK-
TKIs (e.g., alectinib [36], lorlatinib [37], NVL-655 [38]) should be pur-
sued. The identification of a persistent natural immune response in the
presence of progressive disease may be the most notable clinical appli-
cation in this regard, allowing future studies to investigate the true
predictive potential of anti-ALK a-abs with novel therapeutic approaches
(e.g., future immunotherapeutic options, including ALK vaccines and
chimeric antigens receptor cells designed to allow modified T lympho-
cytes to detect and destroy tumor cells expressing tumor-specific antigen
5

[39]). This knowledge may prove essential, particularly for individuals
whose sensitivity to all authorized ALK-TKIs has been lost because of
compound ALK mutations and the activation of alternative molecular
pathways.

To summarize, the concept of circulating anti-ALK abs primarily
pertains to the potential utility of these antibodies in blood-based assays,
providing a non-invasive method to track the prognostic behavior of
ALK-positive NSCLC. Circulating anti-ALK antibodies in NSCLC holds
promise as a non-invasive prognostic marker to help in the early iden-
tification of patients’ who may derive prolonged clinical benefit with
ALK inhibitors.

6. Limitations

This study had several limitations. First, the technique adopted for ab
titration is dependent on the observer's evaluation of the immunostain-
ing. To overcome this limitation, a second lecture by an expert biologist
was conducted to validate our results. Second, the retrospective nature
and limited sample size make the results inconclusive. These limitations
support the need for larger studies with longer follow-up periods to
explore the prognostic role of anti-ALK a-abs and the predictive value of
novel ALK-TKIs. Third, our cohort showed wide treatment heterogeneity
and most samples were collected after treatment exposure. To overcome
this limitation, a prospective study enrolling a more homogeneous and
less-treated population is encouraged. Finally, no randomized clinical
trials have assessed the predictive value of EML4-ALK variants in
response to ALK inhibitors. This information was not available for most
patients in our cohort; hence, further research should be encouraged to
assess the impact of the ALK variant on natural immunogenicity.

7. Conclusions and future perspectives

Since ALK-rearranged lymphoma patients have been shown to have
antibodies against ALK, as well as cytotoxic T lymphocytes (CTLs) and
CD4þ T helper effectors to ALK epitopes, ALK is naturally immunogenic
in NSCLC. The dynamic nature of the interaction between the immune
system and tumor is one of the main aspects of cancer biology that must
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be considered in the development of new therapeutic strategies. In this
regard, ALK þ NSCLC is an attractive option. Anti-ALK a-abs were found
in 9 % of pretreated patients using an immunocytochemical technique.
The presence of plasma anti-ALK a-abs did not improve prognosis in our
case series. Since ALK fusion proteins are only intracellular, ALK a-abs
may not have a direct anti-tumor effect. Longitudinal examination of
patients with prolonged disease control on first line ALK-TKI may shed
light on the interaction between the natural immune response and CD8þ

T cell-mediated cytotoxicity as a significant determinant of late resistance
in ALK-rearranged NSCLC patients. This is the first study investigating
the potential relationship between the development of brain metastases
in NSCLC and the inherent natural immunological response to the ALK
chimeric oncoprotein. Prospective trials involving pretreatment, anti-
ALK a-abs titration, and prolonged follow-up are necessary to investi-
gate the effect of anti-ALK a-abs immunogenicity against brain
metastases.
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Statement of translational relevance

The prognostic relevance of natural anti-ALK immunogenicity in pa-
tients (pts) with anaplastic lymphoma kinase (ALK)-positive non-small
cell lung cancer (NSCLC) remains uncertain.

Our series revealed evidence of a natural immunological response to
ALK chimeric oncoproteins, supported by the existence of circulating
anti-ALK autoantibodies (a-abs) in 9 % (5/56) of patients.

In our experience, no improved survival was observed in patients
with circulating anti-ALK a-abs. This evidence suggests that circulating
ALK a-abs may not have direct anti-tumor effects since ALK chimeric
oncoproteins are only expressed intracellularly. Although not statistically
significant, there was a trend towards protection against brain metastases
(BM) in patients with anti-ALK a-abs. ALK þ NSCLC represents an op-
portunity to empower knowledge of the anti-tumoral immune response
in an oncogene-driven disease. With a novel effective therapeutic
approach at the horizon, further prospective research is warranted to
exploit the interplay between persistent natural humoral response and
ALK-specific T cell response at progression on ALK-TKIs for NSCLC to
predict metastatic brain involvement propensity.
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